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ABSTRACT

The present research investigated the presence of hemis-

.Phere specialization for identification of verval (digits) and

i
non-verbal (environmental sdunds) material on dichotic listen-—
Ing (DL) in 5, 8 and 11 yr. olds at ome of three IQ ranges (>90,
65-80,(@1). The groups of subaverage IQ were of primary in-
terest: though age of onset and exact development of hemisphere
specialization in the a%erage child are still not definitively

established, even less is known about hemisphere specizlization
] iy o

in the intellectually subaverage.

An overall significant €ar advantage was present for
number of digits (right ear advantage - REA), but not for envir-

onmental sounds, identifie

[}

. Further'analysi§ revealed only the
5 and 8 yr. olds of average IQ exhibited a significant REA for
digit identification, suggesting any left hemisphere specializ-
ation for digit identificaticn on DL was confined to these Two
groups. However, u%ilizing number of subjects exhibiting ear
identification aéymmetzies, regardless of degree, suggested alter-
natively: 1) somé left hemisphere specialization may be présent
in groups of sub verage 1Q without Down's Syndrome; 2) some
.right hemisphere speech speciali;ation may be present in the
Down's Syndrome subgroups; 3) the REA mzy ve developing beyond
the ége 0L 5 yr.

Implications of the current findings for future research

were also discussed in detail.

\7
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S INTRODUCTION
/

The present research investigated the Presence and
development of hemisphere Specialization for verba; and non-
verbal auditory material on DL in children at two ievels of
subaverage intelligence without medical evidence of brain
damage (three age levels selected from special classes for
slcw learners with Slosson IQ's in the 65-80 range* and from
Special schools for the mentaily retarded with Slosson IQ &1).
Such hemisphere sﬁecialization wWas also compared with child-

R
Ten of average I§ at the Same three age levels selected.from
regular school classes. Hemisphere specialization was mea-
Sured by relative ear advantage ~in identifying material on
DL (simultaneous Dresentation of material of the Same general
category to each ear) because DL is the most extensively re-
Searched and validated measure of cerebral dominance devised %o
date for use in normal Porulations, and is especially approp-
riate for the type of children selected for tﬁe study.

These guestions were studied for several reasons.
First, the development of hemisphere specialization for Dro-
cessing of verbal material in c¢hildren of subaverage intelli-

- o
b

*Strictly Speaking, only two of *he three age groups
with IQ's in the 65-80 Tange attended special classes.
However the > yr. 0lds in this IQ range who were Selected from

e e

</

regular kindergarten classes were expressly selected because the

veacher believed that such children would eventually be placed
in a special class for slow learners (see apprendix D for z deg-
cription of information presented To kindergarten teachers to
guide them in Selecting candidates).

With the eXception of this footrote, all notes and ref-

érences for the notes will be found in appendix N.

-
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gence has been Sparcely researched, with much of the research
that has been conducted being seriously flawed and limited in
Scope. Second, the development of bemisphere specialization

- for processing of non-verbal material in children of sub-
average intelligence has been even less adeouately Tesearched
than has the development of left hemisphere specialization.
Hence, no firm (or even tentative) conclusions of any kind

can be drawn concern ing the presence angd development of hemis-

Phere specializat ion in children of subaverage intelligence.

I,J

Thiré, research results

O
i3

clinical and normal populations have
been ambiguous concerning the exact age of onset and subseg-
ﬁent development of left hemisphere specialization in the nor-
mal child. In regard specifically to the type of material
utilized in the bresent study to reflect +he Presence of left -
hemisvhere specialization (DL of nglus), the development of
the type, or types, of left hemisphere specializasion associ-
ated with the REA for identification of verbal material on DL

has not been conclusively established. Four rth, the patter% ox
development of the LEA for idenm ntification of non-verbal mat-
erial on DL, and any related right hemisphere specialization,
requires replication in the normal child at a young age (e.g.
below 9 yr. of age) and study of any kind in the older normal
child.
Thus, to inves%igate the development of hemisphere

specializatibn for processing verbal ang nen-verbal auditory

nput in children of sqbavepageTintelligence‘and T0 compare

such development with children of average intelligence,

relative ear differences in identification of digits and

’
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environmental sounds on DI were studied in relation to.chrono-

logical age and intelligence level. Nine age - IQ range gfpups

were formed by selecting ten children at each of three IQ ranges -

4

and each of three age levels.

The present study will thus exploreﬁhhe development
b I -

- 0f ear asymmetries in children at two levels of subaverage

iﬁtelligence with intact brains and compare this development

'ith children of average intelligence. Due to the inconclus-

ive nature of cerebral domirnance research in the intellectually

Subaverage, the present study will be largelw exploratory
ge, I "2 gels T N

with emphasis on tke Testing of absence of differences (null
hypothesis) in ear asymmetries in children of average vs. sub-
average intelligence.

Chapter I begins with a brief historical introduction
and a description of some brominent conceptualizations of‘h
cerebral dominance. Clinical and experimental data in adults
concerning the 3pecialized nature of each hemisphere for the
processing of certain types of input is then deécribed,'followed

by discussion of the pervinent hemispheric literature in various

cint is

ct
s}

child populations. The lifterature reviewed to tha
then summdrized, prior td an entire sectlion devoted. to *he
enployment of DL aé & measure of cerebrzl dominance in general
terms, and specifically concerning the types of children stud—
led. 4 corncluding sectéﬁg preéents‘a rationale for, and a
description of, the research Troblems to be investigated.
Thé‘second chapter outlines the sample, the instruments,

the experimental procedures and the statistics employed in the
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analysis of the data.

The third chapter presents the results with the .verbal

‘neasure, followed by analysis of tThe data derived from the non-

Terbal measure.
The fourth and final chapter discusses the results with
the verbal and non-verbal neasure, and concludes with a general

discussion-.of the implications of the present results for

future research.
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CHAPTER I
REVIEW OF THE LITERATURE

This chapter reviews the vast literature with adulst
and child populations and the extensive theorizing pertain-
ing to such literabure that have provided the background to
the formulation of the current research.

Section A‘Efesents a brief historical introduction
and some- prominent conce@tualizations of cerebral (functionzl
hemispheric) dominance that have been forwarded. 4 sampling
of research with clinical and normal adul< populations.

That suggests the specialized nature of the left and the

‘right hemisphere for the processing of certain Types of in--

formation is provided in section B. Section C reviews re-
search relevant toc the development of such specialized hemis-
pheric functioning in childhood, and its possible variatidn‘
in development in children with language disorders and in
children of subaverage intelligence. A summary of research
reviewed to that point (section D) precedes a discussion of
the dichotic listening techniéﬁe (DL) as a measure of cere-
bral dominance (secfion E). The chapter concludes with =

rationale for, and description of, the problems to be investi-

gated (section F).
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-y .
Al Hlstorﬂcal Lntroductlon and Conceuuuallzatloﬂs of
‘ Cerebral Dominance

.

1. Historical Introduction

‘The study of brain-behaviour relationships has 2
2 ye
- lengthy history.. For example, Benton (19642) noted a re-

ference to aphasial as early as. pOOO B.C. and vinpointed

5
i

the'beginning of its study to the wrvtlngs of Hippocrates,

-

. 2500 years ago.
Dax is credited by some as first %o note the associ-

ation bvetween specific lesions of The brain (i.e., left hemis-

pPhere lesions) and the presence of aphasiza (3enton, 1G964a;

?

Goodglass & Quadfasel, 1954).° Since that tize, 2 large

-

anount of data has accumulated implicating the left hemis-

&"Ux 3

bhere as preddminant for the processing of speech and langu-
2ge input. If one accepté as an édequate definition of
éerebral dominance for a specific function the greater im—
portance of a particular cercébral benmisphere for the occur- -
'renge of that _unCulon (Ceschwlnd 18743, such data provides
unequivocal ev1dence for the Dresende . of left hemisphere

. aomlnance for speech and 1anguage; A sampling of such ﬁateri—

~

ial, derived from both ¢linical and normal population samples,

-

b

will be pro v'ded in the nexu section.. But additional con-

Q.

ceptualizations of ceﬂr*eora'l aom_nance will first be considere
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"2. Qoncentualldatlons of Cerebral Dominance

A sevlous dlfflculty ir the lnvestlgatlon of cerebral
dominance hag—been the lack of a highly accurate, and at the
~same time safe, measure of cerebral dominance. Until the
1950*5 the traditional method of inferrihg ceﬂebral dominance
43* language had been on the basis of hand nrei‘erencep the
classical view was that all right handers have language re-
presented in the left hemisphere; all left handers, in the
riéht hemisphere (Benton, 1965). But this view was challenged
by the finding of Goodglass and Quadfasel (1954) of a fairly
high incidence of aphasia in 125 left-handers following left
hemisphere unilateral lesions situated'in the language zonés.!
* It was concluded that cerebral lateralization for language
and handedness were not directly linked: left cerebral lateral-
ization occurs more often than right-handedness, and left-hand-
edness is more prevalent than riéht hemisphere doﬁinance for
language. .

The -advent of the intracarotid sodium amytal technique
for the determination of hggfspheric speech dominance (Wa@a
% Rasmussen, 1960)° further highlighted the imperfect correl-
ation betweer handedness znd speech dominance. Using sodium
amytal injectiocn, Branch, Milnef[and Rasmusse% (1964) reported

that 1n a Montreal-Neurological Institute c¢linical population,

"

'90% of all right handers and 64% of those left handers without
indication of early left-sided brain damage exhibited left

hemisphere dominance for speech. Branch et. al. (1964%) noted

s
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that‘}ight hemisphere speech d%Finance in right-handed normal
populations is probably much lower than their 10% figure
since all of their right handers were referred with some
question of right hemisphere speech-representation.
Subsequent research with aphasics (Geschwind &
Levitsky, 1968; Geschwind, 1970, 1972; Penfield & Roberts,
1959), intracarotid injection of sodium amytal (Milner, 1974,

1975; Rossi & Rosadini, 19€7) and unilateral electro-con-

- vulsive therapy (Pratt & Warrington, 1972) has suggested no

more than 1-5% of right-handers exhibit right hemisphere
;ﬁeech specialization. The comparable figure estimated for
left-handers (i.e., those with left heﬁisphere speech dom-
inénce) has varied from 55 to 70% (Blumstein, Goodglass &

Tarttey, 1975; Levy, 1974%; Milner, 1974, 1S875; Warrington &

. Pratt, 1973).

Besides sodium amytal other accurate clinicazl measures
of cerebral dominance6 include direct electrical stimulation
of a cortex exposed for brain surgery (Lezak, 1976) and uni-
lateral electroconvulsive therapy (ECT) administered through
the scalp and forehead (Pratt, Warrington & Halliday, 1971:
Pratt & Warrington, 1972; Warrington & Pratt, 1973). Un- . .
fortunately, such intrusive prbcedures are Jjustified only 'in
very select clinical popﬁlations (e.g., when decisions con-
cerning desirability of surgery are required).

Some experimental technigues that have been utilized

with normal populations include difftrential electro-cortical
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activity in the hemispheres for different tasks (e.g., Galin
& Orn%tein, 1972)7; lateral eye movements (e.g., Bakan, 1969);
visual field recognition asymmetries during tachistoscopic
exposure (e.é., Kimura, 1966, 1969), recognition time'asyﬁ—
metries to material presented to each ear or visual field
(e.g., Moscov&tch & Catlin, 1970); the Dhl test (Snreen,
Mlller & benton, 1966) and DL (Kimura, 1967). Research re-
sults utilizing such techniques in adults will be described
in the next section (B). Critical evaluation of each tech-
‘nigpe will be deferred until the measure selected for the
present reviewer's thesis research (DL) is described in de-
‘tail in section E.

Zangwill (1962) presented two views of cerebral dom-
inance. One definition specified that one hemisphére exercises
direct control over the other hemisphere. Zangwill (1962)
and Shankweﬂler (1964) stated that no direct evidence has been
p 1dea to sunoort this formulatlon (but see note 10). A
second and more p_ewalent view has emphasized that the central
méchanisms‘subsefving speech, and possibly other higher func-
tibns as weli, are located primarly in one hemisphere.8 This
formulation, labelled the strict localization model by Mos-
coviteh (1973), was derived from consistently noted clinical
observations that umilateral hemisphericrlesions do not pro-
duce equivalent deficits (see next section).

' The accumulating evidence concerning the functional

épgcialization of the hemisphere not dominant for speech
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been surglcally sectioned, Moscoviteh (1973) referred to

REVIEW OF THE LITERATURE .-

(03]

. (e.-g., differential impairment of spatial perception ancg

mMemory, lmbalrment in v1suo—construct1ve ac»1v1u1es and
certain other non-verbal v1sual and auditory deficits with
rlght compared to left, lesion gr9ups,e.g.; see Dimond,
1972) has led the strict localizationist to postulate the
dominance for ‘such functlo“u of the hemisphere not dominant
for speech (Benton, 1965).

| Dimond (1972) provided a third view of cerebral

dominance in which the term is employed in a relative sense,

a view'described a5 "middle of the road" by Benton (19 65)

Most functions may be represented in both hemispheres, but
one hemlsbhere nay be superior in the processing of certain
uynes of materlal while the other hemisphere predominates
bhe processing of certain other types of input. Because
this model has received its most substantial suppért from
observations of patients whose forebrain commissures have
this view as the split-brain model (the term "split-brain"

will be employed throughout the remainder of this thesis

“to refer to individuals who have undergone forebrain com-

'missure‘sectioniﬁg). Moscoviteh (1973, 1976) has argued

for an altérnate model, that of “"functional localization":

verbal functions are represented in both kemispheres, but

'fundionally localized on the dominant side ang normalTy

' inhibited in une non-domluant side in normals and aphasics

(Drov1ded the critical areas of the dominant hemisphere
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rroducing the inhibition are not damaged in the aphasic). In

-t

Split-brain and hemispherectomized patients (hemisphere that

was removed being at time of removal dominant for language)g,
the influence of the dominant hemisphere is removéd, thereby

releasing the minor hemisphere's verbal behaviour.+0r 11l

-
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B ‘ Funqtional Diffcrences Between the Hemisphere312

1. The Left Hemisphére
2) Research on Clinical Populétions15
\‘As noted earlier, an extensi&e‘amount of c¢linical
material has 1lelcated Tthe left hemisphere as dominant ln
the vast maaorlty of adults for the Processing of speech and

verbal input.

It was pointed out in the previcus section that

' Branch et.al (1964) have determined through sodium amy ual

injection that in a clinical sample 90% of +he rlgnt—hanaed
and. 64% of the left-handed exhibited left hemisphere domin- .
aﬁcemfor Speeck and that even larger nercentages have been
noted in other Suucln.es.lbr Consistent with this finding,
lesions of the left “hemisphere have been accompanied by
Speech and language impairment (Dennis, 1976; Luria, 1966;
Mllner 1971, Newcombe, 1974; Penfield & Roberts, 1959;
Russell & Espir, 1069, see reviews by Critchley, 1969; Dimond,
1972; Dobroknotova & Braghina, 1974; ang Piercy, 1%64), de-
fects 'in verbal nenory (Meyer & Yates, (1955; Milner, 1862,
1967, 1971, 1974, 1975; Milner & Teuﬁer&lﬂﬁ&, lower scores
on werbal 1ntelllgence Tests (Andersonm, 1951 Costa & Vaughan,

1962; Stark, 196115), and either reduced overall identification

of digits on DI (Eimura, 1961b; Milner, Taylor & Sperry, 1968;

'Schulhof€ & Goodglass, 1969; Shaukweﬂler 1966) or impairment

in 1deﬂt1fﬂcatlon of digits at the right ear (Oxbury & Oxbury,

1969), resulting in absence of ear asymmetries or a left eaw
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advantage (LEA), in contrast to.the right ear advantage (REAL)
found in controls (Moore & Weidmer, 1975). Dimond (1972,

p.166) concluded from his review of deficits after unilateral

" lesions: “the clinical evidence is overwhelming of the  *

assoclation of lesions of the left hemisphere with disturb-
ances of language and the articulation of speech.’

Assessment of the abilities of tlte hemispheres of
split-brain patients, e.g.,through presentation’ of material
in contralateral visual field or hand (Bogen, 196%a; Ettlinger
& Blakemore; 1969; Gazzaniga, Bogen & Sperry, 1965; Hurwit:z,
1971; Nebes, 1974; Sperry, 1968; Sperry, Gazzaniga & Bogen,
196916) and the'performance of the remaining hemisphere of
hemispherectomy patients (Bogen, 1969a; Gott, 1973; Griffiths
& Davidson, 1966; Smith, 1966; Smith & Burkland, 1966), as well"
as seleqti§e disruption of object-naming and immediate verbal ‘
recall fo%%é%ing glectrical sfggﬁlatiog of certain left hemis-
phere sites in patients being treated surgically for epilépsy
(Fedio & Van Buren, 1974; Penfield & Roberts, 195§), have

further highlighted the speclalized .development of the left

 hemisphere for language and particularly expressive speech.

Now that, the left hemisphere's specialization for
speech and language functioning, and possibly for all types
of symbolic material processing, is-.widely accepted, some
efforts are being devoted To deﬁermine whether this dominance
is dependent on a more basic specialization. In this regard,

left hemisphere lesions in adults (compared to right hemisphere
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damage or non—brain—damaéed controls) have been associated:r
with disturbance in temporal perception and auditory SQQf/
uencing (Albert, 1972; Carmon & Nachshon, 197117; Efron,
1963¢c; Gordon, M., 1967; Lackner & Teuber, l9?§;-Milner,

1971, 197418; Swisher & Hirsh, l9?2);”se@ﬁéntial motor per-
-£¢Tmance (Carmon 197119), bilateral motor control (Wyke,

1966, 196720) and, react%?n time with increasing task com-
plexity (Dee & Van Allen, 197521):- Naming and serial ordering
ability in right-handers are also typically disrupted together
and recover together after sodiuam amytal injection (Milner,
1974) .

-In a review qf some of this reseafch, as well as
findings in normal populations, Krashen (1973b) and Bosshardt
and Hormann (1975) argued that,the.ﬁore fundamental elemént
may be temporal processing (including Ttemporal ordering, dur-
ation, simultaneity, rhythmag).Kimuré and co-workeré(iQ?Ba,

in press, Kimura & Archibald, 1974, Lomas & Kimura, 1975)

- have speculated that the basis of the left hemisphere dom-

inance they observed for movement copying, free movement (e.g-,
hand) during speech, sign language and for certain other man-

-—

ual behavioureD, is specialization for a certain'type of motor
behaviour, such as complex mofor sequencinggQ:. It has been |
more conservatively suggésted that there may be some comﬁon
factor involved in the control of body movement and speech
processes (Dimend, 1972). |

Though the evidence is much'less clearly supportive,
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lesion (Critchley, 1969; Hecaen, 1962; Luria; 1966) ang

sz;lit—brain studies (Gazzaniga, 1970; Nebves, 1974; Sperry,
1968, 1974; Sperry et.al. 1969) have also indicated a lerft
hémisphere pre—eﬁinence for calculation ability.25 A re-

view of data from sodium amytal and brain lesion studies has

- also led Lezak (1976) %o suggést that different emotional

reactions may be meaiated by each hemisphere (e.g., lefst

hemisphere inactivation or damage associated with depression,

_oversensitivity to, and exaggeration of disability).

b) Research on Normal Populations
Research datg derived from various experimental
Deasures of cerebral dominance in normal Dovulations will
now be Teviewed. As earlier indicated, critical évaluation
of each technigue as a2 cerebral dominanpe'measure will be
deferred until the discussion of DL is presented in section

E.

1) Phi-test. The Phi-Test as a measure of cerebral
=21l=tesy
dominance is described by Spreen et.al. (1966):

If 2 person fixates On 2 small light source a*
short distance which is rapidly alternated wit
a more distant source, the near light appears o
Dove to the position at which the double images
of the distant light are seen. Similarly, if he
focusses on the distant light, this light appears
to move to the double images of the near light.
YJasper (1932)26 reported that in prolonged ob-
servation of +his apparent movement mest subjects
Saw’'the light move %o one side rather than the
other and that the berceived direction of move-~
ment is related o €ye preference and/or cerebral
hemisphere dominance. When the near light ig
fixated, the double images are seen with the
nasal half of the retina of each eye; when the
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distant’ light is fixated, the double images are
Seen with the temporal halves of the retinae.
Since the pathways from the nasal halves of the
retinae cross in the optic chiasm and continue
to the contralateral dceipital lobes, while the
temporal fibers of the-retinae are connected
with the ipsilateral cortex, the direction of
the apparent movement (phi phenomenon) may re-
flect a form of hemispheric cerebral dominance
(Fig. ). '
Jasper argued that movement seen to the right
on beth fixations would indicate left cerebral
dominance and movement seern to the left on both
fixations would indicate right cerebral domin-
ance. If the movement were perceived to the right
on near fixation but to the left on far fixation,
Jasper assumed an overriding effect of right eye
deminance with no indication of cerebral domin-
ance; similarly, a combination of "left-near"
and "right-far" repcrted movements was inter-
preted as reflecting left eye dominance. Simul-
taneous movement in both directions and change
of reported direction during the observation
period were interpreted as indications of un—
stable cerebral dominance or ambilaterality.
Jasper  and Raney (1937)27 reported a 4-weeks
Tetest reliability of classification consistency
of 20 to 97% (W=43). The agreement of "later—
ality" as determined by the phi-phenomencn was
high with manual habit preference (97%) but low
with measures of eve dominzance and manual dex-
terity (63 and 65% respectively). ' .
In bhis original study, Jasper (1932) reported
fhat in 105 college students 48% of the 35 right-
handed subjects and 12% of the 39 ambilateral
subjects showed left hemisphere dominance accord-
ing tc these criferia while none of the 51 left-
handed subjects and none of a group of 40 stutter—
ers showed such dominance. In the left-handed
group left hemisphere and left eye dominance was
hdicated; the stutterers showed a trend similar
To the left-handers but also showed more "central
ambilaterality.”

12
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§ ¥ Apparent
/ Movement to
Right: L. eye

/ . or L. hemis-
bhere
/ Q-\Apparent Movement %o
| Right: R. eye or
/ L. hemisphere
) dﬁ‘..
N\
/ \
MR
A. Near Fixation . B. Far Fixation

Figure 1. Diagram of the phi-~test (McFie, 1952).
Spreen et. al. (1966).
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Jasper and Raney (1937) reported results of
45 children within the age range of 9-12 years.
One was unable to see the movement. Of the
remaining 42, 30 were classified as right=
central, © as right-eyed, 4 as left-central,
1l as left-eyed, and 1 as indeterminate, accord-
ing to Jasper's criteria. In a study of 12
cases 'of reading disability, McFie (1952)28
found little or no apparent movement reported, .
while © out of 12 control cases reported con-

_Sistent one-sided movement; two children re-

ported periods of “ambilateral movement'.
Ettlinger and Jackson (1955)29 reported that
5 out of 4 cases of reading disability showed
indications of ugstable cerebral dominance.
Carter (1963)2Y found +that out of 58 subjects
only four demonstrated an ocular dominance. as
Suggested in Jasper's classification. Since
his subjects (students of optometry) complained
about the difficulty of maintaining fixation,
he added a fixation point at the same distance
&ad located just above the target and reported
that with the aid of this point no "ocular
dominance"” was reporited by 27 subjects; 12 out
o0f 19 right-handers showed the left-cerebral,
three of 7 left-handers and one ambilateral
subject the right cerebral combiration. Two
0f the right handers were classified as slightly
left cerebral, one of the left-handers as

slightly right cercbral, three of the right- S

handers and two left-handers as ambilateral.
Three subjects were ursble T0 maintain fixation
even when the fixation point was added. Carter
reported a retest agreement of classification

of 79%. He concluded that the cases of ooular
dominance reported by Jasper were probably arte-
facts produced by subjects who either were un-
able to maintain fixation on -one of the two
distances (and therefore reported wkat probably
wasS a monocularly perceived movement) or were
"functionally one~eyed". He therefore dis-
carded the hotidn of ocular dominance in the
phi-test and described the use of 2. monocular
and binocular three-target test (targets added
to the left and right and at the same distance
as the distant fixation light - no near fixation)
as §n indicator of cerebral dominance. (pp. 308-
511).

Spreen et.al. (1966) then described their attempt to
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replicate earlier findirgs investigating the phi-phenomenon
and-its relationship to other measures of laterality (handed-

ness, hand strength, dexterity_and eye prefefence tests) in

‘normal children and adults. The hypothesis.that the direction

of movement on near fixation is related %o other aspects of

rateraligy was suprorted for reported handedﬁess,‘eye_pre—
ference and hand strength. But 2 reversal in d;reétion of
observed movement for near and distant fixation'was not found,"
ner was amb*lauerallty in phi-phencmenon viewing rela ated to
manual ambilaterality or -to eye dominance. -

| Any more recent studies'ﬁtilizing Qf evaluatiﬁg the
phi—tést as a measure of cerebral dominance have not come to
the attention of the preseﬁt réviewer.

ii) Visual field asvmmetries. The tachistoscopic recall/

recognition paradi has been utlilizegd fairly widely as =
. - @n' . y (7

'meaSure of cerebral dominance. -This paradigm consists of the

brief- Dresentatlon of a stimulus display (e.g., arrangement

of letters,-digits, drawings). The subject fixates on a

céftain point and the stimulus material is presentéd on either

(unilgtéral p#esentafion)for both éideé (bilatéral presentation)
of the'fixétion poiﬁt. _Immediatelj aiter.fhe ekposuie, the
s&bjeéf is fequired to recall the stimulus infdrma%ion'(White,
1969). 4 variation on this prqcédure is to instruct the sub-
ject to select the particular stimulus just'presented'from-a

visual stimulus a_ray (e €., See Gibson, Dimond & Gazzaniga,

1972 Olson, 1973).
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The fact that in normal adults, the right visual
field (RVF) has tended to identify .language materials more
reedily'than the left visual -field (LVF)then the material
was_unilaterally presented to either visual field (Barton;
Goodglass & Shai, 1965; Bryden, 1964, 1965; Bryden & Rainey,
1265; Dimond, 1972;-Heron, 1957; Hilliard@ 19733 McKeever,
1871; McKeever & Huling, 19702b, 197lab; Mishkin & Forgays,

‘1052), bas been interpreted as a reflection of left hemis-

there domlnance for the D*oceSSLng of *hws tvoe of material
(Barton eu.el 1905 Bryden 964 Dlmona 1072 Goodglass
& Barton, 1903, ﬁllllara, 1979, Kimura, 96la, 1966, 1973;
cheever 1871, McKeevev & Huling, lO?Oab l971ab) especi-

ally if single element material is utilized and/or the material

is presented at hreshola levels (oelow 50 msec.) so as to

_breluae the occurﬂence ol eye—movemenus and uhe influence of

alrectlonal Scan due %o reaallg habﬂts (see Bryden, 1954,

1960, White- 1969) 51 We have alreaay seen that there is

; extensive clinieal evidence that the left hemisphere is in

lacU more e?*1c1eno in the meaﬂatlon of such materlal. This

fact, coublea w1th the anatomical arrangement of the retina-

~cerebral connections (i.e., representation of each half of

the visual field in the contralateral hemisphere, see Fig.

2 which suggests that the EHF has direct access to the left
hemisphere, the LVF, direct access to the rlght) has been
forwarded as an explanation of the consvstent RVF sunerﬂorlty

obtained (e.g., Klmura, 196la, 1966, 1969}
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<
. Projection on Left ' ‘ Projection on Right' -
':\) _ Occipital Lobe ' " Occipital Lobe

Figure 2. Anatomy of the visual system’(from
Netter, 1964), : :

. ; ! . '
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_Howevér the ridd1e'of‘how these functional and

anatomical properties precisely determine visual field (VF)

asymmetries during unilateral presentation has yet to e

solved. One_ﬁypothesis that‘has been forwarded is that the

VF that drojects directly to;the relevant specialized hﬁmis—

phefe benefits from a more efficient transmission of in%ﬁrm; 2

ationlby the shorter -pathway to the analyzing center. In-

'formation.presented to the other VF would'have to reach the

r

analyzing center of that same hemisphere via the corpus
callosum or other forebrain commissures befoze being analvzed
(McEeever & Huling, 1971ab; Rizzolatti, Umilta & Berlucchi,
1971). Such sn indirect route would produce 2 longer com-
munication time and some dégradation of the original message;
or the tiﬁe factor may not be the critical variable, but the
tfansc&lloéal route itself, which may reduce transmissiod

fideliﬁy: ‘A second hypothesis postulates that any kind of

.stimulus input presented to one VF is brocessed by the con-

tralateral hemisphere, but -the speed and the accuracy of

brocessing 1s devendent upon hemispheric specialization. In
I g i e J¢ I

this view transmission of VF information from one hemisphere

to thé other would not be required (Geffen, Bradshaw & Wallace,

1971).72 4 thirg hypothesis recognizes the role of hemispheric

- speclalization in producing VF asymmetries, but ascribes the

role to -one of inducing attentional tendencies: when subjects

are aware in advance of the nature. of the stimulus material

(e.g.,‘if_the.métérial.is entirely verbal or spatial non-verbal,
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the subject'realizeé-this fact after only a few triais), this
awareness may produce preparatory activation of a particular
hemisphere. This activation in turn generates a detectable
attentional bias to the side corresoonding to .the differentially
activated hemisohere, in this cas:, the cont“alatcral VE-
(Linsbourne, 1870, 1372). This latter explanation will be
discussed in greater detail in the Section‘devoted to DL as

a measure of cerebral deminance.

Performance of subjects on modifications of the
uaChlStOSCODlC recall/recognition oaraoib (e.g., the divided
VF technique employed by Dimond, 1969, 1970, 1971, the bino-
cular fusion of digits studied by Carmon & Nachshon, 1973b)
have further supported the view of the greater importance of
the left hemisphere in terms of a general language analyzing
systen. -

iii) Dichotic listenine (DL). DL cemmonly consists of the .

presentotion by means of a sterophonic tape recorder oI ma-
terial of a common category to each ear simultaneously. The
subject is usuallf requested to report as much of this ﬁa—
Terial as he is éble. The rate of présentation and tho type,
amount and method of reporting the material (e.g., free order
of report vs. reportihg only from one ear or from a specific
ear) all may be varied (Netley, 1872; Satz, 1968).

As DL is the measure adopted for the current_theéis
research, a detailed discussion of DL as a measure of cere-

bral dominance for particular Types of information,including
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comparison with other experimental measures, will be pre-
sented, although deferred to a later section. It will

simply be stated a% this point that the tendency of material

presented to a particular ear to be recognized or identified

morelaccurately than material presented to .the second ear
when the same category of material is simultaneously pre-
sented to the second ear has been interpreﬁed as a ;efleqﬁion
of the dominance df the hemisphere contralateral tortpat par-

ticular ear for the processing of that particular “<vpe of

- material (Eimura, 1967).

In normal adults, a REA for the identification of

1 1963; Curry & Rutherford, 1967; Curry & Gregory, 1969; Dirks,

1964; Gorden, H., 1970; Inglis, 1965; Kimura, 1964, 1967;

Nachshon & Carmon, 1973ab; Satz, 196§ Satz, Achenbacﬁ, Fennéil
& -Pattishall, 1965; Schulhoff & Goodglass, 1969; Shankweiler -
& Studdert-Eennedy, 19675§Zu;if_&.3ryden; 1969). Tﬁe.REA
fof“digits was Sustaine@ even under difficult listening con-

- =

ditions (digits and white noise or digits and 50 msec. in-

-
[¥3

erruption, Knox & Boone, 1970), even when presentation %o

the right ear was delayed by 10, 20; and 50 msec. (Satz,

Levy & Tyson, 197095), or when responses were delayed for

one and three seconds (Nachshon & Carmon, 1973b), or when

the digit identification task was incorporated irto 2 signal-
. -

detection task (Haydon & Spellacy, 1974; Levy & Bowers, 1974).

REEA continued to be present even when a non-verbal response
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was'émplOyed (Broadbent & Gregory, 1964), when material pre-
sented;to the rigﬁt ear was 10 db. less intense than material
in the léft ear (Thompson, Stafford, Cullen, Hughes, Lowe-
Bell &‘Bérlin,_19?2) and when ear order of report was controlled
(Bryden,.1965,'l965, 1967; Eimura, 1967; Sats et.él., 1065;
Schulhoff‘& Goddgléss, 1969; Zurif & Bryden, 1669).

" A REA on DL has also been noted for identification of
other types of'verbal or verbal—iike material (words - Bartz,

Sats & Femnell 1967, Bryden, 1964, Curry, 1967, Curry &

Rutherford, 1967, Curry & Gregory, 1969, Dee, 1071, Dirks,

1964,_Higenbottam, 1973; backward sveech - Eimura & Folb, 1968:

nonsense svllables - Curry & Rutherford, 1967, Kimura, 196?;.

consonant varied consonant-vowel and consonant-vowel-consonant

syllzables - Berlin, Hughes, Lowe-Bell & Berlin, 1973a, Blum-
stein, Goodglass & Tartter, 175, Haggard & Parkinson, 1871,
Oscar Berman, 1975, Shankweiler & Studdert-Kennedy, 1967ab,
Sgellacy & Blumstein, 1970, Studdert-Eemnedy & Shaniweiler,
1970). The REL was maintained even when subjecﬁs were not
required to verbalize”the response (Kimura, 1967), whén syll-
ables were 10 db. less intense in the right than in the left
ear (Berlin et. al., 1973a), when only a particular ear was

to be reported (EKirstein and Shanlweiler, 1969) and whéther

- instructions specified before or after test trials that one

%as to report input only from a specific ear (Bryden, 1969).
Such results have almost invariebly been interpreted as a
reflection of the dominance of the left nemisphere for the

analysis of such materizl.
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A REA on DL has also bheen noted in the identification

" or recognition of non-verbal sounds differing in sequential,

temporal and rhythm cﬁmplexity (Hélperin, Nachshon &_Carmon,
1993; Papcun, Lrashen, Terbeek & Harshman, l97+ Robinson &
Solomon, 1974), as well as a larger REA for verbal materlal
demanding greater temporal discrimination than for verbal mater-

ial requiring less temporal discrimination (Allard & Séott, 1875).

' A11 four groups of researchers suggested that the hemisphere dom-

inance revealed on DL is related to elements more basic than ver-
bal vs. non-verbal (i.e., left hemisphere specialization for pro-
cessing and discriminating sequential, temporal elemenus ana

patterns). As noted earlier, Bosshardt and Hormann (1975)

- have reviewed evidence that supports the proposal that temp-

oral-sequential information procesSing.provides the basis of
the.laterality effect in the repfoduction of verbal auditery
materials.54 The observation of a positive correiation be-
tween REA for recognition of'non—vérbal rhythm sequence and
five manual tasks led Natale (1977) to suggest more cautiously
(as nas @imond, 1972) that there may be a common neurological
basis of some kind to manual skills and speech processes.
Although ear asymmetries in performance do not usually
appear unless the two ears are in direct competiﬁion'(as in

DL,see Kimura, 1967), REA in right handers for reacting %o

and identifying verbal material has been noted- when input 1s

restricted .to one ear at a time and the complexity of the task

is increased (e.g., Bakker, 1969, 1970 found the REA when

digits were required to be identified in the order presented;
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Morais & Darwin, 1974, found faster reaction to right ear #n-
put when categérization of cdﬁsonan%:yowel syllables was de-
manded). The REA has been found on ~ather monaural tasks:
sentences are recalled better at the right ear after dis-
traction or when a noise background is provided to the séﬁe
ear that is receiving the sentence (Frankfurter & Honeck,
1975; Jarvella & Herman, 1975).35

iv) Reaction time. Differences in reaction time in ident-

" ifying material uniléterally presented to the RVF or the LVF

_ LR :
may also be ¥mployed as a measure of ‘cerebral dominance (Geffen,

‘Bradshaw & Nettleton, 1972; Moscoviteh, 1975; Moscovitch &

Catlin, 1970). Response time to RVF input was shown to be
faster whén:the input involved identification of single letters

(Moscovitch & Catlin, 1970) and lirnquistic analysis (Cohen,

- 1972; Geffeén, Bradshaw & Nettleton, 1972; Mescovitch, 1973,

1976). Such results were interpreted as reflecting known
cerebral asymmetries for speech and language processing in
favour of greatg; involvemept of the left hemisphere (e.g.,
Moscoviteh, 1975\attributed faster reaction time to a shorter
transmission directly to the left hemisphere from the RVF, in
contrast to a longer transmissiorn route necessitated by s;ift-
ing of LVF input from the right to the left hemisphere).
Reaction time asymmetries to verbal and non-verbal
input presented to each ear have also been employed to detect-
cerebral dominance. A REA has been reported for hand reaction

speed and accuracy of monitoring of syllables (Springer,\l97l),-
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and during the presentatidn of a letter to cne ear, provided
the second ear received'noise (Springer; 1973), though Perl
and Haggard (1975). obtained such an effect only after several
.trials: However, Catlin and Neville (1976) obsérved the REA
even for 5u1mull Dresenued monau”ally and w1thouu rnoise in
the conuralaueral eye. . A faster: “eaCulO“ to rlgh* ear input

- was a%fo noted for the cla551¢1catlon o? sleaDLes (Morais

& Darwin, 19/4)96 and to _nlulaT pnones of syllables (Bever,
Hurtig & Handel, 1976) monaurally presented. Once again such
results were éeen as a reflection of the dominance of the left
bemispheﬁe for thé processing of this :type of material.

v) Electro-cortical studies. Differential electro-cortical

activity in the two hemispheres has also been 2 socurce of in-
ference concerning hemispheric dominance. Increased alpha
suppression in the left hemisphere (and increased alpha activ-
ity in the right hemisphere) during linguistic tasks, and alpha
suppression in the right hemisphere (and augmented alpha activ-
ity in the left hemisphere) during nom~verbal activities; ﬁave
been reported (Dumas & Morgan, 1975; Galin & Ornstein, 1972;
McKee, Humphreﬁ & lMcidam, 1975; Morgan, McDonald & MacDonald,
19715 Morgan, MacDonald & Eilgard, 1974; Robbins € Meidam, 1974).
“lpha subpression of a cortical area seems to Téflect inform-

ation-processing in that area since the appearance of the alpha

———

~
.

is thought to. indicate a "shut-down" of information processing - ~.
in that cortical area (Galin & Ormstein, 1872; Ornstein, 1972).

. Hemispheric differences in elicitation of auditory
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evoked pofentials for verbal vs. non-verbal input (gfeater
amplitude in left hemisphere to verbal stimulili; greater
amplitude te non-verbal stimuli in right hemisphere) have
s1so been found (MeAdam & Whitaker, 1971; Morrell & Salamy, |
Although the results of Haaland (1974) were ambiguous
concerning auditory'evoked potentials dgring DL tasks, Nevilie”
(1974) observed that digits on DL (which produced the.typical”
REA) elicited auditory evoked potentials of greater aﬁplitu&e
for earlier components and shorter latencies for later com-
ponents from fhe left than f;om the righé hemisphere. The
results were interpreted as providing strong support for the
hypothesis of hemispheric functional asymmetries, both in
terms of earlier behavicural (e.g., DL) anq'psychophysioiogical

evidence. (Morrell & Salamy, 1971; Wood et.al., 1971; Cohn, i

1971; leAdem & Whitaker, 1971; Fedio & Buchsbaum, 1971;

Buchsbaum & Fedio, 1969).

vi) Lateral eve movements (IEM). The tendency of subjects

to sﬁift their eyes to the right has been assoclated with ver- ;
bal, linguistic activities and dominance of the left hemis-
phere for processing of the cognitive input assoclated with
such activities (Bakan, 1969, 1971; EKinsbourne, 1372, 1974a;
Kocel et.al., 1972; Weitan & Etaugh, 1874a). Négative results
were reporéed by Ehrlichman; Weiner and Baker (31974).
The consistency of eye shifts in response to reflect-

ive guestions in turn was linked to higher scores on the

n
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Scholastic Aptitude Test (Bakan, 1969, 1971; Weitan & Etaugh,
1974b).58 The latter researchers suggested the attempt to re-
late incomplete cerebral dominance to intellectual deficits

should not be discarded (refer'to later literature review

" section entitled "The Development of Cerebral Dominance,"

specifically the po;tion of the subsection on the develcp-
ment of cerebral dominance in deviate populations dealing.
with the intellectually subaverage for more detailed dis-
cuséion of tﬁe topic of cerebral dominance and intellectual
deficits).

vii) ZElectroconvulsive theranv (ECT) ﬂemlEDh&”lC dominance

for language may be revealed by aegree of language disruption
when each hemisphere iS'sephrately elecurlcally Su_mulauea.

In right handers greater disruption in langusge functioning

immediately after leit hemisbhere stimulation occurred in

nearly every case (Pratt & Wé*rﬂnguon, 19?2) and in 70% of
left-handed subjects (Prati et.-al., 1971- Pratu & Warrington,
1972) Relatively more ekuenswve QlS“UDt’Oﬁ in word associ-

ation’ has also been’ renoruea 'ueI‘ECT ‘administeredto the left hem-
isphere to control depreSSLOni(Fleminger & Bunce, 1975).

viii) Other techniques. . The following methods have also

beeg suggested fo; asséssing‘cerebral deminance for language,
but in each case, little or no evaluative research has been
conducted: how an 1ndLVWdua_ holds his pen (ILevy, 1974);
presence of verbal ’t:"r'.s‘.ns;f.‘or*ﬂe."m07’1 effect which is the phe-

nomenon experienced when people listen to a word: or phrase
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Tepeated by a loop of tape (Peri, 1870); asymmetxles in the

free motion of the hands during speech (Eimura, 1973b); and

‘the tendency to return the eye to a Specified target DOSltlon .

in the dark (Heywood 1973).

Variations of DL have been cited earller in this re-
view (e.g., monaural Dresenbatlon, pursuit auditory tracklng
Of dichotically presented tones).-

c) Concluding Comment

It was noted in the introduction that language was the
first higher cognitive function that was found to _be asymmet-
rlcally Terresented in the cerebral hemlsnheres of man. Lang-
uage remains the best documented case for hemlsnherlc Special-
ization (Dlmona 1972; Nebes, 1974) and the most widely accepted
(Sma1l, 1973). -

2. The Right Hemisphere
2) Research on Clinical Populations

The_following auditory'non—verbal deficits have been
associated with right hemisphere damage: 1) loss of musical
abilities, especially with: Pighttemporal lobe lesions (Chase,
1967; Luria, 19735 Milner, 1962, 1967; sece reviews by Bogen,
1966Sh, Werthelm 196%), including depressed overall performance
on DL (Schulhoff & Goodglass, 1969; Shankweller 1966) and a
defect in Drocessing an element possibly basic to musical skills,
Tonal quality (Chase, 1967 Swisher & Hirsh, 1972 - see the
next subsection for further discussion of right hemisphere

specialization for music and its components). 2) Judgment
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of auditory duration, "ti@eﬁiefrors after right temporal
lobectomy (Milner, 1962, 1967, though Gordon, M., 1967, reported
more errorsafter lgft—sideﬁ lesions). 3) identification of
environmental sounds,such as coughing, whistling, cat meow-
ing (Spreen, Benton & Fincham, 1965; Vignolo, 1969).

Visual perceptual and visual-spatial impairments of
various types have also been observed after right heﬁisphere
lesions (see reviews by Critckley, 1969; Bogen, 196Sb): 1)
perception of visual non-language material - overlappin
figures (De Renzi, 1969), nonsense figures and irregular
visual material (Kimura, 1963a; Milner, 1967), line slope
(Benton, Hannay & Varney, 1975; Warrington & Rabin, 1970), number

of dots and incomplete realistic figures and letters (Warring-

ton & James, 1967ac), letters in a perceptually demanding

form (Scotti, 1969 - recognition of letters presented in
conventional form: —weXe more impaired”by left postericr
hemisphere damage), dof position (Hannay, Varney & Benton,
1976; Taylor & Warrington, 1973; Warrington & Rabin, 1870;
but non-supportive results from Ratcliffe & Davies-Jones,
1972), size of gap (Warrington & Rabin, 197059); recognition
of faces and facizl features (Benton, 1869; Benton & Van
Allen, 1968; De Renzi, 1969; De Renzi & Spirnler, 18966; De
Renzi, Faglioni & Spinnler, 19685 Hetaen & Anglergues, 1962;
Milner, 1968; Warrington & James, l967b;.Yin, 1870). 2)
visual memory - temporal ordering of visual events after right

frontal lobectomy and non-verbal sequencing and visual location
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after right temporal lobectomy (Milrer, 1971, l974f“%as well
as other visual membry defects (Milner, 1967, 1975). 3)
performance on visually guidgd maées and modifying behaviour -
on the basis of visual cues (Milner, 1967). 4) Visuo-con-
structive deficits.— copying 6f geometric figures (Bogen,
1969a), constructing block designs (Critchley, 1969; Hevaen,
Penfield, Bertrand, Malmo, 1956; but see note 39), handling
spatial aspects of writirg CHeéaen, & Marcie, 1974).

The hypothesis of right hemlsnhere dominance For vis-
ual-spatial processing is fu.thgr supparted ;rom split-brain
(dot enumeration - Teng & Sperry, 1974; copying geometric
figu:es - Bogen, 1969a; drawing ang constructing block de-
sxgns - See, Ca:zanlga, 1967, 1970, Sperrwv, 1968, and Nebes,
1974 for etten51ve revlews) and hemlsbherectomy stuQLes (Boéen,
196%a; Dlmonq,ul972 Kohr & Dennis, 1974ab), whether the brain -

a150ﬂaer leaalng to hemwsbhereCuomy appeared in 1nfahcv or ﬂn

_aaulthood. Observatlons oL snl*t—oraln and. hemlsbherectomy
- subjects has also suggesuea a T=1g1:|.“‘ hemxsohere sne01allaatlon

for visual and tactlle geometrlcal dlscrlmlnatlon, Derhans be- -

cause of the v1sual—sna ial requirements 1nvolvea Ain such dls—:
criminations (Franco & Sperry, 1977). |

The follow1ng uac*ual—spatlal dlre0ulonal a_d pro-
Drﬁocebtlve disturbances: have been reported subseguent to
rlght hemlsnhere les%ons ' tactually—gulded maze perf ormance,
(Corkln, 1965 1) tactﬂle recognition of direction (De Renzl,
Fangonl & Scotti, 1968 1970; Fontlnot & Benton, 19?1423‘

tactual 9—d1men51onal size and form discrimination (Weinstein,
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1964) and impairedztaétile sensitivity on both sides of the
bodv(BﬂllQ?#fb findings also supported from split-brain re-
arch (Levy-AgreSul & SDe rry, 1968; Milner & Taylor, l97é'
Nebes, 1971b, 1972, 1973; Zaidel & Sperry, 1973).
Riéht hemisbhéré damage has alsc been associated with

lower scores on nOﬁ-veroal *“ue111ge ce tests (Ande*son, 18951 ;

. A
Costa & Vaughan, 1962; Stark, 1061)4"r and inadequate emotional

‘reactions, such as passivity, complacency and general arousal

reduction, denial and lack of awareness ofdisability and

euptoria (Lezek, 1976; see Dobrokhova & Braghina, 1974 for

review of some releva“u, presumably Ru551an, literature).

Dobrokhovc and Braghlna (1974) also concludec that right
hemisphere lesiocns result in defic ibs in perceptlon of the
environment, space, Time and in self—perceptidn.45

Sperry (1968) emphasized that the inabilify of the
right.hehisphere of commissurotomy patients'fo express it-
self verbally (e. g-, words or chjecss DIOJeCuEQ to The right
hemisphere via the LVF or tactually through the le t hand

cannot be identified Ve*ba_lj) does not mean that this hemis-—

phere is "word blind", word dedf" or "tactually alexic”.

: Rather, the hemvsnhere disconnected from the hemLSDhere-

doeminant for language 1s able to comnrehena wrltten and

spoken language tTo some extent though this combrehension is

offten masked Decause *hﬁs combveheﬂ51on cannot be expressed

1o
by veroal response.

Thus, clinical stuales suggest the domlnance of the

rlgh* hemﬂsnhere for cevualn non—veroal audltory and tactile—
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visual spatial and spatial-directional Processes,which may ex-
plain, at least in part, the deficient performance on non-

verbal intelligence tests and other deficits noted in patients

-With right hemisphere lesicns.

b) Research on Normal Populatibns

i) Visual field asymmetries. LVF superiority for the
recogrition of certain non;verbal spatial material presented
unilaterally and vachistoscopically aC near threshold levels
has beeﬁ related to right hemisphere dominance for that
material (é.g.; direct projection to the hemisphere that
clinical research just presented has suggested is dominan+
for various types of non-verbal, spatial information oro-
cessing. The reade: nay want to refer to the earlier Dre-

sented brief descriptive rationale of this technigue as a

- Reasure of cerebral dominance).

‘The following types of tasks involving non-verbal

spatial material have ¥Yielded ILVF Tecognition superiorities:

dot and form enumeration (Kimura, 1966; Kimura & Durnford,

_l974),-localiéation of dots on a spatial rap (XKimura, 1969;

Kimura & Durnford, 1974‘?), enalysis of 3-dimensional spatial

information and identification of line slope (Durnford & Kim-

- ura), 1971; Fontinot & Benton, 1972*%; Kimura, 1973%a; Kimira
L& Durnfqrd, 19?449), re¢6gﬁition of block design (Schell &
‘Satz, 1970)50, théfgéentificatibn of complex forms of low

verbal association (Dge & Fonbinot, 1973 Fontinot, 1973°1),
reproduction of ddtted’figﬁies (McKeever & Huling, 19700)52,

and facial recdgnitiqn (Hilliard,ql973). Other evidence with
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- normal subjects also has suggested a right hemisphere super-

iority for facial recognition (Gilbert, 1975).55

It should be noted that many other types of non-ver-

‘bal visual-spatial material have failed to elicit VF asym-

metries (e.g., geometric forms - Bryden 1960, Brvden &
Rainey, 1069, Eeron, 1957; nonsense forms or certuln dot

arrays - Heron, 1957, Klmurh, 1966, Terrace, 1959; and various
other shapes and forms - Kimura, 196%, Kimura & Durnford, |
1978). L |

ii) Reaction-time studies. Reaction time *o unkmown

facial material (Biz;olatti ét.alf, 1971) and other'spatially-'
encoded material.(Kléts-%-& Atkinson, 1971 and two of threQ 
groups studied by Umilta, Rié;dlatti, Marzi, Zamboni, Fran-
zini, Camarda and Bérlpcchi, 1974) is shorter when'such‘
material'appéars in the LVF than when input islvia the R#F.

uoscov1ucn (7979) has reviewed several other reaction
time studies ‘that xnalca ¢ that the right hemlsnhere S D”O—_
cessing canab*ll** :or v1sual—spau1al mguerlal may be superior
to that possessed by the.left hemisphere. .

1ii) Dichotic listening. In normal populaticns a LEA on

DL has‘Been noted .for séveral'types of non-verbal auditory
material. A IEA Eas beén obtained for the identification of
environmental sounds (Curry, 1967, 196854) and the recognition

of non-verbal human sounds (King & Kimura, 1972), emotional

‘ iﬁtonation of both verbal (Haggard & Parkinson, 1971) and non-

verbal (Carmon & Nachshon, 19732) content, non-verbal "in-
- . L1
tonational ‘contours” (Blumstein & Cooper’~ even when the in-

-



#ey

FrTey

)

f

'REVIEW OF THE IETERATURE T - 33
tonations were part of a pPhonetic medium), pitqh pure tones
(Cu;ry, 1968; barwin, 1971; Spreen et.al., 1970) and. melodies
(Blumstein et.al., 1975; Cook, 1975; Dee, 1971; Higenbottam,
1975; Kimura, 1964, 1967; King & Kimura, 1972; Schulhoff &
Goodglass,11969; Spellacy, 197C), even when the compariscn
~musical stimulus was not presented for five seconds after
thezstimuius presentation (Spellacy, 1970; ‘Spreen, Spellacy

‘& Reid, 1970, though the IE4 disappeared at the longest S-R
-levelvﬁf l; sec. )'a_d eveu‘hhcn ear order of report was con-
rolTea (Schulho?f & Gooaglass, 1960) Such results have
been 1nte*nreuea by thesé authors as a re¢lecblon of the dom-
inance oF the rlaht nem;snnere for the nroce551ng or such
aud' cory uon—veroal mauerﬂal. |
 Gordon, E: (1970) found that she LEA for music re-

cagn lon wWas snecif;c ally re 212 ted to chorqal_ﬁouncs (rich
timbre, ana uonal cuallules devova of all tembor a2l aspects

of nus$c) Neloaﬂes lacklng ulmbre and tonal qualities

fa 1lea boﬁellc;u ear asymmeu*v Gordon (1970) *eTauea the
ZﬁAvtd T gh* hemﬁsnhe“e dominance for analjsls 0f pitech vari-
ationé a hyp OuheSlS in agﬂeemen* with the clinical data of
Mllner (1967) and Bogen and Bogen (1969) whidh seemed to pin-
Doint the basis of 4"r"e right hemLSDhere music srvecialization
to analysis of musical tonal Dﬂtcn of a complex nauure.55

iv) Electro-cortical research. ﬁuring the DPerformance of

linguistic, spatial and musical tasiks relatively less
s ST 5 7

electroencephalogram alpha activity occurs in the hemisphere
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tﬂg% reseéﬁch earller rev1ewed has suggested as the more im-
portant for that type of information processing. The Tele--
vant observation in the present context is that relatlvely
less albha is present 1n the right hemlsoherc ‘when subaects
engage in soatlal (Dumas & Morgan, 19755 Galin & Ornstein,
1972; Morgan et. al., 1971: Robbins & McAaam , 1974) or
musical tasks (McEee et. al., 1973). ‘

Hemispheric differences in audiforv'evoked Dofent* al
activity for aon-verbal vs. verbal input (g*eate¢ uleloude in

right hemisphere to 2on-verbal Sulmull. greater amplitude to

verbal input in lefs hemisphere) have also been noted (McAdam

& Whitaker, 1971; Morrell & Salamy, 1971; Wood et. al., 1971).

V) Tactual asymmetries. .In two Separate experiments,
Hermelin and Q'Connor (1971) found braille readers to be more
accurate in reading with the left hand. They sneculﬂtedrthat

The input may be analyzed as a spatial ltem in the rlgh* hemis-

"

.Dne*e DrlOI to any verbal brocesswng in the lef: hemisphere.

‘Benton, Levin and Varney'(l975) cbserved supeiicr
tactile recognition of direction by the left hand in normal
adults. Wluelsoﬂ (79‘71L in Dress) 51m1larly noted superior
recognlulpn of nonsense_shapes bresented to the left hangd (right

-

hemisphere) of males of 6-14 vr. when the two hands were simyl-
tanecusly presented with a different ronsense shape.
In a2dults in comparison with right side sensitivity,

lower pressure thresholds have been found for the left Thumb,

left palm, left forearm and foot (Murﬂay & Hagen, 197%; Wein-

Stein & Sersen 196156) The greater left thumb sensitivity
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may even Be present in 6-9 yr. olds (Ghent, 1961; Kimura,
1963b). Weinstein and Sersen (1961) provided indirect evi-
dence that the lower pressure threshold of the left fhumb
is related to the greater role of the "minor" hemisphere in
pressure sensitiﬁity.

. Howeﬁer, Nebes (1971a) failed to find a greater left
hand superiority or a tactual performance task and failure

to observe hand pressure perception differences has also

"been reported (Carmon, Bilstroﬁ & Bentcn, 1969; Fennell,

séxz & Wise, 1967). After citing a few.of the above and
other studiés, Blakemore and Iversen (1972) concluded that
evidence is contradictory concerning the -presence of pressure
perception and other somatosensory asymmetries.

The present reviewer would suspect that one factor
in scme of the contrary evidence concerning the Presence of
somatosensory asymmetries is the confounding of tactual-
tactile sensitivity with spatial and spatial-directional
dominance {e.g., many of the studies findiﬁg-tactual'gsfm-
metries utilized a spatial—directidnal task). -

vi) Lateral eye movements. The. tendency of subjects o .

shift their eyes to the left has beeg associated with non-~
verbal, non-language spatial tasks and dominance of the right
hemisphere in mediating such taské, comparéd to right direct-
ional shift iﬁ relation to left hemisphere mediated tasks
(Bakan, 1969, 1971). However other studies investigating

eye movements asSociated with non-language tasks have pro-

vided much less clearly supportivé.(Kocel et. al., 1972;
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Kinsbourne, 1972; Weitan &'Etaugh, 1974a) or clearly negative
(Enrlichman et. al., 1974) results.

+

¢) Uncertainties Concerning Right Hemisphere
Functional Specialization

Although the above review of research pertaining to
right hemisphere functioning suggested a fair amount of
clinical and ex?erimental éupport for right hemisphere func-
fional specialization, many non-supportive studies were also
cited éither in the main text or in the notes. For this and
other reasons, the hypothesis of fight hemisphere special-
ization still encoﬁnters skepticism;-

éogen (1269b) enumerated some argﬁments that caution

zgainst acceptance of the view of right hemisphere speciali--

zation: the use of non-verbzl "performance" tests to assess
hemispheric functioning, though such téSts were not originally
devised t@ detedt.lateralizatiqn of cerebral activity; the
selectiocn problem'wﬁen-one'attempts to compare right vs. left
hémisphere'lesion groups, with the very réal_possibility that

right hemisphere lesior groups may contain more seriously

damaged individuals (e.g., since language symptoms often

accompany l1léft hemisphere tumours, such subjects may be re-

ferred at an earlier stage in the development of their disease;

also,'right hemisphere damage may be associated with more

radical surgical.intervention because of the lessened possibil-

-5

left hemisphere defects by intellectual disorganization often

associated with dominant hemisphere injury; inability of cer-
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tain left_hemisphere lesion patients (since circumscribed de-
fect in awareness in lefd hemisﬁhere) to be aware of such
symptoms as the visual illusions more often reported by right
hemisphere lesion individuals. '

One must also consider the arguments of Semmes (1968)
concerning the physiological organization of the cerebral
hemisphereé and the possibility that such organization may
produce a type of 'pseudo-dominance”. On the basis of results
from several studies-investigating lateralized lesion effects
on sensory and motor capacities of the hands (e.g., damage in
the left hemisphere tending to prpduce”iocalized disturbances
iﬁsilaterally or contralatgrally,:whereas right hemispheré
damage inte}fefes more diffusely ééth performance), Semmes (1968)
postulated a parallel difference;in physiological organization
of the two hemispheres: Zfocal representation in the léft
hemisphere and diffuse representation in the right hemisphere.
Thus:

t is proposed that foézl representation
of elementary functions in the left hemisphere
favors integration of similar units and conse-
quently specialization for behaviours which
demand fine sensorimotor control, such as /;>
manual skills and speech. Conversely, diffuse
representation c¢f elementary functions in the
right hemisphere may lead to integraticn of
dissimilar units and hence specialization for
behaviours reguiring multimodal coordination,
such as the various spatial abilifies....

It is clear that in the focally organized
hemisphere (¥), even a small lesion, if
crucially placed, will produce deficit, where-
as in the-diffusely-organized hemisphere (D),

a similar lesion will have less or no effect,
and the same will be true for any small D
lesion, regardless of its location. Thus for

a unitary function investigated with relatively
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small lesions, F will seem %o be the dominant
hemisphere. Only massive or complete lesions -
of ¥ and D will produce similar effects and
Thereby dlstlngulsh this condition from true
dominance.
1f one considers a more complex form of

behaviour, however, one which is not unitary
but whickh is based on two or more 1ndeoenaent
factors, the D hemisphere may seem to be the
dominant one. This will.be- so Because lesions
cf different loci in F can disturb one factor
without having any effeét on the others, where-
as lesions in D will either disturb all or
several of the factors concomlta,tly, if the
aamage i1s sufficiently extensive, or will fail
to disturb any of the factors. Thus‘xhe most
severe deficits in the behaviour, as well as

" the least effects on it, will resul# from D
1esmns (Semmes, 1968, DD. 11, 19-20).

But even this hypothesis has not been supported by \
subseguent emnirical evidence' Corkin, Milnerx and Rasmussen
(1970) and Corkin, Nﬂlner and Taylor (1973) both found per-
sistent sensory loss to occur only with Tesions in the post-
central gyrus 05 eitheﬂ hem_snhere, with no evidence of more
diffuse deficits and more diffuse somatosensory functioning
in the right hemisphere.

iurla (1973) has also warned that the brain appears
to act as a functional whole. If so, les;on of an area that
is part oilthe system may disrupt the whole process and create
the appearance of localization in that area.

4

Such cautibns emphasize the danger of inferring hemis-

pheric snec1allzau10n in the normzl brain ?rom stuay of the.

pathological brain. Nebes (1974) arguea that Observation of

A

split-brain Datlents offers great nromﬂse because their hemis—

pheres are relatlvely intact" and available for independent

assessment. In such patients, one may-determine relative dis-

»

———



P

-

(-

REVIEW OF THE LITERATURE 59
abilities assoclated wi%h Iafe:alized brain damage.

However, commissurétomies are usually performed be-
cause of intractable epilepsy (Nebes, 1974), and one céﬁ
never be very confident about the normality of the development
of .hemispheric specializafion in such a situation.”> MOS-
covitch (1973) has suggested that an accurate picture of brain
fuﬁctibning in nérmal individuals can in all probability only
be derived from the study of normal (i.e.4 brain-intact) ini
dividuals. Several experimental techniguées that permit such
studies were cited by Moscovitch (1873), with particplar stress
laid on the potential of reaction time techniques in revealing
absolute, rather than relative performance levels of the hemis-
pheres on verbal.(an pfesumably other) tasks.

d) Concluding Comment

In addition %0 the reservations that should be held

‘concerning speculation of right hemisphere functioning in the

normal brain based on extrapoiation from studies of the
pathological brain, it should alsc be emphasized that experi-
mental findings in normal populations have failed to yield as'
Eonsispently positive resulfts in regard to measures thought

to reflect specialization of the right hemisphere for non-

verbal, non-language information processing compared to measures .

thought to reflect left hemisphere specialization for verbal,
language information processing (in addition to the studies
reviewed to this point, see Bryden, 1976b; Geffen et.al., 1972;

Milner, 1971: Small, 1973; White, 197277).
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5; General Cemments

Although a summary'statement of the specialized nature
of hemispheric functions may be formulated in terms of single
'words or phrasee, such as;verbal ve. non-verval and spatial or
language Vs. non-language, such descriptions are not entirely
adequéte. NOn—verbal ie more adequate than spatial beceuse
the specialization of the right hemisphere seems not to be con-
. fined to.spatiel fuﬁctioniﬁg or a specific modality, but pro-
cess&ng of non;verbalrinput generally-(see‘Bogen, 18690 and
‘studies revealed to this point).oC Bogen (1969b) pointed ocut
_ehat'hon—ferbal 1s not a completely adequate term for several
reasone_(e.g;, the'distinguishing feature of major hemisphere
funCtieﬁing ie'not the possession of words, but the utilization

ropositions; Bogen, 1969b attributed the dis—
61)

of words i

I3

ge}

tinction to'Hughlings Jackson. . DBogen (1969b) thus advo-

caved the term propositionzl for left bemisphere functioning,
but suggested the term appositional in place of the Jacksonian
Ttern "automatic" for the right hemisphere's use of words.

The right hemisphere recognizes stimuli
(including words), apposes or collates this
data, ‘compares this with previous data and.
while receiving the very same stimuli as
the other hemisphere, is often arriving at.
different results .... ‘

The difficulty in characterizing the
ability of the right hemisphereb2 arises:
from our ignorance. - we have barely scratched’
the surface of a.vast unknown. We would do -
well therefore.to choose arbitrarily a word,
homologous in structure with the word "propos-
1tional" but sufficiently ambiguoys to permit
provisional use. Fbr example, we can say that
the right hemisphere has a highly developed

. ‘appositional” capacity. This tern implies a
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capacity for apposing or comparing of percep-
tions, schemas, engrams, etc., but has in’
"addition the wvirtue that it implies wvery little
else. If it is correct that the right hemis-
phere excels in capacities as yet unknown to
us, the full meaning of "appositional” will
emerge as these capacities are further studied
and understood. The word "appositional" has
the essential virtue of suggesting a capacity
as important as "propositional", reflecting a
belilef in the importance of right hemisphere
functionn;f(Bbgen, 1969b, pp. 148-150).

41

The presen%\reviewer would add that the verbal vs.

non-verbal distinction is inadequate because the left hemis-

phere's specialization is not comfined to verbalized material

or words or even words in preopositions, but seems to include

languagé in general, whether verbal, written or in other

forms (e.g., gestural), if by languasge one means a general

system of communication and symbolization. The left hemisphere's

specialization may include the symbolic function, in the

sense

utilized by Piaget to refer to general forms of representation,

the general ability to represent reality in thought (repre-

sentational thought) and distinguish bebtween signifier and

significant (see Flavell, 1963 for a description of Piaget's

distinction between syrbolic and language functioning).
1f the left hemisphere spégialization in turn is

pendent on a more elementary specizlization, such as for

sequendrg and/or fine motor.movement, perhaps such a more

elezent is crucial in 2all forms of general communication

representational thought (e.g., time, sequence and motor

de~
timing,
basic
and/or

in-

volvement al the receptive and processing level for concrete

vs. symbolic and abstract thought, as well as at the expressive

h]
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%evél—for fine motor movement involved in expressive speech
and gestures). ' : .

The nature of the information processing that each

hemisphere seéms to be specialized for has also led to hypoth-

. €ses concerning the right hemisphere being specialized for

wholistic, Gestalt, integrative perception, the left hemis-

~bhere for logical, sequential (linear), analytical and cate-

63
C. The Development of Cerebral Dominance

This section will review research on normal and de-
viate populations relevant to the development of hemiépheric
functional specialization; the Possibllity of sex differences
in such development will also.be considered.

1. Research on Clinical Populations

There is ample clinical evidence of an increasing
left hemisphere lateralization of speeci and language function
with age in childhood with = paralleling decrease in "plasticity”
in terms of the ability of the right hemisphere %o assume the
functions that are becoming increasingly lateralized in the
left hemisphere. However, the ‘complexity of the human brain
and of inference of functioning on the basis of elinical (and
non~clinical) data, hopefully obviocus to the reader by this
point., is clearly illustrated by the conflicting schools of
thought about the specific age of completion of development
of hemisphere specialization for speech and language. On the

basis of freaquency of occurrence, severity and degree of re-
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covery from aphasia and speech disorders associated with

.cerebral trauma difiering dependiﬁg'upon the occurrence of

trauma in children in contrast to adults (e.g., critical

uppet age limit for cerebral insult onset and successful

Tecovery from any resulfant aphasié'syﬁptoms), cerebral
dominance is thought by some to be completed by 1C-14 yr.

of age (Basser, 1962; Chase, 1972; Bttlinger & Blakemore,
1969; Geschwind, 1968; Hetaen, 1976; Hurwitz, 1971; Lennebers,
1967; Penflela 1965; Penfield & Roberts, 1059 Smlun 1972,

Sugar, 1952) A more specific formulatlon is *hau a new-

born with damage to the left hemisphere develops language

normally with the right hemlsnhere (or w1th other unaamagea
portions.of the left hemisphere), a 2 .- g year old may lose
language to some extent after lef hemlsohe“e lnaury but
quickly recovers (Dimond, 1972), sneech is very rarely.aff fected
by right hemisphere lesions occurrlng beyond the age of 5 '
(Lenneberg, 1967, Kﬂnsoourﬂe, l97+b), but beyond Duoe?uy fe—

covery from aphasia after left hemisphere- insult is always

.limited or non-existent (Lenneberg,_1967)65. In fact, if the

age of injury occurs during theé first few years of life, no

aphasia of any kind has o?tén'béén noted, regardless of side

" of 1e51on (Basser, 1862; Card_ﬂer et.al., 1955, Erynauw, 1950
| wche, 1961; Piercy, 1964; Wilson, 1970)66

A second school of_thought iS‘repreSented.by Erashen
(l975a)'wholsuggested-that Taterallzatwon may be comnleue as
early as the agé/of 5 3., w*th t”ansfer oelng rare affer thls

age, altkhough perhaps st'lll.'| DOSSlee until Duberty (though he
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felt data %o be rare concerning recoveryhafter a unilateral
lesion occurring between 'S yr. and puberty)

re-interpreted the. data of Basser

Krashen (1973z)
1962'(seelbelow), arguing
that the oldest child studied by Basser to show any speech

disruption after right hemisphere damage was 5 yr. old. Thus,

Erashen (1973a) noted that completion of lateralization and
Transfer may ﬁot be directly linked.

Results from the study.of hemlsnhereCuoml zed patients,
persons mho have unaergone Tthe surgical removal of one of

thelr cerebral hemlsnhe”es w1ll ﬂOw be discussed in some de-
tail as an 1llustrauloﬂ of ln_erence of the Dresence of

lateralized language functioning- ?rom study of the damaged
brain.

Inportant independent variables in.these situations

are age when the heémisphere first became diseased (Smith 1972)
and the anatomical and functional integrity of
strectures (Smith &'Sugas

12 .the remaiﬁing
1975)7. |

In an exten51ve report of the effects of unllateral
lesions (102 cases) and subsecuent hemlsnherectomy (35 of the
lO2)cxz£@eech development, Basser (1962) found that 13 of 15
left lesion (87%) and 7 of 15 right lesion occurrences (&47%)

after the acqulsltﬂon of speech’ (about 1-10 yr.:old) were
associated wlth some alsturbance of sneech (

these percentages
are T=oug]:>.l;y' combarable to dlsrubulons found by Hetaen, 1976
in a study of oaulents of”

T'ov.lg;hly similar age whose unilateral
lesions did not necessa*11y lead to hemwsnhe*ectomy)

There-
fore 65% of those suffemlng speech dlstu*bance (13 of 20) had

left hemlsnhere lesions and 95ﬁ had rlght hemlsnhere lesions.

£
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Extent of recovery was not-descrived clearly by Basser, but
Hevaen (1976) found disturbance to be feﬁpprary in 2ll child-
ren, recovery varying from-a fewjdajs te 2 yr., independent

of side or site of lesion. 'In thos¢ situations studied by

"Basser (1962) where the lesion occurred before onset of

speech (usually before one jr., ﬁmost,frequently in the first
six months”), no statistical difference was noted for age of
onset of speech between the 1eff,(54 cases) and right (38
cases) lesion groups.- As Krashen (1975a) khas pointed out,
since the oldest child suffering speech ;;Eturbance afteﬁ
right hemisphere lesions was 5 jr., the results suggest thét
speech lafteralization may possibiy be complete by this age,
and certainly that some specialization has occurfed before
the‘age of 10 yr., the age of“ﬁhe oldest child at lesion on-
sev 1n the study and The age emphasized by Basser and several
subsequent commentators.68 4 similar pattern was described
by Wilson (1970);

Basser (1962) offered three possibilities for. the.
development of cerebral dominance for speéch:‘ initiaily both
hemispheres are involwved with subsequent lateralization in
most cases (based on fairly high incidence of childhood
speech anomalies after right hemisphére lesion compared to
adults); left cerebral-laterality for speech from birfh.
(based on occurﬁence of extensive lesioning of the right’
hemisphere early in life without alteration of speech develop-
ment); right cerebral dominance for speech from birth (based‘

on patilents suffeiing from left hemisPhefe lesion early in

s
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life without disruption of speech development). Basser (1962)

stated that the first Dossibility is the most prevalent, and

the third possibility the rarest occurrence.

In his discussion of the data reported by Basser

(1962) and the view expressed by Penfield (1965) concerning

the equipotentiality of the cortex at an early age ("the un-

committed cortex"), Dimond (1972) cited what he termed the

prevalent view that speech dominance appears prior tec, and

as a facilitative agent for, speech development. 3But Dimond

(1972) disagreed with this view:

The evidence suggests, however, that

lateralizatio

n of the speech processes follows

only after 1la age acquisition has occurred
N3 angu J

2s the result

i so far as we can Jjudge of

intense bilateral activity of the brain ....

At the stages

at which the child is learning -

about language, the cerebral hemispheres show
equipotentiality, at a later stage the child
is learning to use language and it is at this
time we witness the lateralization of the
speech processes. (p. 168). <

Basser (1962) and Lenneberg '(1967) appear to concur with this

view.

Dimond'(197é)

also stated that motor fundtions in per-

sons who develop cerebral pathology in one hemisphere early

in life are not greatly affected by removal of that hemis—-

-

Dhere. Until a certain age, the potential remains for re-

learning and transfer of motor functions from one hemisphere’

to the second hemisphere. In his discussion of the effects

of hemispherectomy,

and in his general speculations on this

topic and at otker points in his book, Dimond (1972) indicated

that he believes that speeck specialization does not become
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completely consolidated and-that functional plasticity and’

transfer or re—learniﬁg qf'speech is the rule rather than the
exception until adélescence.

Gott (1973) has also prgvided evidence of plasticity
in the yonger brain. Iin & stud} of the cognitive abilities
of three hemispherectomy patients (a l2jyr. old who exhibited
a left hemisphere maliénancy discovered at age 8, a 16 yr.
old who developed status epilepticus in the right heﬁisphére
at age 6, a 3% yr. old whose.right hemisphere became diseased
and removed at age 28), Gott Cl975) reported evidence that
after righv hemiépherectomy in the mature brain (the 34 yr.
old patient), the left hemispheie mairntained its.marked pro-
ficiency in verbal compared to,nanverbal cognitive functions.
However, in the developing younger‘brain‘(disease éppearing .

at 6 and 8 yr.), regardless of which hemisphere was removed,

less difference was present between abilities in verbal and

non-verbal functionsd though these two subjects performed ac

?

2 generally lower overall level.

13

Iszacson & Nonnemaﬁ.(l975)_disagreed‘with what they

described as the prevalent‘viéw‘that brain injury tends to be

less erllltatl g in direct Dronortlon %0 the youth of the

.organism. These autnors DOlntea out that suuales of motor

activities after braln aamage in early life vs. later have
tended to support tThis prevalent views; but when proper be-

havioural criteria are applied, behavioural impairments after

early brain damage are oiten fully'éS'large as after later

damage. Rudel and Teubfr (1971) and Teuber (1972) also ex-



. ,./—-q‘

"a

REVIEW OF THE LITERATURE s
pressed reservations concernlng this prevalent v1ew. 9 Such
reservations are ‘not necessarlly in conflict w1th the state—'
ments of Dimond (1972),. or those .of Lenneberg(l9o7)7 if
behav1oural crlterla are snec1£1ed and one carefully dlstlng-
uishes between the types of abllltles tha» suffer and fall to

"suffev Dermanent debllltatlon.
Ip this regard Morgan: (1065) a*stlngulshea beuheen

sensory and motor deficits on the one hand and 1ntelllgence

test performance on the other hand: the-younger the age at
which brain injury occurs, the greater the subseguent recovery

Qf sensory'and motor functions, but the- greater the: impairmenb

on 1ntelllgence test nerfo*ma“ce 71

< . Mo*gur (1065) also alstﬂngulshea betweep verb“l and
s

oo
nonlgerbal aspects. of tellwgeﬂce tests. He state at in—A

jury ear 1y in lee is associated wlth lowev scores on ve*bal
'kﬁun@ non —verbal ﬁﬁsks, but those injured in adolescence show-
Sy , , : :
an 1mma=rment only in EOﬂ—ve*bal tens if‘ﬁhé lesion is not
snec1f1cally in the s*oeec’ﬁ area. 72 Morga“ (1965) explained
these age aenendenu results in terms of hemispheric Spec1a11—
ation of function and the difference between learning ability
and retention of information already learned. Children suf-
fering brain injury at a young age ére abI@ to iearn or re-
learn speech, and though their IQ's tend to remain low, they
exhibit none of the speech engd language disabilities observed
in the older individual suffering recent injuries to the
hemisphere dominant for speech. ;

o~

However, even when children’are separated into rigﬁt

-z
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vs.. left hemisphere lesion groups, verba; and non-verbal scores
‘tend to be lower than in the child with an i@tact brain, ﬁith_
no éigniiicant difﬁeienCes between verbal and non-verbal per-
formance (Annett, 19733 Pennington, Galliani & Voegele, 1955;
Reed & Reitan, 1969; - non-supportive findings, Fedic & Mirsky,
1969). Pennington et. 2l. (1965) and Reed and Reitan (1969)

_ actually implied thaf‘the lack of difference in verbal vs. non-
'verbal scores in %héir‘samples of.children in contraét to the
verbal ys. non-verbal écore digcrepancies-fairly cdﬁsiétently

" noted in-adults with lateralized lesions on thé Wechsler—

‘Bellevue or the Wechsler Adult Intelligencé Scale79 may be due

ct

0 & lack of verbal vs. non-verbal functional brain laterali-

ation in children.

Pty
S

¥

-

This type ofvresearch fthus suggests that brain injury
_— - - oA
E TR

produces a.global inﬁéllectgéi deficit in the young child re-
gardless. of side of lesion, while more specific types of in-
tellectual deficit (e.g., verbal vs. non-verbal) occur with

laterélized brain damage in the adult. :

In terms of the overzll discussicn of developing’

lateralization and its comsolidatim in childhcod, this

ferential verbal-nonverbal intelligence test

vs. adults suggests the follow-
plasticity the child's brain
is able to re-organizé—ifself So that the verbal or non-verbal

function that would have been expected to become lateralized

N

in the hemisphere that sustained the lesion if the lesion had not
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" occurred instead becomes laterallzed in the opposite, 1ntact

hemlsnhere.7 * The 1ntact hemlsphere thus fails to snec1a11~
as ettens1vely (or because of nlast1c1ty is ‘able to reduce
its specialization) as it would have w1thout the lnaury. How-

ever, this mediation of verbal and non—verbal,proce551ng with-

in the same hemisphere is accomplished at the expense of loss

in overall intellectual functioning (see Milner, 1969). In
the adult, the undamaged hemisphere is not capable of assum~
ing‘the'functiqns that had beer nediated by the damaged hemis-
phere. The result is a deficit in the.verbal or non-verbal
intellectual skill previoﬁsl§-mediated by the now damaged
hemisphere. However, the,undaﬁaged hemisphere mpaintains its'
specialization for the Processing of the type of inférmation
for which it has become specialized without the ;pterference
caused by an acceptance of‘additipnal information processing
responsibility: The result is a maintenance of thove abilitie®
mediated by the intact henisphere (normal probability-of fhe
relevant verbal“of non-verbal @ﬁtellectuel‘abilities.falling
in normal range) and a reduction in the abilities mediated by.
the injured hemisphere (relauﬂvely lower corresponding non-
wErbal- or ¥erbal IQ). 75

In discussion of the capacities of the cerebral

iy

hemisphéres of split-brain patients, Cazzanlga (1967) observed

-

“that the extent of adult right hemisphere 1anguage is in no

way comparable to that present either in the left hemisphere

of the adult or in the child's right hemﬂsnhere.
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Up to the age df 4 or S0, it would appear
from a variety of neurological Observations,
the right hemisphere is about as proficient
in handling language as the left. Moreover,
studies of the child's development of language
and particularly with respect to grammar, )
strongly suggest that the foundations of
grammar - a ground plan for language, so to
Speak - are somehow irherent in the human
organism and are fully realized between- the
2ges of 2 and 3. In other words, in the young
child each.hemisphere is about equally
developed with resp@ct to language and speech
function. We are thus faced with the inter-
esting question of why the:right hemisphere
at an early age and svage cf development
DOssesses substantial language capacities,
vwhereas at a more adul: stage- it possesses
a rather poor capacity. T 1s difficult to
conceive of the underlying neurological
mechanism.that would ailow. for the establish-
omedt of a capacity of a high order in a par- .
ticular hémisphere on = temporary basis. The
implication is thas during maturation the pro-
cesses and systems active in making this cap-
acity manifest are -somehow inhibited arddis-
nantled in the right bhemisphere and ‘allowed .
EO'res§de only ir the dominant hemisphere.76" -
p- 27). "

Whether the right hemisphere capacity is dismantleg

’

Or merely inhibited in the course of development is an

4

intriguing question. Bogen (1969a) has stated:

The agraphia [ a typical defect of the left
hand of $plit-brain patients described by
Bogen, 1969z is evidently the result of =z
lack Cor inhibition) of functiorning connections

. between intact gnostic and intact effector ele-

rents of the right hemisphere. That some acy-
ive inhibitory process is involved is the more
attractive hypothesis since it suggests that
we may find a specific method %o enable the
Tight hemisphere to write (or speak) after
left hemisphere damage. This notion implies
that as a partiecular function comes to be

- Drogressively more zc¢tive in one hemisphere,

it is progressively more inhibited in the
other; and it is concelvable that release from
inhibitory process would uncover a capacity
which has been Suppressed rather than lost.
(p.102). :
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+  Geschwind (1968, 1969) argued in a similar vein when
he speculated that the right hem*sphere may be prevented from
fullﬁiartlclnatwon in language act1v1ty unless 1nh1b1tlon by
the 167t bemisphere is removed by apnrox;mately age 12 (1968),

.*end that the right hemisphere lgéiﬁnf functioning is a pro-
’blem of re?f'@val (1969). . Phe model of functionalllocaliéation
(Moscoviteh, 1973) also is an iﬁhibitory model: removal of
the aominant hemispheré's influence (e.g.,_in split-brain or

_\hemzsnherectomy pat 1ents) releases the latent caﬁacity of -

the right-hemssphere;77 ‘

ther researchers ave also speculated about the age
at which speech specia 11 ation. may oecur. - On DL Netley (1972)

observeq That hem’SDhO”eCuO&lqu pvatients who Suffered in- °

N

fantile 1nau_1es (au a2 mean age of 17 monthé) identified fewer
: Gigits presented to the ear ipsilateral to the remginin hemis-
?here, than did the congenitally injured. These results were
interpreted as.indicating that injury in infanéy has a re-
latively Derma*enu effect Oﬂ the canac1tv to identify dichotic
mgterial presented to the ear ipsiléteral to the remaining

hemisnhere. This Datuern in 'tu.r*1 wWas relatea to the Dresence

s
of some left hemwsvhe speech spec1a11zation and some pre-
dominance of contralat / vs. ipsilateral auditory rathways,
both of which are irreversibly established as early as 17

»

months (Netley, 1972). ' : L -
Lo Similarly, Bogen (1969%) cquoted a statement that the-
- - two hemispheres are egpipotentiai Oor nearly equipotential byl
the'ége ofhimﬁial speech accuisition and that lateralization

"
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begins in the second year in parallel witkh speech dCGulSlth“ 78

-Bogen. (1969b) also added *ha* his speculations concerning an

appositional mode of thought also imply that the hemispheres’

are equipotential for this function initially. 3Bub the
/ ' :

appositional mode is freer %o exploit the intellectual rotent-

-~

ial of the second hemisphere as the ability to propositicnize

. . s o . . Q
' Degins to become specialized in the left hemlsphere.T“

It has also been reported that the lateralluy of

brain lesions of early onses (e.g., infancy)} leading to

hemipiegia and hemispherectomy is relevant for speech defects
(more defects in right h 4p1§gicé‘— Annett, 1973) of a subtle
receptive nature (Deﬁni 'Koﬁn, 1875 - better performance in
those having undergone right_bpmispherectomy than those ha%ing
undergone left hehispheréctomy) _(pérlier research on the same
sample (Eohn & Dennis, l9?4b)“ieé Dennis & Kohn (1975) %o fon—
clude that extenéive early right hemisphere damage did %/» re-
sult in a completé—le hemlsnhere compensation, since right
hemispherectomy patients failed +o handle spatial tasks as
well as left hemispherectomy patients. Annett (1973) com- -
cluded.thét factors inducing left hemisphere specialization

can't be fully compensated for in some when early left—sided

lesions. ocecur, and That "the factors inducin Teft hemlsbhe*e
b

lang e specialization appear *o antedate infantile cerebral
Langu DX

lesion and to be remarkably resilient in the face of early

=

lef amage" (p. 24). The finding of Dennis and Whitaker
(1976) of deficiencw of two left hemispherectom patients in
J Y

several language areas, in comparison with a right hemis-

i



%

=

- REVIEW OF THE LITERATURE : 54

nherectomy patient, though hemispherectomy occurred before
speech~onset in all threé cases, led to the conclusion that
"Language development in an isolated right hemisphere, even
under seizure-free conditions, results in incomplete language

acouls\tlon (D 404 .

Thus, the above studies (Amnett, 19735; Dennis & hohn,
1975; Dennis & Whitaker, 1976; Kohn & Dennis, 1974b) renortea
that very early e\ten51ve iateralized brain Dathology in
either hemisphere did not allow the other hemisphere to handle

certain -functions as efficiently as would have been the case

_*T such functYons had been handled primarily by the hemis-

phere ordinarily dominant for those functicons, even in the

comnleue absence of the aamaged hemisphere.

Rudel, Teuber and Twitchell (1974) speculated that
functional hemispheric specialization may even be present prioé
£o birth: ‘they noted differential deficits in children diag-
nosed as suffering brain damage of pre-~ or perinatal origin.
Children with neurolégical signs pfedominantly on the left side
of their body (suggesting Tight cerebral damage) experieﬁééd
disproporticnate difficulty on noén-verbal compared to verbal .
ﬁasks, while children with ne nological symptoms implicating the

left hemisphere exhibited ad wendsite pattern of difficulties.

Rudel. et.al. (1S97%) explained the discrepancy of their fin dings'

(i.e., behavioural déficits present later even if brain damage

occurred at or prior to birth) with the language recovery noted

age'involved classical language areas. Language'méy not transfer

-

)

by Basser (1962) as péfhaps due to whether the left hemisphére dam-
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after very eariy brain damage unless the classical language
zones are involved (Milner, 1969). In the review Ey Basser
Q;QGE) the hemisphere was impaired enough in many.cases to
eventually neéessitate a ﬁemispherectémy.‘ The subjects-used.
by Rudel et. ai. (1974) were thoﬁght to have less extensive'
lesions, which.in turn may have permitted the lesioned left
heiisphere to continue to be dominant for language. However,
the maintenance of dominance by a damaged hemisphere pre-
sumably produced the verbal deficits and "a Su“D“lSl”gly :
adult-like pattern of hemispheric spec1allzatlon” .8C; 81 82

| There is in f ¢t evidence of the rresence of an
anatomical ana,phySLOlogical basis for hemispheric special-
ization at or before birth. 4 larger Dl anum uemnorale (par
of» Wernicke's area of the temporal speech cortex behind Heschl's
gyrus) has, been found ir the left hemisphere in a large per-
ceﬂtage cf adult brains. (Geschwind & Levitsky, 1968; Witelson
& Pallie, 1079, studies cited by Geschwind, 1970, 197253
Hetaen, 1976°" and Selnes, 197485), infant brains (Witelson
& Pallie, 1973; studieswerited by Geschwind, 1970, 1972 — see
note 83, and Hecaen, 1976 - SEe-note 84} and even fetal brains

(study cited by Hébaen, 1976 ~ see note 84: Ceschw1na 1974

“and Milner, 1974 both notea Wada reported such asymmetries

as young as 20 weeks posc~conceptlon). Eemispheric asymmetries
in angiography, blood volume and blood circulation are also

present in human brains (Carmon & . Gombos, 1970; studies

cited by Geschwind, 19?485 and Selnes, 197487), although no
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differences were found at autopsy in amino acid levels in

left vs. right Broca's and Wernicke's area (study cited by

Selaes, 197458) 89, 90

A third school of unough concerning the age:of onsgt
of functional lateralization is thus that hemiépheré special-
ization does not develop ab all, but is Dresent from the very -
beginning'(e.g., Kinsbourne, 19750).

The presence of anatomical asymmetries at birth or
earlier, and the evidence that funétional asymmetries may be
present at this time or as‘early as the sgcond year of lifg
may seem to coﬁflict with fhe‘critical age of 10-1%91, the
age range beyond which injury to the left hemispherq‘so
often causes permanent language deficits. ‘However the con-

tradiction may be resolved by diStinguishing between pre-

sence of an anatomical basis Tor the hemispheric asymmetries

and the very early appearancecof some specialization vs. the

R ) . ,
consolidation of such speclalization over & number of years

- -

and accompan in loss of Mplasticity! w1th eater consolid-
J LS Y

atlon (2 somewbau 51mlla_ exnlanatlon is offe*ea by Hecaen,

1976, EKimursz, 1963Db "and Krashen, 19732). One may then link

These states of soeciaTizat*on and consolidation to the per-

‘maneﬂce of language dlsturbauces assoclatea with 1ateﬂ"allzea'

braln leszons. Thus we have seen that temporary aphasic
systens have been observed in children of 1 or 1% - 10 yT.
(e.g., Basser, 1962; Lenneberg, 1967; Sugar, 1952). The

permanence of the language symptoms that have been noted in
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some children of this age and younger (e 8-, Eedlo & ersky, -
1969; Rudel et. al., 1974) may be explained by the fact that -

“the damage ;alled to lnclude crltlcal portions (e g dlass-

1cal language areas) of the ‘dominant hemlsnhere hence
language ;unctlonQSS contlnuea to be mealated by a damaged
hemlsnhere rather than transferrlng to the undamaged, hlghly :
"plastic" (at this age) second hemlsphere.92 .
2. Research on mormal Ponulatlons 7'
| a) Vlsual Fleld Asymmeurles
Forgays (1952) noted a RVF superiority for the tachis-

toscopic recognition of 3- and 4— letter English words in

.thldren in each of grades 8 - 10, that was not present in

. chilidren in each of grades 2 - 7.

A RVF superio crity ?or-wo*d recognition in normal and

podr.r reading grade 7 g£roups (McKeever & hulzng, 1970a) was

1nuernreued in terms of lauguage dowinance of the left hemis-
Phere. The discrepancy with the data of Forgays (1953) was
explained in terms of methodological improvemenis (e.g., ex—

Dosure duration below tilreshold for eye mevements to occur,

‘employment of a fixation number).

On both blla eral and unilateral presentation, Carmon,
Nachshon and St a:lnsky (1976) found a RVF-superia;ity in H&brew
children in grade 5 and 7 for 2- and 4- letter Hebrew words
(even though the scenning.of Hebrew words from right to left -
would eliminate any left to pight reading scan bias),

superiority that was absentyin Eebrew childrenﬂin grades 1

and 3. These results were interpreted as reflecting the pre-
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sence-of 1efu hemlsphere aomlnance b0y grade 5. However, a

RVF word (Engllsh) recognition superlorlty was found on both

'_unllateral and ollateral presentations in children . whose

-

'readlng was average or 2bove in each of grades 2 - 6 (Olson,

; 1979)

Wlbelson (1975) found a superior LVF recegnition of
pictu;es of peop%g in & - 14 yr. 0ld males. ’
. - b) Tactual Asymmetries

When the fingers of each hand were simultaneously
presented;with a different nonsense shape (*dichotomous

stimulation"), a left hand recognition superiority was observed

in 6 - 14 yr. o0ld males (Witelson, 1974, 1975) tha* was also

‘present in 5 yr. old, but not 3 -or 4 ¥r. old, right-handed

nales (Witelson, in press). Linguistic information: (letiers)

failed to yield differences (WlquSOD 1974) or a right hand

_sunerlorluy (WltelSOﬂ, 1975).

There is also evidence that greater left thumb sensi-
tivity (and possibvly right hemisphere specialization) may be
présent in & - 9 yr. olds (Ghent, 1961 ; Kimufa,‘l965b).

" | ¢) Dichotic Listeping (DL)

The ratioﬁale‘for,the fact that ear performance asym-
metries on DL have been employed for the current thesis re-
seérch, as an anlCauO“ of hemispheric dominance for the Dro-
cessing of the type of material Dvesented QlChOulcally, will

be presented in-'detail in a later section. It will simply be

re-~ 1te*ated at this point that on DI the. suneﬂloL ability -of
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i

one ear 1o identify material presented to it, relatlve Tovhe

S

prerformance of the other ear, has been interpreted as a re-

flection of the dominance of the hemisphere contralateral to

that ear for the processing of Ahat general category of
material (K;mura, 1987). . . '
Thus the fact that the on,DL has béennéted as
early as the age of 4-6 yr. for the Sdentification of digijé.
(Borowy, 1974 Geffner & Hochberg, l97l;_§i;ura, 1963b,
1967; two samples of Xnox & Kimura, 197C; Sommers & Taylor,
1972; Sommers, Brady & Moore, 1975; Witelson, 1975)%7 ang
Syllables (Berlin et. al., 19752; Dorman & Geffner, 19749%;
Geffner & Dorman, 1976, Hynd & Obrzutz‘l977), and'the age of
5-6 yr. for the identificsa tion of words (Bru&u é Goetz inger,
19687%, Goodglass, 1973; Ingram, 1975; Kooy & Kimura, 1970:
MaSUe*uon 1975; Nagafucki, 1970; Piazzay 1977; Schulman-
Galambos, 1977, Slorach & Noehr, 1874; Sommers & Taylor,
1972; Sommers ét. al., 1975)? and even ﬁounger childrenge,
has’been interpretgd as a reflection of the'presence-of left
hemisphere Language dominance by these ages. |
Researchers have also noted that this REA for verbal
material u_dergoes very little change in the older (i.e.,
7-13 y=. 01ld) child and seews.to be identical to resﬁlts-with
adults (Berlin et. al., 19732 Ce?fen, 1976; Goodglass, 1973,
Hynd & Obrvuu, 1977, Kuox & Klmura, 1970; Krashen & Harshman
1972; erablle, Por*er Hughes & Berlln, submitted; Nagafuchi,

1970; a study cited by PO“te” & Berlin, 19?597, Schulman-

"Galambos, 1977, Spr_nger & Elsenson, 1977; Tobey, Cullen,
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Gallagher & Ramp, 1976; Witelson, 1975). Such findings have
led to the hynothes1s that the adult pattern of left hemis-
phere laterallvatloﬂ for language mediation has been estab—
lished by the age of 5 or 6 (e.g., Berlln et.al., 1973a;
Dorman & Geffner, 1974; Kno§jk Eimura, 1970; Krashén, 1973a;
Krashen & Harshman, 1972) qr'yﬁnger (e.g. Piazza 197?).l

A LEA for identification of.non—vérbal envifbnmental
scunds (e ey uater—nourﬂng, clock ticking) in uWO samples
of chﬂld¢en of 5—8 IT. who exhibited the REA for the identifi-
catlon of digits led. Kn01 ana Klmura (1970) to concluae that |
i thelr sample the functlonal dlfferentla 1oﬁ'of the left
and the right hemisphere had in- effect ‘zttained the aduls "

Datterna as 1nu1cauec1 by att a:.n.menu of the adul tern of

PRl

ear Derformances on DL. Plad 5a (1977) has extenaed this
hynothe51s to the age of 9 yr: she -found a LEA for environ-
rmental -sound 1aeﬂtz. ication in 3 P and 5 yr. old males and
;emales ‘and & y=. old males, and a significanf REA for identi-
fication of words in four of the five éfbups. ﬁo#ever, one
Fcould interpret her-data concerning word identification as
showing’ qevelonwng REL beyond 9 yT. since .the 3 yr. old males
and 4 yr. 0ld females‘falled to gxhibit the significant REA
that both 5 yr. old groups exhibited. |
&lso, the data of Bryden (1970), Bryden and Allard
‘ §1973, in:pressﬁi ) Darby and Satz, 1973, Satz, Bakker,
hf’/ﬁ, Teunissen, Goebel and Vander V1ﬁgt (1975), Witelson and
i A Rabinovitch (1972), and Zurif and Carson (1970) has raised

some doubt whether the development of.ear performance asym-

\
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metries on DL (at least for digit identification) has stabi-
lized efen by 5 years of age.

Zurif and Carson (1970) failed to obtain a significant
REA in 14 grade 4 normal and 14 grade 4 peoor readers (classi-
fied as dyslexic since normal I1Q, nb evidence of brain damage
and average achievement in arithmetic). The failure to ob-

serve a significant-REA in-the grade 4 normal Teadlng group

has at least four 1ﬂterbveuat10ns. 1) ILeft hemisphere dom-

inance for language is presenu since the REA of the normal
readers apprbached a significant leﬁel (.10). If 2 larger
sample had been employed, alsignificant REA would have been
preseﬁt. This is the explanaticn offered by Zurif and Carson
(1970). 2) ZITest hemisphere language specialization is present

in  the right-handed subaects. Most studies finding a REA

.on DL with verbal materials in children have included only

right-handed children (e.g., Berlin et. al., 1973b; Dorman &
Geffner, 1974; Gef 1en,,1976 Ingram, 1975; Kinmura, 1969b,

1967; EKnox & Kimura, 19705 IMirabile et.al., submitted; Schulman
&. Galambos, 1977; Witelson, 1975). Non—right-handed popul-
atlons have cﬁnsistently exhibited a more vafiéble performance
pattern on numerous indicators of cerebral dominance than have
right-handed populations (e. gf, on the sodium amytal measure -
Branch et. al., 1964; in ear and VF asymmeury SuUdleS - Brydgﬁ,
1965, 1970, Buffery, 1974, Curry, 1967, Curry & Rutherford,
1967, Dee, 1971 ‘Fennell, Satz? Van den Abell, Bouews & Thomas,
undated, Gilbert & Bakan, 1973, Hécaen & Sauguet, 1971,,ngen—

bottom, 1973, Hines & Satz, 1971, 1974, Klmura, 19750, anx &
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_ Boone, 1970, Levy, 1969, Marshall, 1973, McGlone & Davidson,

1973, McKeever & Gill, 1972, Miller, 1971, Nebes, 1971la, |

- Newcombe & Ratcliffe, 1975, Satz et. al., 1965, 1967, Zurif

& Bryden, 1969; in unilateral ECT - Warrington & Pratt, 1973;
in studies of relative EEG activity in the two cerebral
hemisphereé - Gilannitrapani, 1967; and unilateral brain in-

jury effects - Benton, 1965, Satz, 1977a.. The more highly"‘

s

variable dominance pattern exhibited in left-handed populaticns ’/,_,/‘

has also been discussed by Bogen, 1969b, Goodglass & Quad-

fasel, 1954, Levy, 1974 and Penfield & Robérts, 1959, among
a .

o“f;hers).’8 Thus the inclusion of two left-Handers and three

.yt , .
others of indeterminant handedness (as*indicated by responses

. to a li4-item questionnaire) among-the 14 subject¥ in the nor-

mal reader group may have obscured the REA usually found in

right-handéd samples. 3) Left hemisphere dominance is pres

sent. However the REA is obscured by a decreasing ear differ-.

ence as the left ear improves its overall performance relative
to the right ear due to a celling effect on the relat%vely
easier DL task used with children compared to adults (Kimura,
1963b; Satz et. al., 1975).-  4). Left.hemisphere dominance
for language is still being established. This laffer inter-
pretation would be in conflict with the view that left hemis-
vhere language lateralizatior had completed its develcpment
and attained the adult pattern by the age of 5 yr.

Witélson and Rabihoviten (1972) also noted z non-

significant ear superiority on DI (digit) in a group of aver-

age achievers of approximately the same.age as studied by Zurif

!
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and Carson (19?0) Unfovtunately, the results of Zurif and

Carson (1970) and Witelson and Rabinovitch (1972) are incon-

clusive in terms of development “Trends on DL (e. 8- any

possible changes in ear dominance in chlldren-beyond'the

age of 5 y;.) because onily one age grdup was studied.
However, five studies have appeared that did utilize

different age groups and that also reported an increasing

ear asymmetry for the identification of werbal materials

"well beyond the age of 5 yr. (Bryden, 1970; Bryden & Allard,

197%, in press; Darby & Satz, 1973; Satz et. al., 1975).
Bryden (19705#noted an increasing REA with grade
level for digitbidentification in right-handed children in
grade 2, 4 and 6 (decreasing REA wgtﬁ left handers). The
difference between the handedness grdups failed to reach
significance until the grade 6 level. In-addition, "assuming
a‘close relation béﬁ?een dicheotic lisﬁehing laterality and
cerebral dominance, the pré;ént data,iﬁaicate that the "adult
pattern is not achieved until grade 6 in boys and .grade 4 in
girls" (Bryden, 1970, p.44S). But Bryden (IQ?Q) can be
criticized for his interpretatiojtpf his data and his failure.,.
to provide sufficiently detailed statistical analy51s.99
In a2 study of 6, &, 1Q3~i2 and 14 3r. 614 males
and females analy21ng only first responses, Bryden and
£11ard (1973) noted a tendency toward a2 REA for syllable

identification by 10 yr. that did not reach statistical

significance unti 12 and 14 yr. Bryden and Allard (in press)
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.also found evidence for dé#eloping lateralization in 8, 10

and 12 yr.”olds when a scoring procedure designed to correct
for ear order of reborf bgés was utilized.

Satz et.al. (1975) reviewed flve of the studies that
have demonstrated a REA for verbal materlal by the age of
4. or.5 yT- (i.e., Berlin et. al., 19873z; Geffner & Hochberg;
1971; Klmura 1965b; EKnox & Kimura, 1970 Nagafuchl, 1370)
that was maintained in older children. The fact that such
studies aemons»rated that degree of ear asymmetries (and
inferred Tanguage lute”alldatlon) did not change (or eve

decreaseq sllgh*ly) was seen by Satz et. al. (1975) as con-

-’1ﬂct1ng with expectations from 2 developmental or maturational-

process view 0f hemispheric laterallaatlon and discrepant with

cllnlcal data ¢f incidence o’ and recovery from, sneech dis—
?

-

turbances in Dra’ﬁ*anUIEd ch11d_en. Such discrepant results

weve exblained by Satz et. al. (1975) in terms of Drocedural

artifacts or method of Scoring and analvzlng responses (e.g.,

~in the studies of Klmu:a, 1965b and Knox & Kimura, 1870, the’

L

presence of a é&ﬂiﬁg effect). Thus Satz et. al. (1975) uti-

iized a more difficult task (30 series of'ﬁ7digit pairs, and
a multivariate anglysis of‘fegression model) with 5, &, 7,
9 and 11l yr. old male and female groups in an effort to elim-
inate any ceiling effect.-‘Althodgh ear asymmetry was not
significant until the age of 9, Sauz et. al. (1975) did find
“a higher rlght ear score at age 5; they alsc noted a smmlla_.

tenaency in two other 1ﬂVestﬂgatlons that failed to report

2 51gn_flcant_REA untl;.much older (i.e., Bryden & Allard,
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'1975; Darby & Satz, 19757%C - Darby and Satz, 1975 report-

o
w

edly obtained a significant REA in normal 12 yr. olds that
Qés absent in 12 yr. old dyslexics and > and 7 yr. old nor-
mals and dyslexits). Although their primary purpose was to
investigate_othe; variables, sevéral other studies conducted
by Satz and his co-workers have supported the hypethesis that
ear ésvmmetvies on DL (especially for dlglts) continue to

‘aeveTOD beyond the age of 5 3yr. (Satz, Rardin & Ross, 1971;

Satz & Friel, 19735, Sa z & Van Nostrand, 1973, Sparrow & ~

-
Szatz 1970).

Tt should be pointed out that several studies earlier

cited that have found 2 REA with verbal materials on DL in

younger childrén have emnloyea words or syllables (Berlin et

al., 079. Do*mah & Geffner, 1074; Geffrer & Dorman, 18 76
‘Gooag ass, 1979, Hvﬁa & Obrzut, 1977, Ingram, 1975; Krashen
& Harsﬂman, 1972 y¥Mirabile et. al., submitted; Nagafuchi,
1970; Piazza, 1977; Sadlck, in preparation, see note 94 ;
Sobotka, 19?4,fsée note 97; Sommers &.Taylor, 1972; Tobey et.
al. 1976) , and/of Testricted themselves to a narrow age range
(e.g-. Dormen & Geffner, 197~- Geffner & Hochﬁerg, 1971 ; -
Geffner & Dorman, 1976; Plavza, 1977; Sadick, in Prep. ;
Sommers & Taylor, 1972), and/or omitted statistical analysis
of ear differences at each age levél (e.g., HEynd & Obrzut,
1977; Knox & Kimura, 1970; Mirabile et. al., submitted;
Schulman~Galambos, 1897 Sommers & Taylor, 1972; Wlté%ggn,

1975) or else details of exnerlmental methodology,- analysis,

a0
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etc., were not accessible to tﬁe prespﬁf reviewer (elg.,
sécondary references or dbstracts only av;giable - Bdrowy,
1974, Sadick, in prep;, Sobotka, 1974). Many of these
studies also failed %o obtain a significaﬁtrREA in several
of the.age groupé studied (e.g., Geffner & Hbchberé, 1971; L

, 'Geffne; &, Dormen, 1976; Ingram, 1975; Kimura, 1963h¥ Nag-
‘ fuchi, 1870). ' |

o

Tke only stuales that the p“esent reviewer has un- _ :
: covereq “that have 1nvest1 ted ear asymmetﬂles ut111¢1ng : ' )
B X . TT— ' .
L .-dlglts on DL and that have ‘}ude a relatively wider age j_ﬁ\ﬂ\\\
'range are hose of Borowy (l “4), Bryden and Allard (ln c
_ Dress},, Daxbv and Satz (19/ ), Kimura (19630, 1967) Knox ]

and Kipura (1970), Satz et. al., (1975), Sobotka (1974), and -

- Witelsdg (19/5) In this specific sense the developmental

pattern supgested from _1nalngs of Bryden (1970), Bryqen and

g_Allérd (in Drecs) . Darby and Satz (1973) and Satz et. al.
- (1975) stand in contradiction only to that suggestea from

“the data 6£- Borowy (197L) Sobotka (1974) &nd the Kimura

<&
studies. When this list is reduced further tﬁ\nrlmary ré-.

, - -

“ference llterature emnloylng dlglts on DL a%d references pro-
viding sufflclently dgtalled analy51s and descrlnulon by -
_ metnodology, only Satz et. al. (1975) vs. Klmu*a (l9g§e

1967)L:ema1n. T -

s

‘The DI research nertalnlng to Qevelonment of ear
r

asymmetrﬂes of vernal mauerlél across 2 1a{§ age range reveals

much lass conszstent\§upport4for the permanent establiishment
—— . i

of the REA for digit iﬁeqpifica#ioﬁ by 5-6 yr. (support-
IR S ’

&
]
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Borowy, 1974, Kimura, 1969b 1967, Enox & Eimura, 1970, '
Sobotka, l97+ Hltelso 3 19?5, non—sunoort-b“yden, 1970
Bryden & Allard in pressy; . Darby & Satz, 1975, Satz et.
al., lj75, ‘even when “these SuUdleS are screened to ellmlnate‘

-inaccessible and, inadequately described or analyzed research -

Satz et. al., 1975 vs. Kimura, 1963b, 1967) than for the per-

\pénént establishment df_the REA for wverbal material other

than digits (support-serlin et. al., 1973a, Geffen, 1976,
Goodglass,. 1975, Hynd & Obrzut, 1977, Enox & Kimura, 1970,
Krash;n & Harshman, - 1972, Mirabile et. al., submitted,
Nagafuchi, 1970, Schilnan-Galambos, 1977, Sobotka, 1974 vs.
Bryden, l9p;,yiﬁ press).. - Tﬁ?s présent state of knowledgé'

differs from that Imown at the time a DL digit task was

selecped by The present 1*v1ewer_aé>hls left hemisphere
_ S

measure (spring-summery 1974); at that time thg results

ufilizing digit and ofher verbal measures were in essential
agreement that4ear'asymmetries were ﬁermanently established
by 5~6 yr. It thus E;d not appear crucial at ‘that time to
employ;both‘digits and snother verbal measuie in the séme
study, nor th.make any digit task emplqyed_}elativély com— -
vlex (e.g., 4—pair digit sets as utilized by Sé%ﬂ\f?.'a%:,
1973) LA SN
The differing consistvency of results concerning the

- ' N . ." - . -
development of ear asymmetries dependent oy The type of. ver-

- bal input employed suggests the fsilowing possibilities: 1)

left hemlsvnere domé:ance, or -at least uhat aspect 'of left

hemwsnhere dominance uanbed by DL“of verbal 1nDut, is firmmly

\\. ,/ o C ;L;_/) o
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established by age 5-6 and syllables and words other than
dlglts may brov1de a more sensztlve measure than digit
material of the presence of such déminance 2) left hemis-
Phere dominénce; or'at least that aspect of left hemisphere
dominance tappgd by DL of verbal inpu%\ 1s not firmly estab—.
lished by the age orf >-6 yr. and the digit meésure may be the
more sensitivé indicator of this unstable state of left hemis-
pheré dominance, especially if the digit ®¥ask is made suffic-
iently complex-(e.g., several qmglt Dairs Presented) to re-
duce any celling effects 3) digits, especially more comble\
digit material, in combarlson with other verbal ”aue*137
B2y represent 'a dlscreue Type of _nformation in terms of

left hemisphere Specialization (i 2., twd d1¢ferént types of,

4

-

left hemlsnhere sneCﬁallaaulon being tapped - see Porter &

Berlin, 1975). I A
Thus, despite the number of DI, Etudles with children
conducted o date, the age,o- onseu and development of the

'—\__ . . . ..
type, or types, of left hemisphere Specialization elicited
JPe, YD‘;: DL L

.by verbdl DL easures, remain to be definitiv vely established.

In regard +o uhe development of any - LEA for 1dent1flc—
ation of non-verbal alchotlcally bresented input, the only

relevant paper to appear in the literature, brior to.the

7
Present reviewer's selectéfn of envirommental soungs as his

measure of right hemisphere specialization, was that of

Enox and Kimura (1970) Although a significant LEA was ob- >
se*ved ovevall in uWO sembles of 5 8 yr.-.old males and femalés )/
dutall _ 3

\

i . /
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for ldentlflcatlon of envlronmental sounds, only four of

elght'age-sex groups in the first sample exhibited a signi-

ficant LEA (experiment I), while no statistical analysis

was provided for each age—-sexX group of the second sample
(experiment II - quite possibly four or more of the eight

age—-seX groups would have failed to exhibit a significant

"LEA, as the level of overall significance was .00l in exp.

I and .05 in exp. II). EKrox and Eimura (1970) also failed
to obtain a significant overall LEA 3in the only sample {exp.

II) asked to identify animal sounds.

Odly one other develobmental study has since appeared:-

Piazza (1977) found an overail LEA uhat was also significant

in five of six 3-5 yr. male and female gEroups. Hence, the

pattern of development of the LEA in DL of non-verbval material

requires further study, both in terms of children older than
8 yr. and in terms of replication and further inveétigation
of developmental trends in younger children.

d) Monaural Listenhing (ML)

Results have been contradictory on a monaural task
of reporting digits in the order presented. No REA was
found in normal 6-12 yr. olas (Bakker, 1967), but a signifi-
cant REA was found in 7-13 wr. ons (Bakker, 1970) and 10 3T

~olds (Bakker, i969). It was later reported that the REA was

Hot present in yamger children (1 e., 7=8 vr.) and present in

older chllaren (i.e., 9- ll yr.) only if the chlldren were

gbod readers (Bakker et. al., 19?5). A more consistent ear

‘-

e
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superiority (LEA) was obtained in reproducing ML "Morse-like

sound patterns", wherever such a task was included with the

,.digit task (Bakker, 1967, 1968, 1970).

Unfortunately, the Bakker team research effbrt provides
little useful information céﬁcerning the developmknt of hemis-
Phere asymmetries since the studies suffer from serious
sampling (no scfeening for hearing defects, héndedness or
causes of any reading deficits observed), statistical
(tendency to omit analysis of subjects failing to show ear

differences, over-interpretation of non-significant data)

and general design weakmesses (confounding of variables).

Another ML task utilized by Van Duyne,.D"Alonza and Scanlan

{1976) has obtained a REA in 63 . olds on a relatively com—>
plex (7- and 8- stimulggﬂattributes), but not more complex
(9-stimulus attributes) verbal task; a REA did not appear F o
5 yr. olds on either task.
e) Electro-cortical Studies

When reaction to auditory input has been Utilized
(e.g., auditory evoked potentials), asymmetrical activity
in the left hemisphere with verbal material and in *he right
hemisphere with non-verbal material have been reported in
infants (studies cited by Levy, in press and Witelson, 1975101),

asymmetrical activity in the infant brain being similar to that

. . : . 1
~found in children and adults (study cited by Selnes, 1974102).

£) Lateral Eye Movements

The study of lateral eye movements in children has
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not been investigated to any extent. In a study of 4+6.3 yr.
0lds, Schroeder .(1976) found only 14 children shii‘tedAtheir
eyes to the right, 19 shifﬁed eyes left and 12 failed to
shift their eyes in any consistent direction.

Kinsbourne (1975a) cited an unpublished.study (Eins-
bourne & Jardno) withleyr. 0lds where verbal thinking (verbal

questions) tended—

e momentary gaze shifts and head-
turn te the right, whil spatiﬁi questions tended to induce
head turn and eye shifys to tﬁe left.
5. Sex Differences E
{ﬂ\ggyélopmental data derived from experimental méasures
of cerebral dominance may be utilized to determine if there
seem to be any sex differences in how cerebral dominance might
develop. Although the present discussicn will emphasize re-
sults with DL, other data will also occasionally be cited.
EKimura (1973a) gnd Bryden (1970) both suggested that
speech lateralization, z: indicated by ear asymmetries on DL,
may develop earlier in females than in males.. However, Kimura
(19732) does not cite supportive data and her own results (e.g.,
Kimura, 1963b, 1967, Knox & Kimura, 1970; as well as the data
of Bryden, 1970 - 'see note 99) generally fail ‘o support this
hypothesis. In addition, with the exception of one investig-
ation (Geffner & Dorman, 1976) and a very specific component
0f a second study (Mirabile et. al., submitted),neither study

having utilized digits, research has consistently failed to

obtain sex differences on age of onset or degree of the REA
' P
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for the identification of verbal material on DL (Bérlin et.

al., 1973; Borowy, 1974; Bryden & Allard; in press; Geffner;

' & Hochberg, 1971; Hynd & Obrzut, 1977; Ingram, 1975; Kimura,

1963b; Knox &‘Kimﬁra, 1970; Nagafuchi, 197C; Piazza, 19775\
Satz et. al., 1975; Schulman-Galambos, 1977; Sommers & Taylor;
1972). Therefore, the evidence is overwhelming that there o
are no sex differences in the development of the typé of
left hemisphere functioning tapped by the'traditional DL
paradigm.

Some data irom othér measures has been interpréted
as evidence of earlier maturation of the female left hemis-
phere tprecise temporal reguliation of finger movement - Wolff
& Hurwitz, 1976; ML of verbal material - Van Duyne et. al,
1976, Van Duyne, . Bakker & De Jong, 1977).107 -

The:e_is similarly little sﬁppért for the hyvothesis
0f sex differences in the dééelopment of the LEA for non-
verbal input on DL. ZXEnox and Kimura (18703 discussed the
higher overall scores of 5-8 yr. old males, compared to fe-
males, for the identification of non-verbal environmental
séunds in one of four experiments in terms of possible greater
right hemisphere lateralization in males for this type of in-
formation-processing. However, Knox and Kimura (1970) failed
to comment on the absence of sex differences 1in overall en-
vironmental sound identificatioﬁ in a second experiment, the

fact that females in the first study actually demeonstrated a

IEA earlier than males (6 vs. 7 yr.) and that no sex differences

.
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in extent of LEA were noted in either study.lo4

It appears
likely that any‘éex differences observed by Knox and Kimura
(1970) were due to chance, which is supported by the finding
0f no sex effect for environmental sound identification in 3,
4% and 5 yr. old males and females who exhibited sn overall
LEA and significant L@% in five of the six age—sei groups
(Pigzéa, 1977). EKrashen (19732) does make reference to an
unpublished study finding a sex effect in a@ults; however,
no details were provided'other than that a REL for males
an@ no ear differences for females were obtained for identifi-
cation of environmental sounds under certain conditions.™
There is however some evidence for earlier onset.
and development in males of the type of right hemisphere
specialization associated with identification of nonsénsg
gshapeé simultaneously presented to each hahd (Witelson, 1

1975, 1976, in press), 5 and 6 yr. old males exhibiting a

£

left hand identification ‘superiority that didn't appear in
females until the age.of 15 yr.lo5
To summarize present knowledge of sex diffe:ences in
hemisphere specialization: although tﬁere i1s some data to
- suggest that there may be sex differences for hemisphere
specialization for gome tyves of information, the differences
, seem very slight and difficult to deﬁonstrat on~gny consistent
7 basis (Bryden, 1976), probably because of the specificity of

any specialization (e.g., Dossibly for only a cerpéin aspect

of left or right hemispfere dominance); tzére is dtrong evidence

& . J /J
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of the absence of sex differences in the onset, development
and final status in the adult of the types of hemisphere dom-

inance tapped by the coﬁventional DL procedures.

-

~

106 ¥
\\

7
i) Theories. DMany theorists have postulafed that: learning

4. The Developﬁent‘of Cerebral Dominance in Deviate Populations

~

a) Language Disorder

disorders result from a failure to establish cerebral dominance,
especially specialiczation oFf the left hemisphere”for verbal
functioning tezg., Mach, Ofton, Woody & Rheingoldj. Abnormal
specialization of the right hemisphere has been suégested as
well (e.g., Witelson, 1977ab). Others have argued for a more
general cerebral lzg and/or dysfunction, such as a failure of
the left hemisphere to fully develop (e.g., Kinsbourne, 19752;
Satz & Sparrow, 1970; Shankweiler, 1964; Witelson, 1975, 1977ab).
Fellows (1968) described;én early theory which stated
that discrimination of symmétrical figures_(e.g,,'b and dy D
and q) occurs only as a result of the development of a slight

bedily asymmetry (particularly in the brain) that produces

- . L] - . .-
lateral domingrice.
; A similar theory of mientation perception emphasizing

the importanceof lateral dominance is described by Fellows
(1968): // .

Bu& whereas Mach gave a mainly behavioural
account -0of fhe relafionship between laterality
and orientation, Orton attempted to express
the relationship in neurological terms....

FPor Orton the clue to the neurological
disorder underlying reading backwardness
was the frequent occurrence of reversals.
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(1) kinetic reversals, in which the order of
letters in a word or the order of words in

a sentence is reversed; and (2) static reversals,
which involve confusing a single letter with

its mirror-image. In the present survey we

have considered orly static reversals, since

we are: primari interested in the discrimin-
ation of orientation and not in the process
involved in the temporal confusion of sequential
images. However, it is possible to interpret

a kinetic as a static reversal if we regard the
whole word or phrase = a unit of perception,

or a Gestalt. Orton himself seems to interpret
it in this way.

The.ten&%ncy towards reversals in reading
Orton termed "strephosymboliza" which literally
means, "twisted symbols". So, for Orton, strepho-
symbolia is a cause, and maybe the cause, of
reading backwardrness. Here, we shall be specific—-
ally concerned with outlining Orton's account of
how a certain neurological process causes the.
ckild to confuse different orientations of the
same visual form. Eis argument goes as follows.

The patterns of excitatlon that are aroused
in the two cortical hemispheres by a single figure
are identical except that they are mirror-images
of each other. KHe writes, .

The brain contains right and left
visual areas which are exactly alike
except for their opposite orientation,
and we think, therefore, that the
existence in the non-dominant hemis-—
phere of engrams of different orienta-
tion from those in the dominant hemis-
phere cannot be lightly dismissed as
the probable source of static and
kinetic reversals and of the spontane-
ous ability in mirror reading and
mirrow writing. (1937, p. 155)220
So, according to this theory, the dis-

crimination of orientation problem arises

in the following way. Since a single form
arouses two patterns of excitation (engrams)
which are mirror-images, so should we expect
the mirror-image of this form to arouse the
same two patterns though this fime in the
opposite hemispheres.

. If this is the case, how then do we manage
to discriminate a figure from its mirror-image -
at all? Orton's answer to this 1s the same
as Mach's - through the development of #
lateral dominance. His explanation of how 1t
works, however, is different.

’
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Mach, it will be recalled, hypothesized.
that the stimulation resulting from the symme
rical movements of the eyes would be modified

t-

by laterality. Orton, on the other hand, argued

that lateral dominance enabled oné cortical .
hemgsphere to suppress the engrams of the oth
Thi® meant that a single form would arouse on
a single pattern of excitation in the cortex
an individual in whom lateral dominance had
developed; and the mirror-images of this form
would arouse a different pattern (i.e., the
mirror-image of «the former).

So, it is Orton's theory that mirror-image
discrimination is difficult when there is a
similarity between the engrams in the two’
hemispheres, and that this happens when there
is inmcpmplete dominance.’ With the developmen
of laterality the excitations ir the non-
dominant hemisphere are elided leaving a
relatively simole shape discrimination to be
made withir the dominant hemisphere. (pp.l47-

I his review of cerebral domihance in dysl

er.
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Zangwill (1962) speculated that dyslexia in the poorly lateral-

ized (e.g., weak, mixed or

inconsistent lateral preference)

may differ significantly from dyslexia in the fully lateral-

ized.

It is difficult to arrive at any clearcut
conclusions. If however, it is agreed that
dyslexia presents more frequently among the
ill-lateralized, and if lack of definite
lateral specialization implies atypical
cerebral dominance, it follows that atypical
cerebral dominance is characteristic of a
fair proportion of backward readers. The
dyslexia itself may result from early brain
injury,constitutional defect in maturation,
or retardation secondary to stress. Indeed,
it may well be due to a combination of these
factors. . At all events, fuller paderstanding
0of reading and its disorders must presuppose
Tfuller understanding of the ways in which
asymmetrical functions. become established in
the human brain. (Zangwill,. 1962, p.1l13).

‘Shankweiler (1964) referred to the proposal of .Orton
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(19";) that -dyslexia is.a result of weakened cerebral dom-
inance, as reflecﬁed in the frequency of occ eﬁce:of wéakr
léteralization or a family histbry of sinisfrality. It was
pbinted out that Orton procéeded'consideraﬁ;y Beiond the
empirical evidence of lateralization;ofjspeéch and language
functions in the brain and their relaﬁion-to'handedness in
his postulation that the major hemisphere 8irefﬁly contxols
the minor hemisphere in the co-ordination of all activities,
(e.g., in the quote above taken from Fellows, 1968, it is

clear that Orton believed that the‘domiﬁant hemisphere sup-

presses activity in the other hemisphere). Though Shankweiler

(1964) concluded that there is no evidence to supgort‘thié
latter view,lo9 he noted the association of dyslexia with
left-handedness and ambilaterality remains a crucial fact to

be explained.

Shankweiler (1964) stated that two different types of

developmental dyslexia are suggested by Wechsler Verbal-Per-

formance scale studies and associated EEG activity in dylexic

children (four studies are cited).

- Taken at face value these results suggest
that different types of dyslexiz may arise
depending on whether the major or the minor
hemisphere is involved. Whether the abnormality
of development stems from mild cerebral damage,
delayed maturation, or as is.likely To be the
case, a combination of these causes, cannot
definitely be stated. (Shankweiler, 1964, p. 60).

The role of cerebral dominance in . dyslexia has also

been discussed by Critchley (19667 1972). He found that 100

dyslexics performed.similarly to a normal group in .direction .’
. Y

L
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of gaze,-tﬁoﬁgh he noted MMcFie and later Ettilinger and Jacksonllo

e

to have reported that dyslexics failed to exhibit a clear—cut
irectional tendency on the JaspefuRaney—Phij;est.

This suggests a lack of one-sided occipital
dominance which may well be the evidence of non-
maturation. This state, often spoken- of as
"cerebral ambilaterality", is believad by some
Lo be associated with an unstable cerebral organ-
ization, one whichk is particularly sensitive '
to the effects of stress. ‘

‘ That both cerebral ilaterality and dys-
lexia are to be equated width lmpaturity of . .

" cerebral development, is the view most widely '
held today among neurologists. W. Goody and M. -
Reinhold (1969),111 ymo have entertained the

\Same -notions of maturational lag, have expressed

ém in somewhat different terms. Théy stressed

the hypothesis that in normal circumstances -
asymmetry of the functions of the two cerebral
hemispheres is established.as a child develops, -
and that this asymmetry of function is closely
related tec the performance of reading and writing.
Children with developmental dyslexia, however
fail to establish asymmetry of function im the

* cerebral hemispkeres (Critchley, 1972, p. 70)..

In his discussions of aphasia, delayed spéech, stutter-
ing, and retarded reading, Delacatc (1959, 1963, l966)_ém7..-'
phasized the importance of underlying neurological organiz-
ation. From birth it was argued that reurological organiz-~
ation proceeds toward the cortex, development is regu;ar and
séquential, organization at a lower (i.e., ordinariiy earlier

a . . S ]
developing) level is necessary for organization to occur in
2 higher (i.e., ordinarily later developing) level. The
organization of the subcortex is a prerequisite for organiz—
ation of the cortex, and cerebral dominance éannot_proceed

until cortical orgarnization has occurred. Treatment is initi- .

ated at the lowest level where neurologicai.organiéation has

failed to—;%Yelop properly;. In terms of the present discussion
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‘of language disorde: in relation to cerebral dominance, train-

ing Droceeds untll the point when establishment of cerebral

dominance becomes the goal. Trainipg to promote cerebral

LY

dominance involves éstablishing the consistent use of a foot,

€ye, and hand on a particular side of e body, the assumption

being that training to enforce unllateral 51aedness_will.enf

courage domlnance of the cerebral hemisphere that controls

that _side. _ ’ . —
Sétz, and Sparrow (1970) sostulated a2 lag in méfuration

o

- * oI the left hemisphere in dyslexia, the behavioural deficits ////
Dresent belng similar %o adults with left cerebr 1l damage aha //
including r;gh —Te t confus:on, ?1nger agn051a, célculatlon

i: . writing and visuo—conSuructlon difficulties and lower verbal
intelligence. Klnsoourne (1075a) has 51mﬂla_1y arguea that
many of the manﬂfestazloﬁs of selective reading dlsabllluy are
a result of general delgy n left hemisphere maturation, rather
than oelng attributable %o a aelay in specific lateralization,
sdch as for language -representation. ' |

However the presence of abnormal cerepral domlnance
in ayslex1a is thought by Witelson (1975,. 19772b) to apply
only to rlght hemlsnhere snecwallzatlon' ngt hemisphege speech '
specialization is thoughuuuo oe\normal but 5n the context of =2
general left'hemlsuhere d?sfunctlonlng. ’

In addltlon to his theorizing about dysTexxg and lack

of cerebral qomlnance, Orton (7928) also proposed Lthat mixed

£

sneech domlnance wassthe essentlal causatlve factor in stutterlng.ll2

. . .
. D '_ . ~
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Specific. research will now be reviewed relating to the

issue of lack of cerebral dominance and impaired cerebral

"functioning factors in dyslexia and stuttering.

ii) Visual field asymmetries. In a:specific group of poor.
readers of 8 - 9 yr. of age Olson (19735) failed to,fiﬁd a RVF
superiority for the recognitiqn of 5 and 4—1etter words pres-
ented tachistoscopically, whether the material was presented
unilaterally or bilateraily. 4 10 - 1l yr. oid group and
normal reading 8 - 11 yr. olds did exhibit the usual RVF °
superiority. The group of poor readers possessed no known
physical, intellectual, emotional or cultural deficits.

$imi1arly, no VF differences in recognitior of pictures
of figures of people have been noted in dyslexics, comparéd
to a LVF superiority in grdups of normal reading & - 14 yr.
old boys (Witelson, 1975). i

Marcel et. al. (1974) found a greater number of RVF
recognitions of 5-lettex words. unilaterally presented in good
a§ contrasted to poor readers, 7 - 8 yr. of age. However, poor
reading is related to a .27 myriad of factors (Jobnson &
Myﬁlebust, 1967; Mackworth, 1972), and a weakmess of this latter
stuay is the fact that uniike Olson (1973) and Witelson (1975),
no attempt was made to control fof any of these factors in the

poor readers.

iii) Auditory asyvmmetries. We have seen that there is some

ambiguity about the exact pattern of the development of ear
asymmetries on DL in the normal child, though the stronger

thrust of the research results is that REA for identification
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of verbal maferial (especially for syliables and words other
than digits) is present in the 5 yr. old. At the same time
children with serious reading problems are siower in develop-
ing the REA for digits (Satz et. al., 1971; Satz & Friel, 1974;
Sparrow & Satz, 1970; Witelson & Rabinoviteh, 1972 Zurif & .

115

Carson, 1570; studies cited by Kimura, 1967 , Zurif and

Carson, 1970714

, and Satz et. al., 1975 - see note 100) o
'qbtain lower scores overall for digitr(McKeever & Van Deventer,
ié?E; Satz & Friel, 1973, 1974; Witelson, 1975; Witelson &
" Rabinowitch, 1972) and syllable identification (Springer &
Bisenson, 1977; Tobey'et. al.;.1976;istudy cited by Tobey et.
sal., ié?Glls). Such resul?s have been interpreted as reflect-
ing a maturational lag in the lateralization of the mechanisms
subserving language behavior (XKimura, 1967; Zuﬁif & Ca%sﬁn,
1970) or a disorder of left hemigphere functioning (Witelson,
1975; Witelson & Rabinovitch, 1972), possibly related t¢ a
more general lag in matuiaiionéof the entire left hemisphere
(Setz et. al., 1971; Satz & Friel, 1973, 19757'%; Sparrow &
Satz, 1970) or 'at least an indication of an atypical develop-
ment of such cerebral speech processing (Sommers & Taylor,
1972; Witelson & Rabinovitch, 1972). Such results in turn
provide suﬁport for at least some aspects of the theorizing.
of Orton, Mach, Delacato and Sparrow and Satz.

It should be noted that these studies tended to care-
fully select theilr poor reéding samples (i.e., restrict poor
readers to children fitting the definition of dyslexia pro-

vided by Money, 1962, see note 108).
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Thus, the fairly consistent finding of a REA on DL
for the identificatiop of verbal materials in young children
(e.g., 5 - 6 yr. olds) is thought to reflect left hemisphere
language specializafion; the absence, or lessened size, of
the REA and lower overall scores of dyslexic children at these
ages and older have been interpreted as supporting the hypo-
thesis of reduced and abrormal states of left hemisphere
functional specialization.ll7
A different view of the development of language spec-
ialization has been forwarded by Bakker et. al. (1973), based
on a ML measure of language dominance: that a strong degree
of language lateralization is associated with reading achieve-
ment only in the oldéfﬁchild (e.g-, 9 = 11 yr.). Bakker et. al.
(1973) found only a minimal REA in 7 - 8 yr. old good readers
in ldentifying digits-in the sequence mbﬁaurally presented,
while 9 - 11 yr. olds exhibited a strong REA. Hence Bakker
et. al., 1973 (like Bryden, 1970; Bryden & Allard, 1973, in
Dress; and Satz et. al., 1975) postulated that language
lateralization in the normal child is f;r from complete by
the age of 5 yr.lls.
However, other studies with this ML procedure have
been contradictory: absence of an REA for ordered digits and
letter-enumeration (Bakker, 1967, 1968) vs. a REA in 7 - 153
yr. olds (Bakker, 1969, 1970). The fact that the whole Bakker

series of studies suffers from various selection, statistical

and general methodoloézéhl limitations (see earlier discussion)

.
W= _



- FaN

REVIEW OF THE IITERATURE 83

and that the procedure has not been ufilized to any extent be-
yond the Bakker group suggests that the Bakker data pfovides
highly ddubtful information concerning the nérmal development
of language dominance and its relationship to reading skills.
But one might wish toadopt a less critical stancein
at.least accepting the Bakker ML data in general, if not in
specific, terms (i.e., satertain the possibility that, in
general, tﬁe Bakker ML vechnique may eliicit a.reduced REA in
younger children, comparqé‘EB\DL, thét only attains sigpificance
in older childrez;;fflf/;o, one might explain the difference
in develdpment of ear asymmetries on the two tgsks on’ the basis
of the following reasoning. The REA for ML appeared to be
due to the'ordefgafggzgiﬁ and temporal sequence requirement
of such tasks (Bakker, lé69),-§ince ML without the requirement
to report digits in the order presented failed To elicit ear
differences (Eimura, 1967) and since temporal sequencing
seems to be language (usually left) hemisphere mediated (Boss-
hardt & Hormann, 1975; Carmbn, 1971; Carmon & Néphshon, 1971;
Efron, 1963abc; Gordon, M., 1967€‘Halperin et.al., 1975; Krashen,-
1973b; Lackner & Teuber, 1973; Papcun et. al., 1974; Robinson
& Solomon, 1974).11% Perhaps this fact and the left hemis—
. phere specizlization for language (e;g., digit and letters
as language symbols), together with the slight nqpefical ad-
vantage of contralateral vs. ipsilateral auditory nerve fibers
arising frbm a particular ear, is sufficient to produce the

REAle without the need of simulténeous input to both ears
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that Kimura (1967) believed to be required to produce ear

asymmetries_lzl i
If the temporal-sequential zequirement of the Bakker-

ML task is what prevents the occur;gnce of the REA until an

older age, since the REA generally appears in younger -and
older age groups in the absence of such temporal-sequential

; !
task demanda.(i.e., on free recall on DL), one is left with-

the following hypotheésis that would jreconcile the apparent

diScrepancies'in~develppmental performance on the two tasks.
Lateralization may be-presént and f#lly developed in 5 - 6
yT- olds122 foﬁ those. aspects of laﬁguage that involve little
oT 1o tempora%;séQuential proceséesi(e.g., single words and
phraseé,recall of digits and words fn any ordér);_but those
aspeéts of language involving_compléx'tempofal—sequential Te—
latiénships (e;g,, syntax-ordering éf words in sentences
and senftence structure formﬁlation;}ordering of several sen-
tences on a particuiar‘topic, recall of digits in proper order)
;
may not become lateralized, or at least fu?ly iateralized, -
until a later age. Thus free recall on DL and the sequenced
recall on ML may be measuring different aspects of left hemis-

phere d.ominance.125

Better designed research with the Bakker ML technique,
possibly in.?Eﬁgciézigﬁﬁfiﬁgéﬁng& and other studies in general ’
involving thémdevelqpment of left hemisphere specialization for
temporal informafioﬁ processing, will determine the validity

of such a hypothesis. 22

-

Attempts{}é discover whether difficulties in expressive

S . ’ ' -
' \
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speech are associated with abnormal ear asymmetries for

verbal material on DL have yielded contradictory results.

Abnormal ear asymmetries have been reported in children wlthI\ -

seTious speech delgyf(Sommers & Taylor, 1972) and in child
(Sommers, Brady & Moore, 1975) and adult stutterers (Curry
& Gregory, 1969 ; Sommers et. al., 1975). 125 However, normal
ear asymmetries .were found in child (Slorack & Noekr, 1974 »
adolescent (Gruber & Powell, 1974127) and adult stutterers
(Dorman&&hmznrﬁﬁggs, Sussman &Iyacﬁeﬂlage l9?éo) 129

iv) Miscellaneous- studies. One might® argue that DL in it-

' self may not be suffidient to detect the nature of any de-

viation.iﬁ\sfffiral dominence among stutterers because DL
may tap receptive speech specialization (e.g., see Brown &
Jaffe, 1975; Kinsbourne, 1974b), whereas the difficulties
of stutterer:\&Eviously lie in theexpréssive speech area.lso

In Egis regard, Sussman and MacNeilage (1975be)
found a REA in adult stutterers in reporting syllables on
DL, but no ear differences on pursuit auditory tracking
(matching through jaw movements continuously varylng pure
fone presented to one ear with a second tone preseanted o
the other ear). These resulits were interpreted in terms of
gbnormal speech production (auditory tracking) and norpal
speebh perception (DL) in stubterers in comparison tTo norﬁal
sneech gZTroups.

Any expressive speech laterallzatlon abnormality

in stutterers may be related to anomalous EEG activity (com-

TR
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pared to normal controls) in the frontal‘areas_of the left
and right hemisphere of stutterers; even when the stutterers
were not about to speak.(Zimmerman & Knott, 19?4).151
Witelson (1975) found no hand differences in the
recognition of nonsense shapes presented "dichotcmously'sand
a better left hand identificatién of lettefs among a dyslexic
group, in contrast with a left hand superiority in recqgniz; -

N

ing nonsense shapes and a right hand superiority on letter

identification in a normal reading group.
b) Subaverage Intelligence “

Empirical investigation of cerebral dominance in the
inteilectually subaverage, including the mentally retarded,

has been scarce. As pointed out earlier, various clinical and
research techniques have been utilized to assess cerebral dom-

e,
inance in brain-damaged and non-brairn-damaged individuals.
However, the present reviewer is not aware of any detailed

studies of the subsequent effects of lateralized brain lesion

4

in The intellectually subaverage (whether restricted to samples

with or without evidence of prior brain-damage), nor is he

aware of any observations with sodium amytal or ECT to infer

states of cerebral dominance in such individuals.

The situation is only marginally better concerning

in the general population to study cerebral dominance in re-

lation to intellectual variables (e.g., only two studies have
Jones and Spreen

looked at ear asymmetries in relation to IQ).

-rs

experimental cerebral dominance measures that may be utilized

[ P R P T
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(l967)_noted a REA for the identification of'l—syllable nouns
on DL in 6 - 12 yr- olds with IQ's of 69 - 95. Ear advantage
did not vary with mental or chmenological age, but this study
was extremely Doorly designed (e.g., effect of mental and
chronological age confounded, no control group 1ncluded)192
and did not intend to investigatéZ nor did it discuss, the
relation of ear asymmetries to cerebral dominance. Bakker
(1969) likewise did not f£ind any correlation in 1C yr. olds
between ear dominance on ML (for identification of 4- and 5-
letter sequences) aund intelligence (82-146 IQ range). How-
éver, the primary purpose of Bakker (1969) was to investigate
variables‘ogher fhan intelligence, the saﬁple was quite re-
stricted (e.g., age-wise and in terms of subaverage intelli-
gence); and a largely non~validated cerebnal dominance measure
was employed (the reader will alsc recall the criticisms earlier
levied against the Baklker series of studies).
- Hence the data of Bakker (1963) and Jones and Spreen
(1967) both suggest that, in the age and I1Q ranges studied,
IQ was not related to ear differences. But methodological
limitations ir both studies, pointed out above, do not permit
any general conclusions about hemisphere specialization in
childrven in relation to IQ level. |

. However, there is some empirical data from DL (Borowy,
1974 ; Geffner & Hochberg, 1971; EKimura, 1967) and from other"

experimental measures (IEl -- Weitan and Etaugh 1974b; visual

evoked response potentials, VER-Bigum, Dustman & Beck,'1970,

s e s e o ) v
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Dustman, Schenkenberg & Beck, 1975, :Galbraith, Glidden & Buck,
1975, Fodes, Dustman & Beck, 1969) and from limb, eye and

ear preference and consistency (Berman, 1971 Levy, 1969;
Miller, 1971) that might relate %o the issue of hemisphere
specialization in the intellectually subaverage.

A smaller REA for the identifigation of digits on DL
has been reported in two 5 yr. old male samples (Kimura, 1967),
4 - 7 yr. olds (Geffner & Hochberg; 1971) and 5 - 1l yr. oldf
males and females (Borowy, 1974) from lower, compared to
middle and "well-to-do", socioceconomic levels. Geffner and
Hochberg (1971) and Kimura (1967) both suggested that in- *
tellectual factors might be one source of the iower asymmetries
in the lower socioeconomic.groups.lBB’ 154 _

Weitan and Etaugh (1974b) found that subjects with
higher scores on the Scholastic Aptitude Test exhibited zore
consistent LEM than those with lower scores. Because con-
sistency of LEM was seen as an indigstor of the presence of
cerebral laterazlization, it was concludedrthat there appears
to be a direct relationship be%weenraegree of cerebral lateral-
ization and academic aptitude, and that the hypothesis re-
iating incomplete latéraiization to intellectual deficifts
should continue to be entertained.

"Bright" (WISC IQ in 120-140 range, mean -130) 10 yr.
olds (Rhodes et. al., 19589) obtained a consistently larger

amplitude of late components of the VER in the right {(in con-

trast: to the left) hemisphere, an asymmetry absent im "dull”

b
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10 yr. olds (WISC IQ in 70-90 £ange,‘ﬁean -79). However,

the same laboratory (Dﬁstman, Schenkenberg & Beck,'1975)_
latér found-hemisphere VER amplitude differences were similar
in two groups of & - 15 yr. olds differing in mean IQ (110 wvs.
8s). |

_—

The hemisphére asymmetry in VER amplitude noted in

'”bright” (Rhodes et. 2l., 1969) and other normal groups at

various ages (Dustman et. al, 1975; Schenkenberg & Dustman,
@
1970) was found to be present in 6 - 15 yr. olds, but absent
in a Down's Syndrome group matched for sex, handedness and
age (Bigum et. al., 197C). Dustman et. al. (1973) have
summarized their series of findings on the VER in humans
as follows:
With the majority of children and adults
examined in our lzboratpry the visual evoked
. response was found to be greater in the minor
or right hemisphere. This difference was most
striking in recordings from central scalp.
This hemispheric asymmetry increased during
mental activity, decreased during periods of
relaxation and was diminished or abolished
during ingestion of zlcohol. It was absent
in children afflicted with Down's Syndrome
and in children with reduced intelligence
(p. 301).

Dustman et. al. (1975) speculated that the VER hemis-
pheric asymmetry may‘be related to spontanreous EEG alpha
rhythm, right hemisphere dominance for wvisual perception
or level of attention caused by differential reticular form-
ation activation in each hemisphere, such hemisphere differ-
entiation possibly being less developed or missing in the less

efficient brain.
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However, Galbraith et. al. (1975) have reported that

a Down's Syndrome group did exhibit a hemisphere asymmetry,

“in this instance in favour of the left hemisphere for the

early component of the VER that a matched normal group (meén
age - 22.8 yr.) exhibited, but only at the lowest light in-
tensity (control group exhibited the left hemisphere asym-—
metry for both early and late compoﬁents;_and at all fhree
light intensities). It was concluded: "The results suggést
that evoked response asymmetry is not uniguely characteristic
of the nonretarded nervous system, as previously reported;

but rather appears to depend upon the choice of stimulus
parameter” (pp. 320-321).

In 8 - 14 yr. olds with and without evidence of braiﬁ—
damage, Berman (1971) found a significant correlation between
inteliigence (IQ range 45-145) and consigtency of lateraliz-
atiorn on joint measurés of hand, foot, eye and ear preference
and dominance and lowest consistency in subjects in the 45-75
I1Q range without evidence of brain-damage (lowerreven than
subjects in 45-75 IQ range Nlﬁh evidence of brain-damage).
Berman (1971) felt the latter fﬂndlng raised the question of
absence or reduction of cerebral dominance as a causative
factor in mental/retardation. His reascning was as follows:
since brain—daméée makes the relationship betweern dominance

and intelligence less:predictable because dbrain-damage affects

‘intelligence, the finding that was obtained would be predicted

if cerebral dominance has any causative relationship to in-

i e vt = i : -~

-
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tellié?nce, namely that the group without brain-damage in the
45-75 IQ range would obtain lower scores than the gro&b with
brain-damage in the same IQ:range. This reasoning appears to
be quite ténuoué; there weéé also serious methodological short-
comings in the Berman (l9%i) study (e.g., absence of any
measure of cerebral dominance besides joint measurés of limb,
eye and ear laterality, 6oniounding of CA with intelligenpe).

Some association between cerebral dominance and in-
teilectual ability has also been suggested by Levy (196%) and
Miller (1971). The lower inteilec;ual abilit;\;uggested by
iowe£ performance in left handers (Levy, 1969) and mixed

handers (Miller, 1971) on non-verbal tests, in comparis&h\with

"right handers, was explained in terms of less extensive hemis~

phere specialization in the non-right handed. However, the :
latter two studies failed to employ any measures specifically
designed or adapted to measure cerebral dominance, and their
sﬁeculations are Yased on observation of subjects at the
higher intellectual 18vels (e.g., university samples).

To the knowledge of the present reviewer, besides
Berman (1971), Dustmen et. al., (1975), and Galbraith‘et. al.
(1975), Eershmer (1975; Eershner & Jeng, 1972; Kérshrer &
Rershner, 1973) is the only other writer to have discussed
at any length tkhe topic of cerebral dominance in the men-
tally retarded. However, he prqvideiflittle empirical
evidence to support his speculations about absence of hemss—

phere speclalization in The mentélly retarded (e.g., Kershner,
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1975 and Kershmer & Jeng, 19?2 failed to cite any supportive.

data; Kérshner & EKershner, 1973 cited only the Rhodes et. al.,

1969 study and failed to-note its limited nature)

The reSUrlcted nature of the few studies conducted to.
date that might bg,relevant to any relationship between in-
telligencé and cerebral dominance. can be summarized as follows:
conflicting VER results in Down's Syndrome‘(Bigum et. al,,

1970 vs. Galbraith et.al., 1975) and other samples varying in ]
1ntelllgence (Rhodes et. al, 1969 vs. Dustman et. al. 1975) ;
serious methodological flaws (Bakker, 1969; Berman, 1971;

Jones & Spreen,,l967); quite restricted samples (Bakker, 1969;
Levy, 1969; Miller, 1971; Rhodes et. al., 1969, Weitan &
Etaugh, 1974%); non-validated. and/or questionable 1ndlcators

of cerebral dominance (Bakker, 1969; Berman, 1971; Levy, 1969
Milier, 1071; Rhodes et. ul. 1969; Weitan & Etaugh, 1974b); 7 -
indirect evidence (Berman, 1971 Borowy, 1974; Briggs & Nebes,
1976, see note 133; Geffner & Hochberg, 197l; Klmu_a, 1967;
Levy, 1969; Miller, 1971; Weitan & Etaugh, 1974b - some of
indirect evidence also ﬁot supported in other studies, e.8-,

see note l§4f.

Thus, because of the inadequate and completely non-
definitive nature of research conducted to date on the topic,

no firm conclusions of any kind can be drawn congerning the
) o

‘occurrence and development of hemisphere specialization in

populations of subaverage intelligence.
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D. 'Summary of Issues Reviewed

The present review has covered the following areas.
There is strong clinical and eiperimental evidence\that in-the
vast majority of adults (almost all right handers and the maaor—
ity of left handers), the left hemJSDhere is specialized for
the processing of verbal, language and language-like inform-,
ation. More speculatively, the left hemisphere may bé the
pain site for temporal Derception, sequential analysis .and
analytical, linear, logical and categorical thought. Though
the evidénce is somewhat less extensive, more ambiguous, and
quite controversial, the right hemisphere is Thought to be
specialized for certain types of non-verbal visual, auditory'
and tactual information processing (e.g., visual-spatial,
facial recognition, music, environmental séunds, tactual-
spatial, and more speculatively, ”wholistic” Gestalt perception,
noc~-linear uhought and ceﬁtaln types of emotional percentlon
and/or medlatlon) Left hemlsphere functlonal'spec1al;zat10n_
appears to develop in early chiidhood (i.e., 1% = 5 y»., with
some degree of specialization perhaps even being present at
birth, and perhaps contlnulﬁg to develop untll as late as

puberty). Whether such sne01allzatlon completes its develop-

- ment by puberty or much earlwer, the con5011datlon of. such

specialization-and accombanyang "plasticity" of hemmsnherlc

organizatign untll the conclusion of such consolﬂdatmm.appear

to continue until puberty.. Some sort of parallel developmental

process may occur in relation to~right hemisphere functional

specialization, though the research and speculation concerning
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the dévelopment'of right hemisphere specialization is-é re-
latiﬁeiy negleéted ared. )

~ Such hemisphere specializatioh appears to beqrefleéted
in differential involvement of the hemisphergs of adults and
children in the handling of verbal, language vs; certain types
of non-verbal, non—language material that is reflected in
asymmetries in lateral nercentual and perceptual—motor per-
formance (e.g., tachistoscope VF recognition-and ear identi-
fiéation asymmetries on DL, VF and ear reacfion time differences,
IEM) and possibly in 1ateralize¢ glectro-cortical activity.
Althqugh the results with stutterers havéfbeen contradictor%,

there is a fair amourt of experimental sqppbrt (e.g., data

from DI) for the possibility that dyslexics exhibift either

. specific abnormal development of left hemisphere language

specialization or an sbnormal general development and/oxr

general dysfunctioning of the left hemisphere. The paucity

of research and impossibility of firm conclusions pertaining

. to cerebral dominamce in the intellectually 'subaverage were

also notéd._

The research review suggested absence of evidence that
éex*differences-exist in the.onset, development and final .
status in the adult ~of the type of left and right hemisphere
dominance tapped by conventional DL, although there is incon~
sisﬁent evidence that ‘sex differences may exist for hemiéphere

specialization for ‘some specific material tapped by some other

cerebral dominance measures (e.g., visual-spatial processing).

C e e -
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A separate section will now be devoted to an evalu-
ation of DL, the research tool employed in the present study

to assess hemisphere functional specialization.

N
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E. Dichotic Listening as a Measure of Cerebral Dominance155
This seotion will provide a rationale for DL as a

measure of cerebral dominance and its specific selection for
the present thesis research by presenting: 1) an anatomical-
physiological description of the auditory system; 2) models
proposed to explain how DL iﬁput might interact within this
anatomical-physiological system; 3) an outline of cbjections
to the’use of DI as a cerebral.dominance measure; %) com-
parisons of DL with other cerebral domiQ§nce measures.

1. Anatomy and Physiology of the Auditory System

Netter (196%4) has provided a graphic illustration and

a verbal description of the anatomy of the auditory system.
Fibers from the cochlear nerve enter the brain stem at the'
lateral side of the poné and immediately separate to enter and
synapse in the dorsal and ventral cochleér nuclei. The acoustic
pathways o the‘cortex are described as complex: many of the
fibers decﬁssate (i.e., cross over to tpe opposite side of The
central nervous systemw) after synapsing in the coéhlear nuélei;
and. whether they decussate or ndt, ﬁroceed to synapse or pass
around the superior olivary complex,’ fhe nucleus of the lat- .

eral_lemniscus and_tgs inferior colliculus on the roof of the

-

-midbrain before synapsing in ?he'medial geniculate body of

the thalamus. Fron the medial geniculate body impulses radi-
ate to Heschl's gyrus on the supratemporal plane (auditory
cortex). Hence, due to the partial decussation, input from

one ear activates both cerebral hemispheres. -

]



REVIEW OF THE LITERATURE 99

However, thgre'is strong electrophysioclogical evidence

That suggests that crossed auditory pathways aré more effective
than uncrossed pathways. In a study of auditory fibers be-
tween the medial geniculate nucleii and the auditory cortices
of the dog, Tunturi (1946) reported a smaller amplitude of
cortical response to ipsilateral than to contralateral stimu-
lation, tﬁough the cortical response was similar in latency,
duration, wave form and initial sign. Rosenzweig (1951) reported
cortical electrical reé;onses in cats to clicks delivered
~monaurally to be significéntly greafer in amplitude in the
contralateral hemisphere than in tﬁe hemisphere ipsilateral
to the ear of input. Rosenzweig (1951) céncluded that each
ear is served by a population of cortical units, but that the
population.representing fﬁe contralateral ear is larger than
That representing the.ipsiiatéral ear, although such popﬁiations
over%ap in that some units serve both ears. Itrwas alsé sug-
gested by Rosenzweig (1951) that an analbgous.situation exists
" in ear feprgsentation at the level of the mediél‘geniculate
nucleil. "4 lower threshold to contralatefal-ear iﬁtensity,‘
interaural.intensity differences and iﬂ%eréﬁral_time difﬁerenceS'
has similarly been observed in chiﬁchil;as (Benson &.Teas,>\
197%6). | | o

- In addition to a g:eatér absolute number of contra-
lateral compared to ipsilateral aﬁditory pathwayé, Rosenzweig
(1951)_also proposed a functional pre-emiﬁence of the contra-

lateral routes: before the two pathways reach the hemispheres

*:
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a pdint of overlap occurs between the pathways where. the
contralateral fibers are able to occlude impulses from the
ipsilateral pathways.

Thus stimuli presented simultan-
eously to each ear would result in the partial occlusion of

creased.

impulses arriving along the ipsilateral route, and the ad-
vantage of contralateral vs. ipsilateral input would be in-

Eimura (1967) further suggested that central ccclusion
may occur "

>
... when twe different Speech sounds must com-
pete for overlapping pathways in the dominant hemisphere,

(p. 171).

the slight advantage of the contralateral input over the
ipsilateral may be further erhanced by central competition."

There is both behavioural and physiological evidence
To support the hypothesis of suppression or occlusion of ip-

silateral by contralateral pathways when both pathways are :

simultaneously activated. Behaviourally, split-brain patients
reported very few (Milrer et. 2l., 1968) or no (Sparks & Ges-
chwind; 1968) digits presented to the left ear on.DL,_cbm—

pafed to the quantity identified at the right ear (Milner
et. al., 1968).

But. the left ear performed on par i};ﬁ/gi%\__J//
.right: ear when the digits were presented monaurally.
supression .

b

The
of the ipsilateral input when a competing stimulus
(contralateral ear inpdt) was present was interpreted as be-

havioural evidence of the functional dominance of the human
contralateral éuditory projection system.
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Physiologically, the existence of fibers in which .
there is suppression of responses to ipsilateral stimulation
by contralateral stimulation has actuglly been demonstrated

by Goldberg and Brown (1969) from recordings of units in the

‘superior olive of dogs and by Mast (1970) from recordings’

in the dbrsal cochlear nucleus of chinchillas.
2. The Dichotic IListening Technique
It was pointed out in an earlier section that DL
commenly consists of the presentation by means of a stereo—
rhonic tape recorder of materigl to each ear simultaneously.
The- technique was introduced by Broadbent (1954) £
study attention and memory and adapted by Kimura (1961zb) to
investigate cerebral la%eral asymmetry of function and the
detection of lateralized lesion effects. Specifically, it was
noted that unilaterfal temporal lobectomy impaired the re-
cogation of digi%s arriving at the ear contralateral fé the

side of  the operation and total number of digits correctly

identified by both ears was affected by left temporal, but

not right ‘emporal, damage and subsequent lobectomy (Kimura,

1961b).  Also, digits presented dlchotlcally were recognized

 moré frecuenuly through the ear contralateral to the hemis-

Phere dominant for speech than from the ipsilateral ear (Xim-

- ura, 196la). Hemizvheric dominance was clearly known or was

: dete*mined through sodium amytal injection in doubtful cases.

K*mura (l96la) 1nte*nreted her results as coansistent with her

earller suggestzon (l96lb) that crossed auditory pathways are
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stronger than uncrossed pathways, and that the dominant
Temporal lobe 1s more ilmportant than the non-dominant lobe
in the perception of speech sounds (see Meyer & Yatés, 1955
and studies reviewed earlier). . I

Kimura (1967) referred to some of the electrophysiolo-
gical evidence from animals described above (e.g., Rosenzweig,
1951, Tunturi, 1946) suggesting that crossed auditory routes
are stronger than uncrossed aﬁditory pathways, and also fel?l
her earlier data (Kimura, 196la) confirmed the suggestion by
Bocca et. al. (19555196 and Singha (19593197 that this situ-
ation applies to humans'as well.

The explanation for the right ear superiority
on the digits test then, was that the right ear
had befter connections with the left hemisphere
than did the left ear, and since the left
hemisphere was the one in which speech sounds
were presumably analyzed, the right ear sounds’
had the advantage of having better access to these
speech centres. (p. 184).
It was also noted by Kimura (1967) that the percentage
1 .
of right handers (90%%.2nd left handers (above 60%) exhibiting
language dominance in the left hemisphere in a clinical popu-
lation, as determined by the sodium amytal teckhnique (Branch
et. al., 1964), corresponded roughly to the DL ear asymmetry
pattern (for digits) observed between normal left and right
handers by Bryden (1965) and Satz et. al. (1965)%38.
The evidence is thus overwhelming that
the asymmetrical furncticning of the 2 halives
of the brain for speech is reflected in
unecuzl perception of words presented
-dichotically to left and right ears. In an
unselected group of normal subjects, speech

~
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functlons will be represented predominantly
in the left hemisphere, and the left cerebral
dominance will be reflected in a right ear
superiority on the dlchotlc digits test.

(p. 167).

After citing studies demonstrating a right hemisphere

. superiority for the processing of melodies (Milner, 1962)

which is reflected in a LEA for melody recognition on DL
(Eimura, 1964; Shankweiler, 1966), and depressed overall per-
formance on DL for melody recognition after righf temporal
lobectomy (Shankweilerg 1966), Kimura (1967) presented a

schematic peuroanatomical model to account for dual audlitory

‘asymmetries. This schematic arrangement 1is presented in fig.

3, which depicts connections between each ear and ecach audi-

togj‘cortex and the-fuﬁctionalldifferences between the two
hemispheres. t was postulated that the dﬁminance of the
right temporal lobe in the assimilation. of melodic patterns
is reflected in a2 LEA and the dominance of the left uemooral"
lobe for the a551m11at10n of words is reflected in a REA.
Sparks and Geschwind (1968) discovered that virtually
complete suppression of left ear performance on DL reéultéd
from sectioning of the anterior commissure and corpus caillo-
sum. This effect (covroborated by Milner, et. al., 1968), and
the fact that .the Kimura model does not explaln why an injury
to either hemisphere selectively impairs the message fron the
contralateral ear,l59 led Sparks and Geschwind (1968) tc pre-
sent an alternate model of the mechanism involved in ear

>

asymmetries. The findings of Sparks, Goodgiass and Nickel,
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Left Hemisphere Right Hemisphere
A (Digits) -(Melodies)

left ear right ear

Pigure 3. Neuroanatomical model for auditory
functional asymmetries (from Kimura, 1967).

102
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1970ab (that in a left hemisphere stroke-induced aphaéig group
a para&oxical leff ear inferiority on DL of words and espec-
ially digits was reported) led to a slight modification of
the Sparks and Geschwind (1968) model.which was claimed to

explain all observations reported to that date. This altered

-

2
model is presented in fig. “.

... this model conjectures first that the
only significant inputs te each tempcral lobe
are from the contralateral ear, waere éeach
arrives in the primary auditory area and is
elabtorated in the-adjacent‘(Wernicke's)
auditeory association area. Auditory inform-
ation is also presumably shared transcal-
losally by fibres between auditory associ-
ation areas. While a callosal pathway for
audition has beer demonstrated in animals
physiologically, it is conjectured only by-
anzalogy from other callosal connections that
this pathway links the auditory association
areas, rather than the primary sensory centers.
0 the callosal pathways, only that returning
the left-ear signal to the left auditory associ-
ation area is of interest, since oral report is.
presumed to issue from the left hemisphere.. 3By
th%s-model, a leslon in the left temporal ccrtex
(X) degrades the right-ear signal both at the .
primary sensory and at the association area
levels, while zffecting the left-ear signal
only at the association area level. The result
is impairment for both ears, worse in the right.
4 deeper going lesion (Y) on the left may reach
the transcalloszl pathway, severely impairing
the input from the left ear. The result is
impairment in both ears, worse on the left. 4
lesion in the right temporal cortex (Z) degrades
only the left-ear Iinpuft, lezving the right-ear

. report intact. This model not only accounts for
the findings of Sparks and Geschwind (1968) and
Milrner, Taylor, and Sperry (1968) in callosally
sectioned Ss, but shows why ipsilateral ear
extinction may be confined to left-hemisphere-
injured Ss. The distinctlon between primeary
and assoclation area functilon for the first
time suggests why the right ear is usually the
more impaired after left-hemisphere damage.
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g‘f\\\‘) I\
xt¢ \P‘ Y
{r leff ear ' right ear

A = Aud. Asscoc. Cortex
P = Primary Aud. Cortex

Xy ¥yZ = Lesion Sites (see text)

Figure 4. Proposed model.for hemisphere functional
asymmetries and.lesion effects in dichotic listening (from
Sparks, Goodglass & Nickel, 1970b). -
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The normal right-ear dominanece effect is
attributed t¢ the information loss suffered
by the extra step of’ transcallosal trans-

mission to 'the left-ear signal. (Sparks,
"~ Goodglass & Nickel, 1970b, p. 196).

’

An essentlally similar descrlptlon has been forwarded
by Berlin et. al: (l979b) who have added two refinements to
this type of model. the importance of distinguishing, if
appropriate, between the left anterior temporal cortex as the
site of the left temporal lobé lesion and thé left posterior

temporal-parietal cortex as the site dominant for language

~and speech processing:; and the possible contribution of both
' 140, 141

hemispheres’ (e.g. right and left temporal lobe) in DIL.

3. Objeqtionf.gc Dichetic Listening as a lMeasure of Cerebral
DominanceL% : .

Inglis (1965) and Inglis and Ankus (1965) have argued
that the RE4LA on DL for verbal materials is nof due to a per-
ceptual or recognition superiority at the right ear, but to
response strategies, the REA depending upon order of report

from the two ears. A4 typical DL procedure is a 3-pair pre-

- sentation of digits followed by the reporting of these three

digit Dairs. All digits nresented to one ear tend to be re—-
ported before nglus Dresented to the second ear (Broadbent,
1954.; Bryaen, 1962; Satz et. al., 1965), and +tHe first ear re-
ported generally is the more accurate. The ear reported first
in adults is very often the riéht ear (Bartz-ét, al., 1967ab),
although Satz et. al. (1965) and Carr (1969) found the right
ear and the left ear were reported first in épﬁréximately equai
propositions, the REA.occu;riﬁg on the delayeq:étOrage_half_
—

wr
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spans rather than when the right ear was reﬁorted first.

Hence Inglis (1965) and Inglis and Arkus (1965) postulated that.
the- poorer performance of the left ear may be solely due to
forgetting occurring by .the time the subject reports from the
second ear.. The importance of ear order of report was Sug-
gested in 5 - 10 yr. olds (Inglis & Sykes) 1967) vhere digits
D“esénted to the right ear reported seco wéﬁe.not identified
31gn1fzcantly apy more freguently in any of 18 comparisons (6
age levels w1th l— 2- and 3- pair sets) than digits reported
second from +he left ear (though right ear score numerically

higher on 12 of the comparlsons). On material reported first,

a REA was present on 15 of 18 comparisons, but significant on

only three comparisons. There was also no significant pre-

ference to report digits from the right ear first.

However, the REA is evident even when response rivalry

- between &\? _ears and any atteﬁaant response strategles are-

controlled by reoulrlng subjécts to Aeport either from the

right or left‘ear'(Bryden, 1967; Kimura, 1967; Schulhoff &

C 'Goodglass, 1969). Other manipulations of reporting (e.g-,

report all material from one ear first) may affect accuracy,

but do not eliminate the EEA (Brydén, 1963; Satz et. al., 1965).
Tﬁé REL has persisted even when multiple cholce recognition,
rather than recall is employed (Broadbent & Gregory, 1964) ,

and when syllables axe presented in single pairs on each trial
(Rirstein & Shankweller, 1969; Shankweiler, 1971}, such pro-
cedures presumably minimizing any "ear order of report” and

memory factors.
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Oxbury, O\bury and Gardlner (1967) offered a similar
explanation to that forwaraed by Inglls (1965): that the REA
on DL may be due To an attentional bias toward the right ear
when free recall is employed. When ear oxder 65 report was
~\\\\fandomized, Oxbury et. al.‘(1967) failed to find an ear per-
ormance asymmeily, thbugh‘theie-was‘a gifference between
firQE and second Chénngi'reported. But Satz (1968) argued
that désigﬁ and pﬂbcedure weaknesses were nresent in the study
of Oxoury et. al., 1967 (e ey slower rate of digit present-
ation, quest;onable tape quallpy). Sata (1968) CLteqhgeven
--studies that found afREk‘e#en when Qraer of report was con-
trolledl45,'résultsfieplicated iﬁ other studies as well (Bryden,
1965, 1967, 1969, Ztrif,'&'Bryden, 1969). The REA is present
_Qven when ear o Qe;‘bf report 1s taken into account in the
;éoring proééauge (nyden, 1970)'and"when compariﬁens hetween
ears involve ears_reported fi:st éf'ears feported second, or
whether the coﬁparison ig limited to those trials on which zll .
numbers are reported from the second ear (Bryden, 1967). There
is thus strong ev1dence th t the REA for identification of ver-
bal materials on DL.is due prxmarlgy to perception, rather than
order of report, effects.
' Even'if it is granted that order of report 1s one source
of variation in DL (e.g., the REA under controlled oragr-of
-reborb, thougb szgnlflcanu, nay be attenuatea compared to z
free recall 51tuatlon) Satz (1968) DOlnted out that the tendency

.

of subjects‘to report from the right ear first still requires



'BEVIEW OF THE IITERATURE 108
explanation. It was argued by Satz (1968) and Bryden (1967)
that the Klmura perceptual model provides the most reasonable
and nost parSLmonlous lnterpretatlon.

- The tendency to. employ ear .order of report, especi-
ally at the faster rates of presensation (e.g., pairs separ=
ated by -5 sec. in 2- and 3- pair sets) has also been demon;
strated in 9 - 10-yr. olds (Witelson & Rabinovitch, 1971),

6 - 14 yr. old normal reading and dyslexic boys (Witelson,
1975), and 4 - 7 yr. olds (Geffner & Hochberg, 1971; Witelson
& Rabinovitch, 1971). Thus, normal children. at least as
young as 4 yr., and dyslexics, at least as young as G Fr.,
appear to spontaneously adopt the same recall strategies as
adults do “ander the same cbnditions. |

Adéitional eﬁidenée interpiéted as supportive of the
Eimura perceptual hypothesis vs. the.memory or storége model ‘
- of Inglis (1965) is provided by DL studies in which respoumse )
is delayed. Spellacy (1970) and Spreen et. al. (1970)
suggested that the storage hynotheéis.would predict increases
in ear asymmetrles with longer delays because 0l greater loss
'Wluh time of the material stored in the unattended channel;

a decrease "of such‘eai asymﬁetr;es with long;r delays would
be predicted by the perceptual-hypothesis since differentizl
input processing occurs at the percepvual level. The differ-
énce between the two channels would be-ﬁaximal at short inter-

vals since longer delays would produce %E equal amount of de-

- cay from both ears, which eventually would reduce ear differ-
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enceé. Using different S-R delays in DL of‘musical input,

Spellacy (1970) and Spreen eft. al. (1970) found the earlier
demonstrated LEA for the recognition of such stimuli (e.g.,
Kimura, 1964) to decrease significantly at the longest S-R

delays employed (12 sec.). These results wefe thus inter-

preted as support for the perceptual model.

Nachshon and Carmon (1973a) reported a similar REA
with S-R delays-of 0, 1 and 3 sec. for DL of digits. 3y
offefing a slightly different prediction based on the Kimura
model from that of Spreen et. al., 1970 (that decay of input.
as a function of time producing identical performance decre-
ment in the two ears would lead to a prediction of constant
ear differences, regardless of S-R delay), Nachshon and Carmon
(1973a) interpreted their findings as supportive of the Kimura
fual model. ™

AnoTher proponent of an attentional explanaticn in ear
asymmetry performance is Treisman and Geffen (1968). Treis-
man and Geffen (1968) had subjects shadow connected prose in
ore :-ear, while responding manually (”tapping"j to desigﬁated
cues irrespective of éar. A REA was observed both in shadow-
ing and in tapping when the tapping cue appeared in the ear
where input was not being shadowed. Treisman and Geffen_(l968)
interpreted these results as indicating that ear asymmetries
appeared only wher the attention of suﬁjects was.directed to
some other aspect of the task, the BEA being produced by =

difference in the distribution of attention to left and right
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ear input reaching the left hemisphere épeech.areas.‘ They
suggested the difference in distribution of attention might
possibiy be due to unegual percgptuai capacity of speech
mechanisms activated by left vs. right ear input (the reason-
ing here would appear to be completely tautological, that
right ear messages are perceived more effegiively because
they are attended to, butb théy are attended to because %hey .
-are perceived more effectivelx!!ll). Geffen (1978) later
rejected the attention explanation after Ilinding an egual
REA in 5, 7 and 11 yr. olds on 2 DL monitoring task (both
a reaction time and accuracy REA for l-syllable nouns) even
after signal detection analysis ruled out response bias
factors. Geffen (1976) noted the attentiocn hypothesis fails -
to explain why the ear advantage is right rather Than left,
°

why the REA is due to certain aspects of the speech signal
and why nou—verbal—input elicité a LEA.

Einsbourne (1970) also related lateral percéptual
asymmetries (e.g., ear or VF recognition superiorities)
¢ hemispheric specialization in man. Thus Kinsbourne (1970)
did accept the first component of the Kimura model, the state-
ment that observed lateral asymmetries in humen perception
are related to asymmetriés of representaticn of function in
the cerebral hemispheres. However Kinsbourne (1970) did not
accept the_second component of Kimura's (1966) explanation
that the effects are a conseguence of more efficient inform-

ation channeling by the sherter input pathway.145 Instead

B-a A
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Kinsbourne (1970)postulated that the lateral asymmetries are

a function of diffefential expectancy which'gccuis because
preponderant activation of one hemisphere with ceftqin‘ty§e$.;
of material biasés attenﬁion ﬁo fhé contralateral side. This
view has obvious similarities to thé positién of Inglis (lé65),
Oxbury et. al. (1967), and Treisman and Geffen (1968).%% -

" Kinsbourne (1970, 1975, 1875b) has‘présented experimental
evidence, primarily through VF input,  for his hypotheticgl
attentional model to explain lateral asymmetries (e.g., a -

RVF superiority for the identification of the presénce and
location of a line gap occurred only wifh céncurrent verbal
activity). A significantly faster right hand reaction to”iigﬁf..
with verbal, compared %o non—verbﬁl warning signals (but no :
differences for the left hgﬁd_— Bowers &.Heilmgn,-1976);2§§ a;so:
been interpreted as providing partial support to the model of
Kinsbourne (1970j. Additional evideﬁce that suégests-that atten~
tion vlays at least some role in perceptual and hémisphere—related
asymmetries has been provided by Klein, Moscovitch and Vigna
(1976) and Moscovitch (in presé). In order %o control for . "
such attentioﬁal'or expectancy biases, Kinsbourne (1970)

suggested the random presentation of different types of

material (e.g., verbal and nonverbal material are intermingled

on. DL, so that z subject will hear randbmly either two words

or two melodies; if lateral asymmetries are due to attentional

bilases, the attentional model would predict that when word

and music recognition are analyzed, one or both of the asym—
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netries will fail to appearj.147'   i S ‘
‘ However; there is a‘good degl of_evidence pertaiﬁing
‘tc'reaétion timé to VF‘information_that fails fo support the
Kinsbourne attentionél nypothesis, or at least suggests that
other factors are as important or.more important in promoting
perceptual asymmetries. In an investigation 0of reaction time
to name and thSlcal matching nresented to the RVF or LVF,
Geffe .et. al. (1972) noted practlcany no effects when expec-
tanéies. £ subjects were varied (i.e., faster reaction con-
tlnued to occur to stimuli to be méﬁched'on the basis of names
when the stimuli were Dreseﬁtea in the RVF and faster reaction
aisc was sustalned ln the ﬁVE mhen matchlng was on the basis:
of physical cues) - Cohen (1972), in & Very 51mllar ae51gn,
obt alned clearcuu reactlon tlme dlf;erences in favour of the
RVF for name matchlng and LVF suberlorltv for physical match-
1ng, even though the o*aer of Dresentatlon of material was
. randomized. Citing these latter Two stuules and adaltlonaTs
data (e.g., Springer, 1973), MOSCOVltCh (1873) concluaed that -
attentional biases may augment, but not cause sucb_perceptual
. asymmetries. lore recent studles have coﬁtinued to- obtain
VP reaction time (Berlucchi et. al., 19743 Moscovitch, 1976)
or recognitioﬁ asymmetries (Dee & Hannay, 1973) in the pre-
" dicted (Kimura) direction when verbal and non-verbal materiai
igs randomly varied. |
Dee and Hannay (1973) concluded that exnectancy plays
a very minor role (if any) in_ asymmetry of perceptual per-

1
formance.l+8
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The present reviewer has not been ablé to discover any

studies in the auditory modality (e.g., DL) where verbal and

non-verbal information have been randomly presented.lqe

However, Morais (1975) has noted that, on ML, a REA was noted

for speech, even when subjects knew in advance the side of

presentation. Morais (1975) felt that this result could not’

be attributed to lateral bias in voluntary attention.
Although the reader is reminded that the occurrence

of ear asymmetries on DL is dependent tTo some extent on type

of material employed (e.g., recall the differing consistency

of results concerning ear'asymmetries on DL depending upon?
the tjpe of'vérbéllinput utilized; Brunt and Goetzinger, 1968

also found a REA with the XKimura digits and EKatz woxzds, but

'not Dirks words test on the same adult'samplelSO), ore would

have to agree Wholeheartedly with the conclusion (Dimond, 1972)

‘that the -evidence is substantial concerning the presence of

ear dominance éffects.on DL, especially ea:'asymmetries fof
the'identification”of verbai matéfial:

The DL measure is also a reliable and stable measuré .
of ear'asymmetries._ The following-tést-retest correlations
have been reported: 1) with digits - .86 overall in normal

adults (Hines & Satz; 1874), .81 overall in elementary school-

children (Sommers, Moore, Brady & Jackson, in press}, with

‘only 10% showing a definite change in ear dominance (Pizzémiglio,
Pascalis & Vigrali, 1974 ‘2) with other verbal material - range
of .79 to .90 for the right ear and .45 to .86 for the left ear
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in right handefs‘an‘four'separafe oocasiohs,lsl with slightly
" Lower correlatiéns'in left handérs (Fennell et. al, 18727ab) ,
.91 or higher in aphasic adults (see.Sommers et. al., 1975),
.90 in elementafy school children (Sommefs et. al, in pfess),
test-retest correlaulons that rémain-sfatistically'uﬁaltéped
(see Berlin, 1977) even & yT. later (Troendle eu. al., 10”4)
and with 71% maintainin ing thelr ear asymmetry on -second tesulng
(Blumstein et. al., 1975). The hlgher test-retest correlation
in elementary school child?en for words (.90), compared to
‘diéits (.81), reported by Sommers et.'al (in press), is g::e-
plication_ox DL ;1nd1ngs in adults of greater test-retest re-
lizbilivy of woras, comnarea To dmglts (see Ingram, 1075)

In summary, uhere lS strong ev1dence uhat DL is =
valid measure qf.hemispheré spe01allzat;on (1.e., prlmarlly
reflects the presence of hemisphere_specialization) and that
‘the Kimura model and its adaptations provide the most well- -
sabstanulatea and Dax 51monlous explanation to date of the re-
laulonshlp between DL effects and hemisphere speplallzatlon.“
Although its test-retest reliébility'places some restrictions
~on its validity (reliability is a necessary, bul not sufficient
dondition for validity — Crombach & Meehl, 1355) and useful-

. pess for clinical prediction, reliability studies conducted
to date clearly support the continued utilization of DL as a
research tool in assessing the presence of cerebral doﬂin—'

ance.



REVIEW OF TEE LITERATURE © 115
4. Comparisoans of Dichotic Llstenlng with Other Cerebral

Domlnance Measures

A detailed ratiénéle and'supportive research for

the employment of DL as a measure of cerebral dominance have

now been presented. ?his subsection will compare DL with
other measures of cerebral dominance (ECT, sodium‘amytal,
phi-test, and VF, reaction time, electro-cbrticél,‘kﬁﬂ
‘and tactual asymmetries, pursuit auditory‘tracking; and. -
otherrtechniques), both in general terms, and specifically
in reference-tq the samples of children selected for the
reviewer's the51s study.
Although ECT and sodium amytal may in all

obab111 provide the most ‘accurate indicaters of speech
and 1anguage qomlnunce devised to date (and dominance for
any non-verbal functions of the hemisphere not dominant for
épeech), for obvious reasons.their use should be restricted

to select clinical populations (e.g., to.provide information

" aboutb cru01al clinical decisions)..

The’ Dh”-teSu has not been exten51vely *esearchea,
presumably because of its limited potential usefulness as .
a‘cerebral-dominance measure. The'lasf paper the present
feviewer ig aware-of-that assessed the phi—tesf as a cere-
bral dominance measure (Spﬁeen et. al., 1966) concluded: 1)
the technique does not appear to be 2 more Fel*ab‘e predictor

of cerebral domin a“ce Bnan.handeaness or other lgterallty

tests; 2) these results, especially when one considers‘test
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épparétus complexity and skill required of'both subject and
tester, do not encourage further use of the test in clinical
§tudies. Thg present reviewer would add that the skill re-
gquired of the subject would preclude its use in young child-
ren,‘éspeciaily of subaverage intelligence.

There is a great deal of debate about whether the

. tachistoscope - VF technigque, especially with bilateral pre-

sentations, reflects cerebral dominance primarily,or the in-
. ' . »
fluence of directional scan associated with reading habits,

or procedural artifacts, such as a bias produced by fixation
. ’ -, o

procedures employed (Bryden, 1966; Carmon,Kleiner & Nachshon,

1875 Carmorn et. zl., 1976; Hines, 1972ab; Kaufer, Morais &

Bertelson, 1975; Kershner, Thomas & Callaway, 1977; lcKeever,

1971, 1974; Mckeever & Huliﬁg, 1971abs McEeever, Suberi & : -

"Van Deventer, 19?2; McEeever & Gill, 1¢72; Olson, 1973; White,

©1969; -1873). The unilateral presentation precedure, particularly

with single stimulil presented at brief exposure, seems $o be
the least conbtaminated measure of cerebral dominance (Bryden, ﬁ
1964, 1965, 1966; White, 1969, 1972). However, in an ex-

tensive review of relevant research, White (1969) concluded

that the datz relating cerebral lateralization to VF asymmetry

is not as clear-cut or as conclusive as are the comparable

auditory data.

Llsc, few studies have been conducted with visual Tests

in lobe-damaged patients (White, 1969) and even fewer in such

patients employing material presented tachistoscopically to
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each VF (e g., See earlier llterature reV1ew) The bresent -

reviewer is not aware of an; VF validity studies. comparable

" to Kimura (1961ab) relatlng known or clinically determined

cerebral domlnance to DL performance for nglt identification,
and the only VF test-retest research korown to -the present re-
viewer only recently appeared (Fennell, et. al., lQ 7ab)

The few VF studies that have been conducted in children have

~also v1e1cec confllcUlng “esults (Carmon eu.al 1 276 ; Fo*gavs,

1055: ﬂcneeve¢ & Huling, 10703. Olson, 1973).
Agaln, even if the VF {echnique is accepted as a

measure of cerebral dominance accurate enough for experimental

. purposes, the VF viewinQ'and rapid exposure requirements would
render this meﬁsu“e 1_ DD“OD“l ate. with young, esneczallv vou“g.

intellectually llmlbec, children (e. g., the nece551tv to

attend v1suc_lv o a _Ikutﬂon point or %o sucmxt_to«special
devices; such ac co c .lenses - see Dimond, 3ures, rarrlngucn
& Brouwers, 1975 - to insure material -is- exposed only to the
intendec VF, requirement to 1ﬁa1cate recognition or laenulflc—‘
ation of material ?iewed.by seWectlng from visual alsDTay,
By-speech etc:,_iﬁ contrast vo, for example, 2 simple repetit-
ion of a“spsech sound heard on DL). The diff 1culuy of VF task

L - o ' .
regqulirments pay explain the fact that the youngest children

studied with/this technigue to date, to the lmowledge of the

present reviewer, are 6 yr. olds (Carmon et. al., 1976; Witel-

so n 1975) and graae 2 WeveT chlidreﬁ (OlSO ’ 1975)-
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Moscovitch (1975) has provided a detailed review

of reaction-time research in normal populations; he also

présents a case for the potential utility of %he technique

in substantiating the different models of cerebral dominance.

It is argued that this technique will provide evidence con-
cerning absolute hemisphere functionsl differences in normals
(e.g., whether a particular hemisphere plars any role in

ce;taln types of information rocessing), while the value of

VF and Du measures 1s acknowledged .in conthulng to con

trlbute to our knowledge‘of_relative hemisphere functional

differences. - In this regard, the preseant writer's research

is interested in the'develpﬁment b; relative differences in
hemisphere.specialization.

In additibn, the reaction time ‘technique has not
bgén Iresear chea nearly as ewxen51velv as DL (e.g., see Mosco-
viteh, 1973 ;ev1ew) includin 2g 2 Scarci ty, iT not a ccmplete

absence, of vallalty and relizbility studies. The present

reviewer knows cf no -studies of reaction time in chiléren.

. This scarcity of research utilizing the reaction

CTime technioue as a cerebral dominance'measure in children

may again be due uo'uask recuirements (e.g., the procedure

oqullned bw Moscoviteh, 1973, ? r VLsua_,materlal regquires

proper fixation and the ability to indicaté any identifica-

tion or recognition of the material fixated, along the

a_men51on required, by selecting the relevant response option

‘provided). Again, without si'“ificant simplification, such

task. requlrements would be comnletely inappropriate for very
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young, and young children_of sﬁb;averége intelligence.

Any re;ationship bgtweén.electro-cortical measures
and cerebral dominance.haé not been clearly established.
Although hemisphere differences in elicitation of visual
and anditory evoked ggtentiéls that follow the verbal vs.
non-verdal dichotomy have‘béen reported in adults (Buchsbaum
& Fedio, 1969; Cohn; 1971 ; Fedio‘& Buchsbaum, 1971; McAdam
& Whitaker, 1971; Molfese, 1972; ﬁorréil & Salamy, 1971;

' Schenkenberg & Dustman, 1970 Wood et. al., 1971) and re-

plicated in infants and voung chllaren (Schenkenberg & Dust-
men, 1970 and studies cited in notes 101 and 102), negative

evidence has also been revorted (e.g., Davis & Wada, 1977

. with S week 0ld infants;-adults-Névillé,A19?4). Gaz:aniga

(1970) and Friedman, Simson , Ritter and Rapin (1975) both

concluded that only 2 margiral or no relationship exists be-

tween evoked potentials effects and hemisphere functional

differences (e.g., as reflected by other perceptual measures
of hemisphere functionming). An illustration of this-possibly

only marginal relationship is the unstable occurrence of

~auditory evoked potentials o? greater amplitude for early

components and shorter latencies for later componénts,iﬁ'the
left, compaied to the éight, hemisphere in response to DL of
digits which produced the REA (Weville, 1974 vs. Haaland,
f1924). 4lso, no validity or rTeliability studies comparable
to those'conducfed on DL have been'reported.

Regardless of their accuracy in reflecting states of
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cerebral domlnance, employment of electro cortlcal measures
in studying the types of chlldren 1ncluded in the reviewer's
thesis research would present numeTous practical problems
(e.g., parent permission likely harder to procﬁre, given
the necessity of data gathering in a laborstory setting, and
desirabi;ity of presence of parenté concerning reactibns cf -
many young and low functioning children to lab setting,
electrode placements, etc.).

- - The,present reviewer is alsesscepiical about the use-

fulness of IEM in reflecting cerebral dominance, an attitude

shared by at least one highly respected neuropsychologist
_(Reitan, 1976). The techmigue has not been thoroughly re-
éearched‘(see_relevant research earlier reviewed). A plaus-

ible eiplénation is also lacking cf why ILEM would be related

o

" to hemisphere dominance, although chservations have been

offered that may be relevant to any relationship (e.g., Bakan,

1971, stated that eye movements to the left or right result

from stimulation of the right or left oculomotor area., res-
pectively; Kinsbourne, 1974c, noted temporary anesthetization

Qf one hemisphere through sodiur amytal injecticn is followed

. by sudden extreme movement of gaze toward the side of anesthesia -

Kinsbourne concluded that each hemisphere must contribute a
SR

tonic influence to direction of gaze).

Techniquéﬁ\reviewed to this point as cerebral dominance

-measures (with the possible exception of the phi-test) may be

' utilized to assess hemispheré specialization for either language

e T L ) -

L
-
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or non—language Drocessing. However this dual Durnos? pot—
" ential does not appear to be the case for tactuzl and Fther
somatosensory asymmetrles. Evidence for somatosensory asym-
metries that relate to hemlsbhere asymmeurles is elther con-
tradictory (e.g-, ev1dence reviewed by Blakemore et.;al.,
. 1872 concerning pressure perceptioﬁ,:focal vs:rdfffuée dis-
ruption depending od'hemiSDhere damaged, tacfile di;c*imin-
ation), or would seem %o relaue solely to right hem&snhere
sneC1allzatlon (e.g-, cllnlcal populations - Corhzn, 18 65,
DeRenzi et. al., 1968, 1970, Levy—Agrestl & Snerry, 1968;
normal adults - Benton et. al., 1979, Murray & Hagen 1973;
normal children - Ghent, 1961 Kimura, 1963Db, Wluelson, 1974
1975, in press). ' | f
Evern if one wished to emolov tactual asymmetrles as
' - a measure of rlgnu hemlsnnere sne01allzatwon jﬁhlle choosing
some other means of assessing left hemlsphere;spec1allzaulon,
Task requirements again would likely be beyoﬁd young children, -
especially young, intellectually subaveiaéeﬁchildren.

ML is another technigue that.ﬁae ggé been adequately
researched. The ordered recall‘monaural iistening technique
‘has -been researched primarily by Bakker 51967, 1968, 1969,
1970 19%3) 5 and the latter Suudles are open to serious crﬂulc:sm
B on sambllng, general de51gn and statlsulcal grounds (see earlier).
There has alsc ‘been little research w-ﬁh other types of ML (see —
relevant portlon of this review), €.g., 0o validity or re- .

lizbility studies or‘models offered of the processes involved.

. _/’ b ’ 4
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Pumsuit auditory tracking and other technique# sug-
guested as cerebral dominance measures (see earliexr) have as
vet been so little researched that a major study would have
to be undertaken to establish whether and te what degree
any of these techniques are related %o cerebral dominance;
only then should one consider any of the specific techniqﬁes
‘as ﬁhe soie or major measure of the presence of cerebrai
‘dominance in & Ph.D level thesis. -

Thus, the dichotic presentation of verbal material
was selected for the present study because DL ‘of verbal
material is the mostly extensively researched, validated
and accepted measure of hemisphere épecialization for lang-
uage. processing (Gooéglass, 1973); DL also demands only
minimal capabilities of subjects (i.e., repeat or ideﬁtify
sourds heard). Digit material was specifically selected
as the verbal measure (in sSpring-summer, 1974) because its
employment untilithaz point had consistently.yielded'a REA
in adults under a variety of conditions, and in children
(Eimura, 1963b, 1967, Knox & Kimura, 1970; the only non-—
supportive study in c¢hildren to that point, Bryden, 1970

providing ambiguous and inadequately analyzed resulis, see

" note 99; the unpublished research of Bryden & Allard, 1973

and Darby & Satz, 1973 was not cited in the literature
until the Satz et. 2l., 1975 paper; and other non-supportive
regsearch also appeared sﬁbsequent to the spring-summer of

1974, e.g., Bryden & Allard, in press., . Satz et. al,
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1975).152 The specific digit tape utilized in the present
study also yielded a REA in adults ir a pilot study conducted
by the present reviewer (see appendix 4).

Despite the cautions ea;lier discussed concerning
the possibility of the existence of right hemisphere specigl-
ization, it was decided te utilize in the present thesis re
search a task possibly measuring right hemisphere dominance
because of the informative potential ¢f data from cdncurrent
measures oi right and left hemisphere functioning (e-g-,

whether any asymmetries for languég;‘;;%ésial precedes,

cccurs simultanecusly with, of'follows the appearance of
asymmetries for non-language material). Auditbry non-verbal
information was decided upon, and specifically non-verbal -
auditery material'on;DL, pecause of the complimentary and
non-disparate nature of such material and its administration
with the auditory verbal informaticn selected as the elicitor
0f left hemisphere processing, because of minimal capabilities
demanded of subjects (repeat or select sounds heard) and be-
cause the literature has provided consistent support for
right hemisphere specizlization in adults for éuch guditory'
non-language material as melodies (clinical - Bogen, 196Sb,
Chase, 1967, Milrner, 1962, 1967, Luria, 1973, Schulhoff &
Goodglass, 1969, Shankweiler, 1969; DL - see literature re-
view) and environmental sounds (clinical-Spreen et.al.,

1965, Spinnler & Vignolo, 1966,.Vignolo, 196%9; DL - Curry,
1967, 1968). )

-~
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Environmental sounds were specifically selected as
the auditory non-language material because melody recognition
has been noted to be too difficult for young children (Kimura,

1974, personal communication) and because the identification

0f environmental sounds oz DL has yielded'a 1E4 in adults

(Curry, 1967, 1968) that has been replicated in 5-8 yr. olds
(Enox & Eimura, 1970) and 3-5 ¥yr. olds (Piazza, 1977), the
LEA apparently being a reflection of the right hemisphere
dominance for proceésing of such non-language materizl (see
Kimura, 1964, 1967). The fact that the types of children
studied in the thesis research were capabie of performing
the environmental sound i@entificétion (and digit) task waé
confirmed in the pilot study, which also suggested that a

LEL might be found in a larger sample (see appendix A).
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F. Problems Investigated in Current Study

Rationale for the Study

developrent of hemisphere specialization for verbal aﬁd
non-verbval mafterial in children of subaverage intelligence
requires more definitive study: .

i) no conclusions currently c;n be drawn because of ser-
ious limitations in each investigation conducted to date
possibly ﬁelevant to the issue: confiiéting’VER results
in compariscns of Down's Syndrome and normal samples
(Bigum et. al., 1970 vs. Galbraith et. al., 1925) and

in comparing average and "bright" with "dull" children
(Dustman et. al., 1975 vs. Rhodes et. al., 1969), in any
case the origin of the VER'anQ the relationship of VER
hemisphere asymmetries to verﬁalénonfverbgl hemi sphere

and related perceptual asymmetries.not'dlearlf established
(see Dustman et._él., 1975) ; serious methodological flaws
(Bakker, 1969; ﬁerman, 1971; Jones & Spreen, 1967);: res-

tricted samples - range ¢I- subaverage IQ not extending

- significantly downward (Bakkep, I962; Dustman et. 2l.,

1975; Rhodes et. alf,rl§69) or only samples of at least
average 1Q studied (Tevy, 1969; Miller, lQ?i;—Wéitén &

-Etaugh,‘l97&Q; highly questionable or at least as yet -

non-vaiidated indices of cerbral dominance {(Bakker, 1969;.

Berman, 19717 Dustman et.al., 1975; Levy, 1969; Miller,
1971; Rhodes et.al., 1969; Weitan & EZtaugh, 1974b);

L PN
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iﬁdirect evidence, some of which has ﬁot‘been_replicated,
e.g., the socioeconomic level fariéblé, see note L34
(Borowy, 1974; Briggs & Nebes, 1976, see note-155; Geffen
& Hochberg, 1971; Kimura, 1967; Weitan & &£taugh, 1974b).
ii) with the exceptioﬁ of Berman (1971), none of above
studies screened samples for presence éf?braiﬁ—damage;
however, study of intellectually subaverage -and sigrnifi-
cently subaverage should include some éxpefimental’con—
+rol for any confounding of any brain-damage present, as
the incidence of brain-damage is kmown fo'#ary-roughly
inversely with intéllectual-level’in the intellectually
subaverage (Kushlick & Blunden, 19?55 and‘bfainfdamgge
is likely associated with‘abnofmal states of cerebral
dominance (e.g., Bogen,. 18960a suggested_that‘véry'early
brain—damégeﬁof a diffuse natﬁre_is associated with re-
duced hemisphere specialization; whether brain-damage

is diffuse or focal , and whether it occurs ab birth or
during childhood, one would expect_deviation'from the
normzl pattern of develbpment of cerebral dominance if
damage to a critical leit hemisphere area resuited in

transfer to the right hemisphere, see Milner,‘l96%{155

- Thus, the primary purpose of this‘study is to investi-
gate the ‘occurrence: of the type of left and right hemis—
phere dominancé associated with the developmen% of ear

: ~
asymmetries for the identification of verbal and non-
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verbal auditory input on DL in_children of subayeragé

intelligence screened for absence of medical evidence

of the presence .of a brain lesion.l54

inclustn of some form of control group is desirable:

1) to dompare groups of children with subaverage IQ

with children- of ave;agé 9. . ‘

ii) the development  of the type, or types of left hemisphere
specialization associ#ted with the REA_for.iden‘ificétioﬁ qf

auditery-verbal material has not been conclusively estab-

lished in the average child, neither the REA on DL (despite

extensive research in children) or on ML (few studies and
those that have been done have yielded contradictory results
and are seriously flawed - e.g., Bakker, 1967 vs. Bakker,

1ii) the development of the type, or types of right hemis-

1970, Bakker et. al., 197

M

pPhere specialization associated with the LEL for nonverbal

material requires further ssudy (e.gz.., Dl-in the child older
4 - 2

than 8 yr. as the oldest child studied to date on DL is 8 IT. —

EKnox & Kimura, 1970, with replication and further investig-
ation of developmental tren@s;required in younger children,
given somewhat ambiguous results- of Xnox & Kimura, 1970, for
identification of environmeﬁtal sounds at each age level,
with no over-all LEA observed for identification of animei
sounds{ and given that a second study of identification of
enfiropmental sounds - Piazza, 1977, 3 to 5 yr. olds - appear-

. 1 , .
ed only after the present study was completed ?5; ML - studies



)

REVIEW OF THE LITERATURE : - 128

| finding. LEA in children in reproducing "Morse-like sound

patternd'-Bakker, 1967, 1968, 1970- seriously flawed in

design and/or sampling).

.Samnles'bf children of average intelligence will thus
be 1ncluded Drlmarlly to provide comparatlve dat te that
derived from the sambles of primary interest, the samples

of children of subaverage intelligence; but the data from

the samples of children of average intelligence will also

address the confradictory_literature findings concerning
agé of onset éf the REA for digit identification and will
permit further exploration of.developmeﬁtal trends of
any ILEA for identification of enviroﬁmental sounds-

Design and Hypotheses. ' | ‘

The main independent variables employed in the present

' .research are agé (5, 8 'Tl.yr.), intelligence range,

’(IQ>9O 65-80, <6l) ‘and ear of presentation of digits and

env1ronmental sounds on DL (10 subjects in each age-IQ

) range)-' @he main dependent varizble employed is number

of digits or environmental sounds correctly identified.
The experimental design for analysis of this data is thus

that of S5—way énalysis of variance [A-age(B), B—intelliéence

"(3), and C-ears (2), with repeated medsures on the last

factor and with factor B nested within factor A (Winer,

‘ 1971)].  This design ~ is . represented schematically

in figﬁre 5.
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“Ear of . //-.‘Left ear
-?resentéfionﬂ i Right‘ear‘
1- - IQ Range =~ =
| .»90 “65-80 (61
5 yz. | 10Ss 10Ss ~ 10Ss -
A sgr..|.loss 10Ss 108s -
E d1gr. | 10ss 10ss  108s
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Flgure 5.- Schematic rebresenuatlon of analy515 of:

variance design- adopted ?or thesis research.,-
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These variables were selected to observe the occurrence
and extent of ear asymmetries in identification in reiation to
intelligence and age. The following null hypotheses will bé
tested.by means of éhe analysis of variance and any further
analysis warranted.

Verbal Material:

Hypothesis 'l: thdre will be no significant REA overszsll for

overall identification of \digits (experimental hypothesis -

overall significant RREay edicted from findings of overall REA

in most studies of normal children employing verbal material on
DL and from the fact that childrer of lower and higher IQ have
exhibited similar ear asymmetries for the identification of aﬁdi—
tory verbal materials, see the‘methodolOgically.inadequate re- |
séarch of Bakker, 1869 and Jones & Spreen, 19675-

Hypothesis‘E: the RE4LA, or its absernce, for overall identifi-
cation. of digits will ?e similar across age levels aﬁd_in—_.
telligence. ranges; predicfed from findiﬁgs of a REA at age 5 for

identification of verbal input on DL that does not change in older

age groups (Berlin et.zl., 1973a; Geffen, 1976; Goodglass, 19733

' Hynd & Obrzut, 1977; Kimura, 1963b, 1967; Enox & Kimura, 197C;
Erashen & Harshman, 1972; Mirabile et.al., submitted; Nagafuchi,

1970;- Schulman-Galambos, 1977; Springer & Eisemsor, 1977; Tobey
et.al., 1976; Witelson, 1975), and from the fact that children
of lower and hiéher iQ have:exhibited similar ear asymmetries for

the identification of auditory verbal material (Bakker,.l969;

&

Jones & Spreen, 1967).

7

!
i

|
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Hypothesis 3: there will be'no_significant REA i@'each age~
IQ fange groﬁ§ for'everali identification of digits (experi~
mental hypothesis - 31gn1flcant REA in each group; see ratlonale'
above for hypothesis 1 and 2) ) “ |
Hypothesis 4: the REA, or 1te abeence, for overall'digit identi-
fication wiil_be simiiar iﬁ gach age-IQ range group (see,:ationale,
above for hynothesms 9) ) ‘- _ ‘
Hvbothe51s 5: there wlll be no smgn1¢lcant REA overall for
1dent1f1cat10n of dlglts from “he i-pair sets (etperlmental
hypotheszs - overall 51gn1f1can* -REA; DIteCUEQ from flnalngs of
an overall significant REA for laentlflcaulon of q1g1ts from 1-
pair, 2-pair and 3-pair sets comblnea Klmura, 1965b, 196?, Knox
& nlmura, 1970 ahd from the finding uhau chlldren of Tower anq
higher IQ have exhibited 51mllar gar asvmmetrles in laenul¢y1ng. ' (/f’
auditory verbal materﬂal (Bakker, 1969 Jones & Sureen, 196?) /)%Q
Hypo thesis 6: the REA, or its absence, for- lQentlflcaulon 25;:::3

digits from the '—Dalr sets w1ll be SLmllar across age levels

and intelligence ranges (see ratiorale above for hypothesis 2)

' Eypothesis 7: there will be no significant REA overazll for identi- .F‘

" fication of digits.from the 2-pair sets (exberimental'hypofhesis‘—

overall.szgnlflcant REA, predicted from uhe REA- found for 1aenu1-
fﬂcatlon specifically on 2-pair sets - Cef;ner & Hochberg, 1871 -
and when performarce on other dlglt sets are comb:.necj.‘ with results‘
on 2-pair. sets - Kimura, 1963b, 1967; Enox & Kimura,el97o;iSoﬁmers
& Taylor, 1972; Witelson, 1975) ‘

Hypethesis 8: the REA, or its absence, for identification of
digits from the'zﬁpair sets will be.s;milai aefose age levels

and intelligence ranges (see rationale above for hjéothesis 2)
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Hypqthesi5'9{ there will be no significant REA overall for
identification_ofUdlglts from the %-pair sets (experlmental

hypothesis - overall significant REA; predicted from the REA

found for identification specifically on 5—pai:.5ets-Borowy,

1974; Inglis & Sykes, 1967; McKeever & Van bevégtef; 1975; Sobotka,
1974?-and when pefformance on other digit séts are combined-ﬁith
5—paif-sét sco;es-—Kimura, 1963b, 1967; Enox & Kimura, 1970;
Sommers & Taylor, 1972; Witelson, 1975)

Hypothesis 10: the REA, or its absence, for identification

of digits from the 5-pair sets will be similar across age levels

und 1ntelllgence ranges (see ratlonale sbove for hypothesis 2)

Non—verbal Material:

nypouh851s.ll. *here hlll be no significant LEA overall for :
identification of env1ronmental sounds (etnerlmental hyDOuhESlS-
overall significant QEA predicted from overall LEA in chllaren
for the ldentwflcaulon of auq1tory non-verbal materlals - Bakker,

1967, 1968, 1970 - though serlously flawea, Enox & Kimura, ,70

_P*azz 11977 - and similar VER amplitude asymmetrles in children
- varying in IQ - Dustman et.al., 1975)
. Hypothesis 12: the-LEA5 or its absence, for overall environmental

sound identificatien will be similar across age levels and in-

teliigenc ranges (2 similar LEA was found in children av eack

age from %.to 8 yr. for the identification of environmental sounds -

__Knoy & Klmura, 1970 Plazza 1977 - and similar VER amnlltude

asymmetrles in chlldren varylng in IQ - Dustman et.al., 1975)

Hypothes;s 13: there will be no 51gn1f1cant LEA in each age—

..IQ 'range group (experimental hypothesis - significant LEA in

- each group; see rationale above for hypothesis 12)

BN
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Hypothesms 14 the LEA, or 1ts absence, will be SLmllar in

each age—IQ range groun (see ratlonale above for hypothe51s

: Thus, the prlmary purpose of the study is to 1nvest1—

. gate the presence of hemlsnhere spec;allzatlon for verbal and
non-verdal meterlal in children at,two_levels of subaverage

© intelligence andkgz\B age levels without medical evidénce of

brain lesicn; direct comparisons with children of average in-
telllgence w1li also contrlbute to our knowledge of the pre-
sence of such hemisphere. snec1allvatlon ln uhe course of normal
develonment (i.e., in child Dopulatlons of average and sub—
average lntelllgence alike), barulcularly in llght of the fact

that the age.of onset and e\act course 0f normal develoument of

'hemlsnhere snec1allaatlon in DODulatlons of - average 1ntelllgencef

. are still not deflnltlvely establlshea.

.,f'
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CHAPTER IT
RESEARCH METHOD .
This chapter presents the rethodology adopted for
‘the present research. -The nature of the subject population
1s first described, followed by a delineation of the nature
of the experimental stimuli, the method whereby these stimuli
were constructed, the equipment that permitted the present-:
aulon of the experimental stimuli ‘and the specific procedure

uulllged in the exnerlmenu. The chapter closes with a dis-

cussion of the natu:e of The dependent varizble and the

ﬁ%patistiéal analysis. that utilized this dependent variable.

Al S;bjec£ Sample

The subjects employed for the present research were
S0 childreﬁ éftending regular classes and special classes
for slow leérneré operated by the Ottawa Roman Catholic Separ-
ate Schoél.Boérd, three special schocls for the mentally re-
tarded operéted by the Ottawa Board of Education, and one
special scnool for the mentally retarded onerated by the Carle~
ton Board of Education. Writ tten parental Dermlssion was obTairned
'before any child was selected for inclusion in the study (see
appendix B for sample letter). This 90 subject sample was
chosen on th;'basis of age (three age levels - 5 %o 5% vr.
8 to 8% yr., 11 to 1% yr.), IQ scores (IQ>90, 65-80 or <61
on the Slosson Intelligence Test - SIT, 1963),156 hardedness
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(eﬁﬁloyment of/;igh%‘hand for'pencil work and oﬁ.at least
twé éf 5 other nandedness tasks), audiometric testing and
absence/gf/medicalbe%idencé of brain damage. A total of

10 subjécts (five .males, five femalés) was selected for each
age.aﬁd IQ range combination. EVery subject whose SIT IQ was
greater than 90 was en¢olled in a regular class; all.8 and
11 yr. old subjects whose SIT IQ's fell in the 85 - 80 range
" were attenalng a soeCLal class, wh11e the 5 yr. olds with
SIT IQ's in this range‘were at endlng regular: Llndergafuens,
and every sggjectfwhése Slosson IQ waS‘less-than 61 was a °
Dunii at a-.special school for the mentally retardea Mean
C4, IQ and MA for eadh age ~ IQ range group is Drcmldea in
appendix C. The SDelelc steps followed in selectlng the

sample of 90 subgects will now be outllned.

rier 5o any tesUlng, Ontario School Record, health

. and uher avallable 1nformat10n were egzﬁined to determine

;-

- the gé of fhé child, whether there was-a%y indication of brain
i jury_pr-hearingtdefects, and whether it was\probable fhat a
D rticular child would obtain a SIT IQ score within pﬁejof
the . three ranges selectéd for the current study.
Teachers of children still eligible at this point were
¥ asked to select only eligible children who employed their
DY

t hand for written work (see appendix D for a description

4

of guidelines presented to teachers to aid 'in the- selectlon
of appropriate candldates). Thesp chlldren were provided with

letters and consent forms to take home to. their parents. Only
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children whose parents.consented to have their children partiq:
ipate were included in'the next step of the study.

All children were seen 1nd1v1dually. Each child was

?1r5u tested for handedness on ‘six al;fazeﬁt)tasks (write

or print name-or draw with a pencil, catch afplece of paper -

. three times, throw a piece of paper - three times, show how

to hammer-a nail, comb hair, brush teeth). If the child em-

ployed the left hand for the pencil task, testing was termin-

L

aigd and the'éhild excluded from the study at -that point (such

- was *he case with seven children).

t was lnlulally Dlannea to also exclude.any chlla who

.did not employ the right hand consistently on at least three

of the five remaining handedness tasks (therefore fq include
only children utilizing the right hand consistently on four \

of the “six tasks). However, due to the extreme difficulty in ,)

‘obtaining as many as 10 children in all of the groups of sub-

average intelligence meeting all other selection requirements

and also ckoosing their right hand consistently on four of

the 8ix tasks, this criterion was relaxed to employment of
the rlght hand on -the pencil task and conswstenuly on two of
the remalnlngiive tasks. All cthdren employing the rlgh‘

hand on the pencil task met this latter requlremenu. If the

child's IQ fell in ome of the appropriate ranges on the SIT

-next administered (such was not the case with 19 cbildren157),

the child was seen on a second occasion (within two weeks).

.On this second occasion, tHe child waé administered
Al .

N

C e m el



RESEARCH METHOD 137

an audiometric test (Lafayette Instruments). Both ears were

tested for hearing, begioning with a 110 decibel sound pre-- -

sented at each of 11 frequency levels in ascending oTrder ofS
frequency beginning with 125 c.p.s. and endiﬁg at 8000 c.p.s.
and proceeding to 80, 60, 40, 20 and 10 db in descending order
of db level (see appéndix E for specific inmstructions ancd a
sample scoring shkeet). Therefore 2 total of o6 sounds were
presented to each ear (six db levels x 11 c.p.s. freguency
levelsft“A difference between the ears of five or more fail-
ures En detecting‘the presence of the sounds was arbitrarily
selected as an indication that the ears differed significantly
in hearing capacity. In such situations the ear with the
superior hearing‘;apacity might identify more sounds than the .
second ear simply because of its supérior hearing aculty rather
than because cf any differences in neuropsychological pro-

cessing of material presented to that ear. Hence any subjects

" whose ears exhibited a difference of five or more in detecting

the presence of a sound were dropped from the study at this

point. Three children were excluded for this_reason.l58

Initial screening of the 1l yr. olds with IQ below

7

61 meeting all selection criteria yielded four of ten child-

- ren exhibiting Dé%n's children. Because it was not possible

to obtain more than six appropriate children with IQ below

' 61 at this age level who did not®exhibit Down's Syndrome (also

applicable to. a vaqy%gﬁlextent.at other two age ievels as well),

and because of the inherent interest in studying the child
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with Down's Syndrome as a natural portion of children at
this IQ level without medical evidence of brain-damage, it
was decided to retain the four 11 yr. olds with Down's Syn-
drome and to include féur children with Down's Syfdrome in

the 5> and 8 yr. old groups.
B. Dichotic Listening Tapes

Two different DL tapes were constructed by twoe sSound
engineers in a sound recording studio of the Department of
Communications, ﬁniverSity of Ottawa. '

T ¢

The tape containing the verbal stimuli consisted of
37 digits on each chanrel, all numbers recorded from a master
recording of the‘nuﬁbers 1l to 6, 8 to 10 and the number 12
spoken by the same voice. The numbers were combined into
various pairings by aligning a number om a particular channel
with a number of the éecon@ channel so that both numbers scunded
simultaneously. This tape thus consisted cof 57 pairs of numbers.

| The timing between the various pairs of numbers was 2
arranged as foiiows. Each of the first seven pairs were pre-- :
N~ - s
sented with a time separation between paiJs of 15 sec. (there- :
foTe seven combinations of I-pair sets). The next 12 digit-
pairs were presented in 2-pair sefs, with a2 time separation

of .5 sec. between each member-pair of the set and a time

separation of 15 sec. between 2-pair sets. There were thus

were arranged into 3-pair sets with time separations of .5
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sec. between each member-pair and a time separatiog of 15 sec.
bétween-B—pair sets. Thus, the tape contained siﬁ.combinf
ations ofAB-Dair sets (see table l) |

| The tane containing the non-verbal stlmull consisted
of a series of 26 famllla_ env1ronmenta1 sounds, 15 recorded
on each channel. All environmental sounds were obtained from
sound effects records (audio fidelity DFS7006 - vol. 1, audio

fwae11*y DFS7010 - vol. 2, audlo fldellty DFS?Oll - vol. 3,

audlo 101del:|.ty DFS7015 - vol. 4, audio flaelltv DFS?OlG - vol.

5). Each_o¢ the 13 enviroamental sounds recorded on the one

.channel were aligned with one of the 15 sounds on the second
- channel such that the two sounds occurred 51multaneouslv, each

rsound pair occurrlng 15 sec. after a previous sound pair. The

speclflc-sounas.that were paired agd the specific order of
presentation of the sound éairs are presented in table 2.
The‘specific recording infopmation, supplied by one
of the sound engineeﬁs, is described in appendix F. |
Specific lnstru0u10ns to lntroduce each’ sec°1on of
each DL task or samlllarlzatlon Derloq (i-e., for- the dlglus,

different sets of instructions to Precede presentation of the

l-pair, 2-pair and >-pair combinations; for environmental

‘sounds, different sets of instructions to explain the non-

dichotic familiarization phase and the actual DL task) were
p:e~re%?rded by the experimenter on;Aﬁpex.Professional G531
recording tape with the'Sonj recorder described below. These

taped instructions in turn were spliced onto the appropriate -
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Table 1

i-pair, 2-pair and 3-pair Sets of Numbers meloyed as Verbal
Stimuli, Each Member of Pair Recorded on Separate Channels on
Stereophonic Tape, and Aligned such that First Number of Pair
Sounded Slmultaneously with Second Member of Pair

1 pair sets - 2 pair sets 3 pair- sets
i-28 § -3 3 -1
o ; Av= 5 S - 8.
3 - 12 : ' 5 - 4
10 - & .
g - 11 2 - 12 .2 -5
, _ _ 8 - 3
2 -5 9 -1 10 - 12 -
3 _ g
8 -5 - L - 10
) 12 - 2 3 -2
10 - 2 5 - 10 1 5 .
b - 9 b -9 - g -1
: "1 -5" 5-9
12 - 10
8 -3 :
i0 - 12 9 - 12
1 3.
-3
1 -5~
8 -2
L - 9-
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" Table 2

F

. Environmental Sound Pairs Employed as Non-verbal Stimuli,

' Each Member of Pair Recorded on Separate Channels on
Stereophonic Tape and Aligned such that First Nember of
Pair Sounded Simultaneously with Second Member .of Pair

e

dog barking , . doorbell.
dialing a telephone - clock ticking . .
children jumping in a pool . gas engine starting
water pouring in a pail _ ‘kittens

(- thunderstorm blacksmith's anvil

N fire engine sink draining

: horses neighing - cuckoo clock

tap dancing . babbling brook
door creaking . . glass breaking
lions roaring fire crackers
water dripping in a pail. toilet flushing
horses trotting on 2 dirt road  bowling

typewriter o cash register

c.,_’
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sections of. the DL tapes by‘meéns of a Bibv (¥ track, no.

765—566)fsplicer. T X

C. Experimental Apparatus

The materials uséd for preliminary.scréeging.of sub-
jects (handedness tasks, SIT, and audiometer) have previously
been cited. o |

The basic. materials of the experimental apparatus.
for the presentation of the IL tapeé included g'Sény Stereo-
phonic 3-head solid state CTC—650)'tape'recorder, aﬁ-éxtension.
cord, onme set of Pioneer Sterophonic headphones (SE-2P, no. 1),
one set of Philips Stereophonic headphones; andrtwb pre-re-
corded DL tapes previously described (Ampex 3rofessionallG51.
recording tape). |

A Sharp Sterophoqic tape reoorder had been emﬁloyed
during the initial portion of a pilot study. Data from the
first part of the pilot study, scores for 24 children on DL of
digits and environmental sounds presented through a Sharp tape
recorder, will be found in appendix A. Detailed analysis of
the sound gharacteristics of.this tape recorder revealed a
significant discrepancy between the two. channels (and sub-

sequent discrepancy betweern input presented through the head-

. phone Sets to one ear vs. the second ear). Hence, this tape

recorder was replaced by the Sony tape recorder for the second
part of the pilot study, perfcrmance of seven adults on the

DL (digits) task. These adults exhibited a significant REA
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language.

";remalned very 51mlla_.

.tested on two separate occasions at the school h
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(see anpendix-A) The pilot study thus revealed a fault in ;/T’//
the test equlpment that the type of chlldren selected for

. the current thesis research.are-able to perform the digits

and environmental sounds-tésks, and that -the digits tape
ylelded a slgnlflcant REA in a samnle of adultsnresumably

characterlsed by left-hemlsnhere dominance for speech and

_Immediately after the conclusion of the pilet studj,
aetalled analy51s of scunds emanating ‘from the two channels
of the Sony T*eco::'cler and -the Pioneer headchone set revealec

very minimal dif: erences (see apnenaln G for snec1f1c sounc

comnarlson nrocednre and graphic comnarlson baseq on uesclng

on 3 q1ffe”enu cccc51ons, of the sound characterlstlcs from

the two ‘channels of the. -Sony na551ng through the Ploneer head-

phone set). nence the Sony cane recorder and Pioneér ‘head-

‘phone set (for qse‘by the subject) wefe utilized -for the

study proper. ADDeank G also “eveals that the sounds eman- .

aulng from the *wo channels one-half through the study (after

'ueSulng of 49ra. subgect) and at the conclu51on of the study

" D. Experimental Procedure

, = Eacnh child included in the.experimental sample was

<

artended (tlme lapse between uesclng was- less an two weeks

,in all cases) The actual’ experiment was cond ‘ted dB%ing.
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The second session after the child had been‘administered the
audiometric examination. The procedure for the presentation

of the environméntal sounds included a familiarization and a

testing (DL).phase.

The following steps and settings were implemented with
the Sony tape reécorder and héadphone sets for thé monaural
familiarization phase. The Pioneer headphone.set was'plugged
into the insert jacket on the right ("headphone Listen") of
the Sony tape recorder ceatrol pamel (see appendix ¥ for a draw-
ing of the control panel), "Power amp." turned té "en", and
"knob for mode" (L-stereo-R) set to L or R, depeﬁding'on
whether the headphone on 'a subject was placed with connection
cord of headphone over the left or right.ear of the subject,
respectively.' This procedﬁre permitted oﬁly ééunds on a
rarticular channel (that is,only.bne member of éach pair of
sounds) to be presented singly and stereophonically. If the

, _ . ' .
"knob for mode” had been set to "stereo,” 2 sound from each

. channel would have been presented simultaneocusly, one to'each

ear. The SP selector was placed at "Lid.", volume set at the

third indicator beyond "min.", the Philips headphone set was
\

plugéed into the Headphone monitor, knobs for "L-lMonitor-R"

-

set to face downward, the power main switch was placed on "on"

Y

- and the "noise suppress” turned to "off", the Pioneer head-

phore set was placed on the head of the subject, the headphone
position adjusted to fit comfortably on the ears of the sub-

ject (if necessary), the Philips headphone set was placed on
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the head of the etnerlmenter .and .the subject was preselted
with the pre- recorded 1nstruments for the stamnphonlc oresent—

ation of a 51ngle sound while’ the'experlmenter monltered the

‘'sounds through hls-headbhone set. These pre-recorded in-

structlons were as follows*

“You are going to-hear different sounds
through these earphones. After you hear each
sound, tell me what the sound is. If you are
not sure, take a guess and-I will then tell
you what the sound is. You will then hear
the sound two more times and each tlme I will
tell you the name of the sound.

Thé-experimenter then stopped the tape and asked if
there were any questions. The exnerimenter kept in view a
written copy of ‘the taped instructions just Dresentea, questi
were answered by re-reading *elé;agt Darus of the instructions.

The fTape was then-forwarded to the flvst env1rqpmentml sound

on the tape (tape run over %heéinSuructlons ;orv*he BL Phase,

-
-

see below), and the subject was présented three consecutive
times via the headphones with each of the 13.sounds on that
side (channel) of the sound pairs (i.e., channel dependent on

whether the familiarization at that point was beirng conducted

with thé "knob for mode" turned to R of L). The subject was

not asked to name the sound after each monaural presentation,

ns

but each time was Drovided With the verbal label for the sound. .

At the conelusion of *he = exposure presentation of each of the

13 sounds, earphones were removed from the subject, the "rewind"

control knob onerated until the beginning of the sound pairs
was reached and the "knob for mode” (L—stereo-R) was turned

to I (if previously set on R) or to R (if previously set on L).

o

e
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The Ploneer headphone set was renlacegbon the head of the S

in the same orlentatlon in which it was initially placed

the PhlllDS headphone set on the head of the etnerlmenter,‘
the tape control knob was turned to ”forward” and each of

the 13 sounds on the ocpposite side of the pairs (opnoszte'
channel) was presented monaurally‘three_times in identical
fashioa to the'l5 sounds initially presented from the opposite
éhannel.l?9 The Pioneer headphoae-set was then removed from
the subject and "rewind" controllnob was operated until a
point on the tape just before where %he instrudtiona for the

DL,test began. These instructions were situated on the tape

just after the instructions for the familiarization phase

- and immediately be;ore uhe fﬂ"st sound pair. The:Pioneer

-

. o
and Phlllbs headphone connections were thén switched (*.e.,
Ploneer headphone pl lugged into "Headphone monluor" L—Monluor—R

Philips headphone set plugged into "Headphone Listen") and

- "knob for mode" L-stereo-R turned to sterec. The Pioneer

_ headphone set was placed on the subject in the same orientation

that it had been placed for the aamlllarlzaulon phase (1 €.,

connectlon to cord placed over rlght or left ear), the Philips -

1

experimenfer and

The following

instructions were then hea_d through both “heedphone sets:

Now you are gOLng To hear these sounds agair
only this time you will hear two different
‘sounds at the same time, one sound in one ear,.. ~
" a different sound in the other ear. Tell me .
-what are the sounds you hear.
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- After tﬁé@sfésénxétibn'BrTﬁﬁeée ihstructions, the

tape was stopped and the subaect was asked if’ ;here were any
ouestlons.. Questlons were answered by re—readlng relevant:
parts of the 1nstructlons, a wrltten copy of Wthh wa551tu—
ated in view of the etoerlmente ‘The env1ronmental sounds
tape was.then oresented-dlchotlcally to the subJeCu through'
the Ploneer headphone seb w1th the etoerlmenter monltorlng
the sounds through the,Philips<headphone set. Resoonses of
the subject were recorded by the experimenter on orepared re-
cord.sheets. '

When all 13 env1ronmental sound pairs were p“esenued

and responded to, the headphones were removed from the subject

and the experimenter, the control knob was - turned to "rewind“

'and the tape was completely rewound ‘and removed. r"he digits -

’ taoe reel was then connected to the taoe recorder Wluh ull

adaustment knobs Sulll ln ohe Dos1tlons utilized for DL of

\— .

envwronmenoal sounds (1ncludlng Ploneer heaophone set COHDECued

: <"heaophone monitor™, Phlllos headphone set €0 "headphone

llsten") The Pioheer headnhone set was then placed onto the

‘head of the subaect in 1dent1cal orlenoatlon to that used for

ilistening to environmental sounds and the control knob was
turned to “forward" . The follow1ng instructions were then
oresenued ohrough the headohone sets:,
| Now you are going to hear two dlfferenu numbers
at the same time, one number in one ear, a dif-
ferent number in the other ear. Tell me the
numbers you hear.

' The tape was then stopﬁed and the subject was asked if

——e . e e reme et et
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There were any questions. A written copy of these inspructions
were kept in view and any questions were answered by re—readiﬁg
the relevant parts of theginstructions. The first number-pair
to be ﬁreéeﬁted‘was then described as a practice i?em and the
tape recorder control kqob was turned to “forwérdf._'Whether

or not the subject responded with one or botk numbers pre-
. N . i a

sented, the control knob was turned to the stop position, the:

two numbers just presented dichotically were repeated by the

¢xperimenter and the subject was asked 1f there wére any fur-

| . ~

Ther questions. Questions again werd_answered by- re-reading
of relevant parts of the written instructions. lTﬁe”control
knob was then‘turne@ to "forwarc" and the l-pair sets of digits
were then heard by the subject and the expérimenter fhrough
their-respective headphone sets. The expeﬁimenter recorded

on prepared record sheets the responses of the subject. At
*ihe conclusion of the l-pair set testing, instructions for the

2-pair set tes%ing were presented through the headphones with-

. out interruption. These instructions were as follows:

Now you are going %o hear two different’ num-
bers ‘at the same time, one number in ome ear, a
different number in the other ear, but these two
numbers will be followed very closely by two
-more numbers presented at the same time, one to
each ear. After you have heard the four numbers,

tell me as many of the numbers that you heard as
you can.

When the instructions had beern presented in their
entirety, the tape was not stopped unless the subject forwardsd
a question'when_asked Dy the experimenter. Questions were

again responded to by re-reading relevant parts of the instruc-

"

-}
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" tioms, & written copy of whichf@hs also available to the experi-
meﬁter.' If the tape had beenigkopped for questions, the con- J/H\ i
. trol lmob was turned to "forward" and the responses of the :
‘subject were recorded on the prepared record sheet.
_ 4t the corclusion of testiﬁg on the 2-palr sets,
™ . instfuctions for the 5-pair pqgsentation were heard through
t -~ the headﬁgéées without any interruption. - These: latter in- -
| structions consisted of the following statements:
. .. Now you are going to hear two different num-
bers at .the same tlme, one number in one ear, a
different rnumber in the other ear and these two
: : numbers  will also be followed very closely by
. - two numbers ‘presented at the same time to each
’ ear. However, another two numbers, one To each
ear, will follow very glosely. After you have

7 heara the six- numbers, tell me as many of the
—_ . numbers that you heard as you can.

' e Resppnses of the subject were recorded on the record
sheet -and testing tefminéted at the conclusion of the 5-pai:'
set presentaﬁion, at whiéh'time headphone sets weré fémoﬁed. ' o
. Channelswere balanced in each age-— ) range e T
by placlng heaaphones in 1denu1cal orientation’ 6; al{ liZZen—
ing phases {1 e.,-enV1*onmental sound famlllarﬁzatlon, identi-
fication of env1ronmeqtal sounds and dlglts on-DL) w1th three
females and two females in each age-IQ range groﬁp; and re-
'versiﬁg the orientation of the headphones for the remaining
Two females'and three ma;es of eaéh group. ~Thus, each age-
. IQ range group was'exagﬁly equated in terﬁs of sdund channels
‘presented tofeach ear and number of males and females being - ¢

. presented channels at each ear.

A

"

e
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E. ©Statistical Design and Statistical Analysis

1. Main Analysis C -

Separate p—way a;aly51s of variance calculatlonﬂ:A
(3 age levels) x B (3 IQ levels) x C (2 ears), reneated
measures on factor C and with fa ctor B nested within facuor
A (Wlner, 1971)], were carried out on the main dependent
variables, the. number of qxglts (verbal) or enV1ronmental '

sounds (non-verbal) dichotically présented which were cgé

- rectly identified. The first number-g?éf/gfrthe digits :

tape was a ﬁfactice item and was not utilized in the statisté-:
icdl analysis. - |
| QO-détermine if a sex efféct‘was being ohscured by
combining the data from the five males and>five females of

each age-IQ range group for_ideﬂtification'of digits, a 4-way

»analysxs of varlance[:A (3 age levels) x B (3 IQ levels) x C

(2 sexes) x D (2 ears) and w1th factor B nested within factor

4 (Eirk, 1968)] was also conducted on the number of digits"

identified. - _ :

2. Supplementary Analysis

Separate single factor (two ears) analysis of variance
Eomputatidhé (repeated measures) were conductéd on theinumber
0L digits correctly identified on DL by each age-1Q rangé
group (Winer,-1971). Separate 3-way analysis of variance
calculations were a;so carried out separétely on the digits.
from l-pgir, 2-§air'gnd 3-pair sets correctly identified.

L]
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The performance on all digit sets combined of the children with
Down's Svndrome was also compared ;verail and at each'age level‘
with the remainder of children with IQ below 61 by means of a
3-way analysis of variance involving unecual groun 51ze,

least squares solutlon (Winer, 1971).

. Informal sunnlementary analy51s was also provided for
the number of subgects exhlbltlng ear advantage for digit and
gnvironmental sound identification, nﬁmber of subjects showing
ear advantage in subjects exhibiting consistent v;; non-
consistent hand preference, and for performance on environméntal
scund identification; of the Down's Syndrome children;‘cdm—
pared to that of the remainder of subjects, in the three age

groups with I§ below 6l.

. 1 )
DAST R -
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CHAPTER III
RESULTS .

This chapter first presents results of statistical
analysis cf data obtained on the verbal measure (;ection.ﬂ),
followed by findings on the non-verbal peasure (section B).

An overall summary of results is provided in table

3, -which outlines F-test findings from several analysis of

variance computations, as well as some informal analysis of

data obtaned from the verbal and non-verbal material. Table

3 sﬁmmarizes-the following information:

i) Verbal material: since 4-way analysis of variance for

all digits identified reveals no effect for sex, the data
fof each sex in each-age-1Q gioué was combined CB-Way_analysié
of variance, table 5), which yieided a significant overall
ear-effect (REL) and significant age and IQ range-nested in
age éfﬂecté on overall‘digit identification, the signifibﬁnt-
REA being due primarily to the S yr. and 8 yr. groups with I1Q
abo&e'90, and, to a lesser extent,'the 5 yr. 65—80_IQ group
(table 9); approximately twice és many. subjects exhibited a

REA as exhibited a LEA (tzble 10); REA was largest on the

" l-pair sets, least on the 2-pair sets (tables 6-8); although

Down's Syndrome children seemed to exhibit some tehdency to-

ward LEA and other children (I@>61) showed some tendency

toward REA,. especially in terms of number of other children

showing a REA £table laf? there were no statistical differences

-
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Table 3

- Summary of Level of Significance of F-tests Showing Extent

of Asymmetry Bf Number of Digits Identified at each Ear .

and Several Informal Comparisons (e.g.,-Number of Subjects

Overall and in Relation %o Hand Preference Consistency Show-
ing REA/IEA ;N.S. = nonsignificance)

VERBAL MATERTAT

- Male vs. female .05 (RBA); sex effect & all interactions

with sex-N.S.

All subjects all digits - .025 (RE4); l-pair sets -
-025 (RE4); 2-pair sets-completely N.S.
'REAZ 3-pair sets - .125 (N.S. REA)

. ' : . %
Age-I1Q range groups- >90 65-80 - " {6L
‘ : 5 :Y'I'. 005 gmg 0125(REA) N-S- REA:
8 yr. ' .05 (REA) N.S. REA N.S. REA
11l yr. N.S. REA ©N.S. REA N.S. REA
IQX 61 groups - N.S.;- Down's Syn%bome vs. rema;'_nder - N.S
S 'REL  1EA '
A1l subjects . 22 28 . ( 66% - REA)
Subjects with consistent hang usage 45 22 ( 87% - RE=a)
Subjects with non-consistent hand .

usage . u 10 6 ( 63% ~ REA)

NON-VERBAL MATERTAT

A1l subjects N.S._REA
) : . No.idéntified
] REA 1E R L ‘
Male vs. female m. 17. 19 332 515
o f. 17 16 : 293 294 s
1Q <61 groups 4 . D.S. 3 5 - 45 47
L other .7 4 78 &7
A1l subjects : 35 35 | (LEA ~ 51.5%)
Subjects with consistent hand usage 27 26 .0 (LEA - 49.1%)
Subjects with non-consistent hand ct
usage & 9 | (IEs - 50%)

—
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. in overall identification or at each ear in Down's Syndrome

vs. other children (table.ls).

' 2) Non -.verbal material: 3-way analyéis of variance (table

15) revealed nd‘overail ear effect in the nine age-IQ range
grouns for 1dent1flcatlon o‘P environmental sounds, a result
sunported by ;oughly identical numbers of subaects showing a

REA (35) vs. LEA (33, table 16); ear differences did not appear

to be related to-sex (table 14) or consiétency of ‘handedness

usage (table 17) althougn 62 5% of Down's Syndrome children
E\hlblulng ear aavantage ethlbﬁted LEA vs. 36% of other

- .chllaren (IQ)>61) who e\hlh}ted an ear’ aavuntage munlfestea .
.2 LE&. ' '

'-./"\._

A. Verbal Miterial

Tbe d—way" analys*s of variance of the number o? digits

_dentlfled, conducued to detect the presence of any sex effects

;(see uable 4) revealea F—ratlos 51gn1f1cant at the .Ol J_eve'I

‘(2—ua11ed) f‘or factor A (age) and . ?actor 2 nested in A (IQ

wange nested w1oh1n the age facgor) ana at the .05 level (1- -

ualled) for factor D (ears) but nec 51gn1flcan sex effect ~

_(factor C) or interactions with sex.

Because of the absence of a sex éffect the data for

'males and females in eadh age—IQ range group was comblned for

a 3-way analyszs of varlance (table 5), which yielded F—tes‘g

- significant at the .01 level (2-tailed) for factor A (age)

‘and factor B nested in A (IQ'range nes%ed within'thé age factor)

N
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Summary and -Summary Tablesfor 4-Way Analysis of Variance of
Number of Digits Identified for Right (d2) and -Left (d1) Ear
Presentations in the 5 Males {(cl) vs. 5 Females (c2) at the

5 Age (al-5 yr., a2-8 yr., a3-11 yr.)

and 3 IQ Range (b1-IQ)90,

b2-IQ 65-80, b3-IQC61l) Nested Under Age Factor Lévels

Source of Variation S5

‘Between subjects

11215.495
. A{age) 3210.478
' B:E%IQ range nested in age) 6516.267
C (sex) ' 7.605 -
AC _ , 2%.680
BC:A 165.865
.Subjects within groups 1295.600
Within subjects . . 2 5
- D (ears) - . 101.250
- IC : : 16.795
AC ' i o 49.545
BD:4 . fo 59.597.
BCD:A - v 175.197

B x subjects within groups 2102.4

48'§dmwmmb

N G OVIV RO

1605.235 89.346%*
1086.045 60.448**

7.605

11.840 -
27.311  1.520
17.967 .

101.250 - 3.468*

25.548
16.795-
24.775
- 9.933
29.200
29.200

**p5d.01 F..é9'-(2’72) = 4-;9-’-11-; p{.01 F. .9(6,‘72) =
p<-05 F oo(1,72) = 2.78 (1-tailed)

AB. Summary Table
"l bZ b3 Total
al 328 286 150 /o4
a2 487 365 171 1023
a5 _618 4 270 1382
455 1 . 1 31
AD Summary Table )
.4l d2 Total . =
al 340 424 764 . ‘
a2 489 534 1025
a> _688 694 1382
I 51

5.09 (2-tailed)

AC Summary Table.
el c2 Total
al. 375 291 7764
a2 - 525 500 1025.
as-_707 675 1382

1603 1566. 3169

BC_Summary T&Ble '
cl e2 Total

bl 734 699 1433
b2 550. 545 1148

© 180571565 3160 . -
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TABLE 4 (Cont'd)

BD'Suﬁmary Table

- dl

1676

551

290

d2 Total
727 1435
594 1345
501 1

1517 1652. Dl

ACD Summary Table

CD Summary Table

cl
o2

dl

75k

3

d2
849

803

1517 1L

Total
1603
1566
51

BCD Summary Table .

156

\_.- 754' ’

~

; al a2 a3 Total bl b2 b3 Total
ol d1 169 235 550 754 - 554 263 " 137 754
d2 204 285 - 357 gig 380 287 182 849 -
4l 171 254 338 783 522 288. 155 763
d2 220 245 - 357 805 _ 377 .307 - 11§ 805
~7SEI05 1582 3165 T35 1145 591 5169
ABC Summary Table .@DSmmayEaﬂé'A-
cl . c2 Total , 4l d2 Total ©
- bl(al% 158 170 328 140 188 | 328 -
al-v2(al) 139 147 286 - 130 +156 . 286
v3(al) | 76 7%+ 150 . ., 70 &0 1%0
- bl(a2) 258 229 ‘4g7. ~229 258  487-
a2 b2(a2). 164 201 365 - 179 186 365
b3(a2) 101 70 171 8L %0 . ifl
$1(a3) . 318 300 616 307 311 618
23 b2(a3) 247 ' :247 1494 242 252 494
" v3(a3) 142 128 290 . 133 151 " 270
1603 1566 3169 . 1517 1652. 3169
ABCD_Summary.Tablé
‘ cl: : c2 ) :
R - 4l @2’ Total
S bi(al) | g 81 65 107 328
al v2(al) 65 o 65 82 286
p3(al) 27 49 45 31 - 150.
v1l(a2) , 121 137 108 121 487
S a2 p2(a2) 75 89 104 97 365
,-bp(a2) 39 62 42 28 171
| blEaB) 156 162 151 149 ' 618
a5 v2(a3)., 1235 ., 124 119. 128 494
] bg(aB) 71 7L- 68 60 270
849 5169



fnd”

(ABCDS Summary Table

RESULTS
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cl ) : . c2 - ‘
dl d2 Total dl° d2 . Total
15 17 -30 18 17 55
17 16 - 33 1+ 26 40
bl 8 .17 25 13 13 26
21 15 36 11 - 29 40
- 22’ 29 _
11 . 18 29 g 18 27
U 21 14 - 35 12 .19 51
al b2 4 4. -8 12 12.- 24
15 21 36 % 16 30
______ 14 19 31 18 17 35 __
9 10 19 4 4 8
2 15 17 9 6 15
b3 1 1 2 19 4 23
1200 18 . o3u 7 9 16-
"3 4 7 4 . &7 - c12
28 . 21 29 2L 25 %
. 19 . 31 50 25 - 27 " 50
bl 27 .28 55 19 18 -57
~ 25 50 - 55 26 27 ~ 53
22 27 . 49 19 24 e
- . . 19 - 37 19 17 (36
- .15 21 36 34 . 14 48
a2 b2 "13 . 19 32 17 24 41 -
T 6 - 13 ‘19 17 22 59
. 23 17 40 17 - 20 37 5
7 12 19 o4 14 357
o > 2 12 12 2 14
b3 8 13 21 7 5 12
15 19 32 L2 5 7
8 9 17 e 2 2
31 32, 63 32 28 60
' 29 23 62 55 50 63
bl 33 34 67 31 35 66
| 33 33 66 24 30 it
30 30 60 31 26 57 _
® 20" 26 26 17 23 49
| 25 19 4y 25 28 43
a3 b2 25 28 =1 33 29 62
T 25 - 28 55 25 28 55
20 23 45 19 20 39
Lo . ‘19 . 13 32 21 11 32
R T 15 17 32 11 22 33
] . b3 15 18 53 6 4 10
. e 11 '3 14 13 9 22
= 11 20 31 17 14 51
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. TABLE 5

Surmary and Summary Tables for 3-Way Analysis- of Variance'of
Number of Digit Identification for.Right (c2) and Left (cl) Ear
Presentations at the 3 Age (al-5 yr., a2-8 yr., a3-11 yr.) and

3 IQ Range (bl~IQ¥90, b2-IQ 65-80, b5-IQL6E1 Nested Under Age

Factor Levels

-~

1

Source of Variation . SS af M 1)

Between subjects ‘ 11995.4%2 §% ' "

A (age) - ‘ . 3210.478 1605.239 57.3%1**
B:A(IQ range nested irn age) 6516.267 & 1086.045 38.77**
S:AB (subjects rnested in AB)2268.750 81 . 28.009

Within subjects - -1775.500 - 20 :

C (ears) ' 101.250 1 .1C0l.250 . 5.24*
AC - 50.70C - 2- 25.550 1.51
- BC:A ' . .59.600 * © 9.933,
- SC:AB ' . ~1565.950  81. 19.508

'**p(.Ol\F.99(2,81) = 4.91; p{.0L F_99(6,81) ='§.o7.(2-tai1ed)

*p.025 F goe(1,81) = 5.97 (l-t?iled)‘. : T

Vd
ABC Sumary Table AB Summary Table
| el c2 Total Bl b2 b3 Total
bl(al) 140 .188 328  al 328 286 150 764
®al b2Eal§ 130 156 286 a2 487 365 171 1023
b3(al 20 80 150 a5 618 494 270 1382

- 1455 1145 - 591 - 5169
bl(a2) 229 258 487 |

a2 b2(=22) 179 186 365 - AC Summary Table
v3(a2) 81 90 171 © el 2 Total
vl(a3) 307 311 618 a ,ggg ;gﬁ 1824

a3 v2(a3) 242 252 494 2 P . 1023
b3(a3) 139 131 270 a3 8 694 1382

BC Summary Table
cl c2 Total
bl 676 757 1435
b2 551 594 1145

b3 250 301 1
‘2“33%7“'i%§§‘f'§%2§



4=\

RESUITS ' : 129
and at'the .025 level (1-tailed) for factor C (ears).
A graphic portrayal of the'latter significant effects
is provided in Fig. 6 and 7, which depict the-effects on

overall ear performance of IQ range at the three agés (fig.

' 6) and compare the performance at each ear of these same

three IQ ranges at the thrée'ageé'(fig. 7). The significant
effect:of factor A (age) is revealed in Fig. & and 7 by the
consistent trend of The numbéf of digits identified overall
and at each ear to #ary in direct rroportion to age: at ail
three 1@ ranqi%ievels; 4 roughly parallel decrease'iﬁ’number

of digits idendified overall and at each ear in the three

. e : . ~ e e N
age groups as intelligence decreases reflects the significant =

effect of the nested factor (IQ range nested in the. age factor).

In régard.to the significant effect of factor C (ears)

revealed in table 5, inspection of the AC and B¢ stmmary

tables of Table 5. - indicates a REA fbf.identifiédtion of
digits at a1l three age levels (AC Summary table) and ail
three IQ range levels (BC summary table). _Howéver, when the
ear performance of éagh of The nine age-IQ.rangé groups‘is
examined (see ABC summary tzble of :Table 'S -and Fig. 7,
which show the number of digits identified by the-lefé ear
and right ear of the nine groups), oniy eight of the nine
groups showed a REA, the exception-being the 11 yr. old group
with IQ below 61.° '

The performgnce of the nine age-IQ range groups con-

tinued to yield age (factor A) and IQ range nested in age

-
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Figure'é. Total number of digits identified by each

\\gggj(A)~IQ range (B3~IQ>90, Bo-IQ 65-80, BE3-IQ{61) nested in
age  group. Iach group was composed of 10 Subjects.

Npte:- The data for plotting figure 6 was obtained
from the ABC and AB summary tables in Pable 5. " .
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composed of 107 subjects.. - e L
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théi',The"gété for Diotting‘figu:é,7'ﬁas-obtéinedif
from the ABC and AB summary tables of Table 5. ™. =
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(factor B nested in 4) factors significant at the .01 level

whern the data was separately analyzed on resultslfrom 1-

. pair, 2-pair and 3-pair digits sets (tables 6 - 8), although
' the significant ear effect (factor C) was paintained only

on the l-pair sets (.025 level).

Separate single factor analysis of variance cal-

- culations for gach of the nine dge-IQ range groups on all

dlglts vleldeq statistical comparlson of the etxept to

A

which each g*oup was contributing to uhe over '11
N |

Table 10 presents theinumbers of subjects. exhibiting
2 REA or LEA, regardless of degree, for the nine age-IQ
range groubs and for other group comblnatlons.. The data iﬁ
this table suggests a REA in the majority of SUbJeCuS (55
vs. 28, with seven failing %o exhibit any -ear advantage)g

and in the vast majority of the age-IQ range groubs (i.e.,

 eight of the nine groups conxtained a greater number of sub-

jects who exhibited a REA, compared to a LEA, the exception
once again being the 11 yr. olds with IQ>6l). Inspection

of part iii) of table 10 reveals the REA was present in 17

subjects at the 5 yr. age level, in 22 subjects at the 8 yr.

-age level and in 16'subjeots at the 11 yr. age level; in-

spection of part iv) suggests that the'number'qﬁ subjects

show1ng ear asymmetries at each IQ range differed only mini-

(table”

-

mally from the number of subaects at the other IQ. range levels

(2? subjects in the IQ>>9O range range, 28 subjects-in the

-
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= _ TABLE 6 :
Summafy and. Summary Tablés for 3-Way Analysis of Variance of -
Number of Digits from 1-Pair Sebs Identified for Right (e2) and .

. " Left (cl) Ear Presentations at the 3 Age (al-5 yr., a2-8 yr., a3-11
© ¥r.) and IQ Range (b1;IQ390, b2-To 65-80, b3-IQC61) Nested Under
_ A ‘ vige Factor Levels : , ‘

L]

Source—éf Variatiom = Ss . af MS | £€
: — — - _\?i;jk«
- Between subijects S e ’ "'86.228_ 89 . , -
i (age} S 728" T2 44.86h su.o07eF
B:4(IQ range nested in age)  229.450 - & 58.252 46.20%**
~ 5:AB (subjects nested id 4B)  67.050 81 -~ .828 - C
Within subjects - _246;200"1 o .
C (ears)- i 15,60 % .. 15.605 6.258*
AC . 876l 2 UThl3sl | 1.9%;
_BC:A 15.485° g = L 2.247 '

- 137483
202.650 81 2.508

. SC:AB
'.'.7 .\. K]

'-**p<-Ol‘F.99(2xai); bc.OI %.9§é6,él).=f5.071(é—taiied)»-
e *.25 F 905(1,81) = 3.97 (1-tailed) - - tos

ABC Summary Table " AB Summary Tables
b

cl c2 .Total : S, bl - b2 b3 Total
bl 25 46" 71 ] $ =1 7L 56 .42 <2169 -
“als b2 . 29 56 -, . a2 108 83 45, 237
. B3 26 w2 - a5 117 101- 5% 271
. U T o B v iy 2
o7 a2 E% -gg 5& lgg i LT AC Summary Table
. b3 20 ‘,! 26 4.6 : - . ) Cl 02 Total ’
R . al 68 181 169 - ~
b1 %8 59 117 “ a2 109 128 237
a3 b2 .48 53 Ipi R ggiseen S
B3 29 54 53 ‘ NG
| - 22 35 e . . DR
b ] ' - . R
_ - .U BG Sumnary Table o N 4
Cel L L. el <2 Total _ o
BV bl 136: 160 296 @ . - . v
- . b2 111 - 129 245 . . Lo
S emdae B3 65 96 Ny A
. i€ \p\g. 312 ?65- X o777
7 e SO F L P : -

- . : .
. ., o
. - . e s
R < .7 ) R L, o~ . .
W " - v, c : ’ ol ‘;E’; T ) v
P ’ . .t - . - .
.

O - [
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RESULTS .

Table ?

. Summary and Summ
i - ‘Number of Digits from

1% yr.) and IQ Range

ar—

Tables for 3-Way Analysis of Variance of
2-Pair Sets Identified for Right (c2) and
Left- (¢1) Ear Presentations at the 3 Age (al-5 yr.,

8 FL- a}‘

(pb1-IQY90, b2-IQ 65-80, b3-IQ(61) Nested
Under Age. Factor Levels .
"' Source of Variétion .jSS af MS F
3 Between subjects 161%-450 §3 -
R . Alage) : 572232 2 186.117 - 357.741**
s ' B:K%IQ range nested in age) 847.767 6 141.2%4 28.652"%
- P S:AB(subject nested in AB) 399.450 81 . 4.931
e within subjects - 250.200 ‘gg' S
) C(G&I‘S) * .f’ ® -O_ l .2-Q06
AC 3 | B 4.0 2 « 2.006 »
. BC:4 - . 52.2%5 6 -5.372° 2-050
p SC:AB 212.250 81 ~ 2.p20 .
. : -
& _ /
**p{.0L F_g(2,81) = 4.915 p{.0L F 5(6,81) = 3.07 (2-tailed)/: .
» D425 P o5e(6,81) = .35 . | ..
o + ABC Summary Table ‘AB Summary Table :
s ) el c2 Total bl b2 b3 Total
. Dbl 48 63 111 - al 111 101 47 25%
al b2 48 557, 101 © 2z 17¢ 124 60 554
\ b3 ~ 24 23 107 a3 216 167 87 470
? ~ . b% D6 Sa 170 :4’-!-9'7 . 392 194 1989
| a2 b2 66 5B 124 AC Summary Table .
oo .bg ?5, 25 7 &0 ¢l + c2 “Total
pl 106 110 216 al 120 13% 259
a3 b2 \§5 82 167 a2, 177 177 5%
b5 45 87 as 255 255 470
552 501 1085 532+ 551 1083
. .
BC Summary Table
¢l c2 Total ~
bl 230 267 - 497 *
b2 199 193 392
: . 3 105 91 1% .
. o 552 1 1685 -
1 P - L, 552 55 G-Qp 5,,\
B " . g . e
. ’ . . * B B ) ./T-T‘I

SRR 1 SN
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Table 8

Summary and Summary Tables for 5-Way Analysis of Variance of
Number of Digits from 3-Pair Sets Identified for Right (c2). and
Left (¢l) Ear Presentations at the 3 Age (al-S5yr., a2-8yr., a3-
11 yr.) and IQ Range (b1-IQ90, b2-IQ 65-80, ©3-IQ46L) Nested

d Under Age Factor Levels '

Source ‘of Variation S8 af MS - F
Between subjects 2801.16 89
A (age) T8I0.68 T2 .405.34  -51.05%*
B:A(IQ range nested in age) 1347.43 6  224.57 28.28**
S:AB (subject nested in AB) &45.05 81 - 7.04
Within subiects - 22.50 ‘9%
T (ears) ; '2567275 20.673  2.46
. AC - 641 2 73,205
BC:A ] 15.56 & 2.226 -
SC:AB 682.05 81 8.42 :
~

“*2{.0L F 5(2,81) = 4.91;5 p¢-OL F_o(6,81) = 3.07 (2-tailed)
D{al25 F_gog(1,81 = 1.34 (1-tailed) '

EZEEESummary Table ‘ AB Summary Table .

cl c2 Total ’ ‘ bl b2 ~ b3 Total
o bl 67. 79 146 al 146 129 - 61 336
al b2 55 74 . 129 a2 209 158 - 65, 432

b3 30 31 61 s, a3 285 226 130 641
b1 101 108  209- . &3 515 2% 07

a2 b2 77 8l 158

b3 26 39 65 AC Summary ngie

_ bl 3. 2 285 a1 183 15n s
a’ be 109 A1y 2% .. 5 204 228 . LB
b3 66  of 130 ‘a3 318 323 G641
—e 7 Sl ool

~ .
-. BC Summary Table ' '
, e cl c2 Total :
» « bl 311 329 &40
: ) b2 241 272. . 513
. b3 122 I§% 2%6
1 : 3 1

-
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Summary of Degree of Statistical Significance-{l-tailed) of. -
9 Single Factor Analysis of Variance (Repeated Measures on -
Ears) Statistics Derived for the 9 Age-IQ Range Groups (N.S,

= not significant at any level)

. I¢ Range
Age >90 £5-80 | <8l
"5 yr. .05 (REA) .125 (REA) N.S. (REA)
8 yr. .05 EREA% N.5.(REA) N.S. (REA)
11 ¥=. N.5.(REA N.S. (REA) N.S. (LEA)

ulh

Note: The analysis of variance table associated with
each of the 9 analysis of variance computations is presented
in appendix T. i

-

-



o

RESULTS

Table

10

e e e A A L e T Y
RIS CORPL N prafarfd N Lo

167

Number of Subjects in Various Groupings Exhibiting Ear

Dominance for Digit Identification and Specific Direction
of the Ear Dominance

i)
' IQ Tar No
Age Range 1L R Total Dominance
390 & 5 9 1
5 yr. 65-80 2 6 8 2
{61 2 6 8 2
>S90 2 8 10 0
! 8 yr. 65-80 3 7 10 0
<61 3 7 10 0
, >90 3 5 S 2
11 yr. 65-80 3 7 10 - 0
<61 6 L 10 0
28 55 83 7
ii) iii)
Id Range . rar
Age S50 B5-50 <BL  Totalll Age T R Total
5 yre. 9 8 -8 25 5 yr. 8 17 25
8 yr. 10 . 10 10 30 g8 yr. g8 22 302
11 vyr. 8 10 i0 28 1 yr. 12 16 28
57 25 28 53 28 55 83
' iv)
. IQ rar
Range L R “Total
60 ' 9 18 27 L
i 65-80 8 20 28 )
; {61 . 11 17 28
\ 28 55 83




RESULTS - 1es8
65 - 80 IQ range, 28 subjects in the IQ {61 range) and oﬁly
minimally in their tendency to demonstrate ‘REA specifically
(lS-subjécts in the IQ> 90 range, 20 éubje;%s in the €5 -
80 IQ range and 17 subjects in the IQ ¢61 range).

Ear asymmetrieé, regardless of degree, are classified
in table 1l in terms of employment of the right hand on all
six handedhess tasks vs. those not completely COnsistenf in_'
hand preference. Whereas overall,66% of those exhibiting
gar asymmetries exhibited 2 REA (i.e., 55 of 83 subjects), ’_
table 11 shows that 67% of those consistently émpldying the
right hand and exﬁibiting easlasymmetries“exhibitedﬁa REA
(45 of &7 subjects) §s. 63% of thﬁse not consistently em-
ploying their right hend (10 of 16). Of the 19 subjects re-
fer=ed %o in table 11 who were not consisteng ig.their hand, '
usage, seven employed the right hand on éﬁ?gg of the six,
handedness tasks, seven employed the right hand on four of
the six handedness tasks and five selga?éa their right hand
on five of the six tests (number of sﬁbjedts showing right
hand preference on three, . four or fivé of the’fasks‘for each
age-1@Q groubiis summarized in appendix J.). In subjects em;
ploying their right hand on three and four of the six tests,
50% in each group who exhibited'an ear dominance exhib%ged a
REA (% ree of six subjects in each group), while 100% of the
subjects employing their right hand on five of the six handed-
ness tests (four of four) exhibi%ed a REA.

Comparisoﬁ?\g; the performance at each ear of Down's

(‘\ .

“:!\
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o~

Number of Subaects Show1ng Left, ngh or No, Ear Dom;nance
for Digit Identification in Subaects Emnloylng Right Hand
on All 6 Handedness Tasks vs. the Remainder of Subjects

Consistent: R. hand usage

Inconsistent hand usage

No
L R - difference Total
22 45 4 71
6 .10 3 18
28 55 7 90




Syndrome and non-Down's Syndrome chlldren with IQ below 61
p (table 12) suggested DOSSlble ear domlnance dlfferences, _
i whether' ear Hominance is "determined by asymmetrles-ln.number
Q}g - of digits~identified overall at each ea; or by number of sub-.
T | Jects overall emhlbltlng eor asymmetries. |
Howeve*, the 5>-way analysis of variance (unecual
-cell frequency, ledst squares solutlon) conducted on the data
on' digits iéentified (table 13) yielded a significant F-
L statistic for age (factor B), but not for ear {factor C) or

the Down's Syndrome vs. non-Down's Syndrome factor (factom A).
_B. Non-verbal Material

" The combinedtperformance of all males 1s compared to
- that of all-females in table 14 for ‘the idemtification of
t" f/r”" enV1ronmenual sounds from the DL tape. Because the data 1ﬂ
table 14 clearly suggeste;ftne absence of sex dlfferences, the
s¢ores for males and females at each age-IQ range level\were
‘.-comblnea for a p—way anakysis of variance (table 15), which
yielded F-ratios significant at the .01 level (2<tailed) for _
fector A (age) 'and factor B nested in A (I range nested in
the age facfor)- but an entirely absent ear effect (factor C).
‘These results are descrlbed 1n graphic form in flg 8 and 9,
E;Ee;e the 51gn1flcant effect of factor 4 (age) is revealed
by the cons&stent Trend of the number of environmental sounds
presented to each ear identified %o vary in direct pronortion
to age at e.ll three IQ range levels. The significant gei‘fect
(' of.IQ‘rangekpested within the age factor can be seen in fig.

8 and §*B§“fhe decrease in overall and right and left ear
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Table 12
/ . Wumber of Digits Presented to the Left and the Right Ears
;57/ . Jdentified by Children with Down's Syndrome(N = 12) Com-

pared to Children without Down's Syndrome (N ="18) in . .
the 3 Age Groups with SIT IQ< 61 and Number of Subjects in
Each Group Showing Left, Right or No, Ear Dominance ’

-

No. of digits No. of subjects showing
identified ear asymmetries
: L.ear R.ear L.ear R.ear No diff.
Down's Syndronme 125 116 S 5 1
\ , Other ° 16 i85 . S .o L2 Y
{’ : 290 501 11 iy 2

Note: The raw data from which this table was derived is
presented in appendix K. -



" Squares Solution

Sﬁmmarj and Summary
for
Identified for Right
Down's Syndrame (al)

IQ(81 Across the 3 Age Levels (bl-5

RESULTS

Table 13

Tables for 3-Way
Unequal Cell
(¢2) and Left
vs. Non-Down's

172

Analysis of Variance (Least

Size) of Number of Digits

(cl) Ear Presentations in the
Syndrome (22) Children with
yT-, b2~8 yr., b3-11 yr.)

groups

Source of Variation - SS df MS F
" Between subjects 511.38 89
A (Down's Syndrome vs.
others 4C80 1 480

"B (4ge) . 147.10 2 73.55  17.657*x
AB ' : 15.891 2 6.945 l.e67
Subjects within groups 549.803 84 4.166

Within subjects 5507.167 0 )
C (ears) 672 QT 672
AC 4.157 1 4.157
BC 1.011 2 - 506
ABC 59.424 2 19.712
CX subjects within 5461.903 84 65.025

**P<'O;. F_99(298"+)

= 4.90; p<{.25 F_75(2,84) = 1.41 (2-tailed)

ABC Summary Table AB Summary Table
cl ¢2 Total bl b2 b3 Total
bl 16 24 .50 al 50 75 116 241
al b2 4.7 128 75 a2 100 95 157 350
b3 62 54 116 150 168 273 591
bl 54 45 100 AC Summary Table
;P b2 57 56 95 cl c2 Total
\ B3 74 83 157 al 125 116 241
290 501 S91 a2 165 185 550
290 301 591
B¢ Summ Table
cl igy Total
Y bl 720 80 150
b2 84 84 - 168
b2 136 157 273
290 501 591
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Table 14 sj

Combined Performance of All Males (N = 45) and All Females
(N = 45} on Number of Environmental Sounds Identified at
Each Ear and Numbers Showiag Left, Right, or No, Ear Dominance

——%

) 4
No. of environmental No. of{subjects showing
sounds identified ea? asymmetries
, L.ear R.ear L.ear R.ear No diff.
£ males 515 332 19 17 9

females ) 294 295 - 16- 17 - 12

|\i

.~

Ty

~



N

-RESULTS : e

Ta’b&e 15 ' |

Supmary and Summary Tables for 3-Way Analysis of Variance of
ngger of Environmental Sounds Identified on Left (cl) and Right
(¢c2) Presentations at the 3 Age (al-5 yr., a2-8 yr., a3-1l yr.)
and 3 IQ Range (bl—IQ>90, b2-65-80, b3-IQ{61) Nested Under Age

Factor Levels . :

Source of Variations © 8s af MS F
Between ‘subjects 2122.24g 89 N S
A (age) 06.478 2  355.25 47.79%*
B:4 (IQ range nested in age) 867.067 -6 . 144, L 19.55*x

S:AB (Subject nested in AB) 508.700 81 7.391 0
Within ‘subjects ™ - 216.00 %v S
< (ears) L4422 i 1422
AC . 1.5345 2. B75
BC:A C : . 7.133 < -1.189"
SC:4AB 206.100 81 2544

**pd .01 F_99(2,81) = 4.91; p{.0L F.99(6,Sl) = 3.07 (2-tailed)

ABC Summary Table . . AB Summary Table
cl c2 Total i bl b2 b3 Total
bl 67 70 137 al 137 89 37 263
al b2 46 43 89 a2 184 152 81 417
b3 14 25 57 a3 230 20 11
551 446 257 1254
bl° ¢35 91 184
a2 b2 72 80 152 : - AC Summary Table -
b3 39 42 8l cl., c2 Total

' 127 136 2653

. bl 116 114 250 204 213 ¢ 417

a3 b2 101 104 205 A 278 276 554

b5 .61 58 119 609  B25 1254
609 625 12354 :

5 R B

BC Summary Tahle
¢l c¢2 Total®
bl 276 275 551
b2 219 227 446
b3 114 125 2357
609 625 1234
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= ' AB summary table of Table 15... :
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Figure 9 - Comparlson of number of env:.ronmental sounds
'nresented to each ear identified by each age (A) - IQ range

“IQ>90, B,-65-80 IQ, B -1Q{61) nested in age-group. Each
Esun was com'oosed of, 10 éub;jects.

S

Note: The data for Dlottlng Figure 9 was ootalned from:bhe
ABC summary table of :Table 15. .
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Derformance for environmental sound identification in %he
three age grouﬁs as IQ range level decreases.

Table 16 presents the number of Subjects in various
groupings that exhibited a REA or LEA, regardless 0f degree,
for environmental sound identificgtion. The data in table
16 suggests no tendenc; for a majority-of Subjects overall
or a majority of Subjects in any partvicular age - IQ range
or their groupings To exhibit a barticular ear asymmetry for
environmental sound identification (e.g., the data_of part i
Teveals that no more than five of the 10 subjects in any of
the nine age-IQ Tange groups exhibited. a Specific ear domin-
ance). The only suggestién of possible Specific ear asym-
Zetry dominance occurred at the 11 fr. 0ld level, where 14
Of 25 subjects exhibiting ear dominance exhibited a IF4 (see
part iiiof table 16). :

The ear dominancé pattern_of identification of envir-
onmental sounds in those Subjects who employed their right
hand on alj six handedness tasks (49.1% of such subjects
exhibiting an ear advantage exhibited a LEA, see table 17)

did not differ markedly from those who were not completely
.consistent in their hang usage (60% of such subjects exhibit-
ing an ear advantage exhibited a LEA), percentégés in turn
not markedly different from the 51.5% exhibiting IE& of a11
subjects exhibiting ear advantage (35 of 68).

£

T the 19 subjects referred to in table 17 who were -

not completely consistent in their hand Preference, there

At e e Fe e —
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Table 156
Number of Subjects in Various Groupings Exhibiting Ear
Dominance for Environmental Sound Identification and
Specific Direction of the Ear Dominance
i)
iR - Ear No
Age Range T R Total Dominance
>90 4 5 g 1
5 yr. 65-80 5° 3 8 2
{61 3 4 . 7 3
>90 5 &4 g 1
8 yr. 62—80 2 5 7 3
- <61 2 1 3 Vi
>90 .5 3 3 z
11 yr. £5-80 5 3 8 2
<61 4 5 9 1
35 33 68 . 22
IQi;.) iii)
. ange zar
Age 530  65-80 <61 Total - 488 T~ . R Total
5 yr. o 8 7 24 5 yr. 12 12 24
8 yr. 9 7 ‘ 3 19 8 yr. 9 10 19
11 yr. 8 8 9 25, 11 vyr. 14 11 25
28 23 19 38 35 33 68
iv)
IQ Ear
Range L R Total
>90 14 12 26
65-80 12 11 23
{61 9 10 19
35 33 685
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Table 17

Number of Subjects Showing Left, Right or No, Ear Dominance
for Eavironmental Sound Identification in Subjects Employing
Right Hand on all 6 Handedness Tasks vs. the Remainder of

Subjects.
‘ Ear | no
L R difference Total
Consistent R. hand usage. 26 27 18. pa
Inconsistenf hand usage S 6 4 19
- 55 53 22 90

!
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seemed to be no trend toward differeﬁt ear dominance patterns
in Ehe seven subjects who employed their right hand on three
of the six khandedness tasks vs. the seven who selected their
right hand on four of the items, vs. the five who utilized
thelr right hand on five of the six té.sksT In subjects em-
rloying their right hand on three and four of the six tests,
50% in each group who exhibited an ear dominance exhibited a
LEA; in subjects who employed their right hand on five of the
six tasks, 60% who exhibited an ear dominance exhibited =z
LEA.

Informal comparisons at each ear of the environmental
sound identification performance of the 12 subjects with Down's

Syndrome (four at each age level) and the 18 other children

with IQ scores below 61 (table 18) indicates that the child- -

ren with Down's Syndrome showed some tendepcy to exhibit =
different ear dominance patué;n from children of the same e
range without Down's Syndrome, whether the ear dominance is
based on number of environmental scunds identified overall at
each ear or relative number of subjects overall exhibiting a

particular ear identification superiority.
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‘Pable 18-

Number of Environmental Sounds Presented to the Left and
Right Ears Identifiied by Children with Down's Syndrome (XN
= 12) Compared to \éhildren Without Down's Syndrome (W = 18)
in the 3 Age C—roups\witb. SIT IQ< 61 and Number of Subjects
in Each Group Showing Left, Right or No, Ear Dominance.

\

4

v
i

i
|

No. aof env. sounds No. of subjects showlng

identified ear asymmetries
L.eax R.ear L.ear R.ear No diff.
Down's Syndrome 49 45 5 5 &
> Other - 6 28 i i 7

11 125 ] 10 11

|

] .
Note: The data presented here was derived from appendix L.



CHAPTER IV
DISCUSSION

The three indepeﬁdent variables manipulated in the
present investigation in an attempt to study the development
of cerebral dominance for thé processing of verbal and non-
verbal auditory input were age (three age levels), Slosson
IQ (three IQ ranges) and ear of presentation (rigﬁ% vs. left
ear). The combination of the first two independent variables
resulted in the inclusion of nine age - IQ range groupns (10
subjects per group). Performance of these 90 subjects was
then obsérvea in relation to the third independent variable
manipulated, right vs. left ear presentation of material.

The number of iftems presented dichotically correctly identi-
fied was the main performance measure (dependent variable)
studied and extent of differences in number of items presented
at each ear correctly idéntified was utllized as the main

index of the presence of cerebral dominance.

Other performance indices of cerebral dominance to

~be considered are number of subjects overall and number of

subjecté in the various age - IQ range groups who exhibited
any ear identification asymmetries, and analysis of rumber

of digits on the 1- , 2- and 3-pair sets of digits identified
separately on right and left ear presentation. Results with
the verbal material will be considered first, followed by a

discussion of ear performance differences on the non-verbal

B
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material] the chapter concludes with a general discussion

of the results and their implications for future research.
A. Verbal Material

The absence of a sex effect-and any interaction with
The sex variable on the LI-—wéy analysis of variance (table
4 of chapter III) supports previous findings of lack of sex
differences in children in identification of verbal input on
DL (Berlin et. al., 1973; Borowy, 1974, Bryden & Allard, in
press; Geffner & Hochberg, 1971; Hynd & Obrzut, 1977; Ingranm,
19?5; Kimura, 1963b; Enox & Kimura, 1970; Nagafuchi, 1970;
Piazza, 1977; Satz et. al., 1975; Schulmen - Galambos, 1977
S;mmers & Taylor, 1972), and justified combining of data for
pales and females in each age-IQ group for further analysis.

The resulting 3-way analysis of variance for all
dig}ts identified and separate 3-way analysis of variance
on the digité identified from each of the 1- , 2- and 3-pair
sets indicated that age and IQ range nested within the age
factor were highly significant in each analysis. These signi-
ficant main effects demonstrated that overall ear performance
increased as a direct function of age and IQ range (e.g.,
inspection of figure 6 of chapter ITI revealed that the older
each group at a particular IQ range and the higher the IQ
range of a particular age group, the higﬁér the overall per-
formance). The same trend held specifically for idéntification

of all digit material presented either to the right or the

s

A‘ left ear (see figure 7). This increase in overall accuracy
. ,

1

e S e e i el



il T

DISCUSSION 184

with age has beeynoted in earlier DL research (Berlin et.al.,
1975: Geffen, 1976; Mirabile et. al., submitted; Satz et. al.,
1975; Schulman-Galambos, 1877; Sobotka, 1974; Tobey et.al.,
1976; Witelson, 19753 Eynd & Obrzut, 1977 noted no increase
with age). However, this trend did not reveal the extent

of ear perfdrmanpe differences, nor the nature of any differ-
ences in relatidﬁ to age or IQ range.

Such ear performance asymmetries were revealed Dy the
significant overall REA for identification of all digits and
digits from l-pair sets that did not interact with age or -
intellectual 1&vel (e.g., AC and BC summary tables of appendix
J and K show the REA to be present at each age and IQ range,
though in only eight of the nineage-IQ rénge groups). Therefore,
in terms of the hypotheses outlined at the conclusion of
chapter I, null hypotheses 1 and 5, predicting an absence of
overall REA on all digits identified and on digits identified
from the l-pair sets, were not supported; the absence of infer-
- action of the significant REL with age or intelligence level
on both analyses supported null hypothesés 2 and 6. The absence
‘of significant ezr and interactions with ear effects on identi-
fication of digits from the 2- and 3-pair sets supported nuil
hypotheses 7-10.

Each 5 yr. ol&ei¥bited 2 REA; however, the single-
factor analysis of variance computations conducted for each
age-1Q groué revealed the superiority fo be significant at
the .05 level in the IQ above 90 group, at the .125 ievel for

the 65-80 1Q group and notv ét all for the IQ below 61 group.

e e LTI P
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Thus, adoption of the .05 level as the critical cut-off point
1eads;§olthe conclusion that only the IQ abovg S0 group ex—”.
hibiféa-a significant REA. The lattef sigﬁgficant result
and the differing degree of non-significance for thé two
other 5 yr. old groups suggested an increasing REA as in-
Tellectual level increased. Therefore, null hypothesis 3 and
4, predicting similar non-significant ear asymmetries or a ®
similar significant REA for all age-IQ groups,were only =
partially supported (supported in two of the 5 yr. old groups,
not supported in the 5 yr. olds with IQD> S0). -

The finding of"a significant REA in the IQ above 90
semple is in agreement with earlier DL results with normal
5 vr. olds on digit identification (Borowy, 1974; Gpffmer &
Hochberg, 1971; EKimura, 1963b, 1967; Enox & Kimura, 1970 -
2 samples; Sommers & Taylor, 1972; Sommers et. al., 1975)
apd with normal 5-5 yr. olds on identification of words.(Geffen,
1976; Goodglass, 1973; Enox & Kimura, 1970-2 different &ests;
Masterton, 1975; Piazza, 1977; Schulman-Galambos, }977; Slor-
ach & Noehr, 1974; Sommers & Taylor, 1972) and syllables
(Berlin.et. ai., 1973a; Dorman & Geffner, 1974; Geffner é
Dorman, 1976; Hynd & Obrzut, 1977; Krashen & Harshman, 1972;
Sadick, in prep.), even when non-verbal responding is em—
ployed (Enox & Kimura, 1970). |

Despite the zbsence of ear interaction with age and
1Q effects, the trernd in fig. 7 and the data in apperndix J
suggested that ear differences on all digits identified might

not be as pronounced at the older ages (i.e., REA of 84 at’
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age 5 yr., 45 at age 8 yr. and six at age 11 yr.) and lower
IQ ranges (i.e., REA of 81 in the three groups combinéd with
IQ>90, 43 in the 65-80' IQ range groups combined and 11 in
the three groups with IQ(61l). The results of the single-
factor analysis of variance conducted on the data from each
age-I1Q range group (see table ¢ of chapter III) supported ¥

the bresence of age and IQ-related differences. In regard

T0 age, two of the three 5 yr. old groups obtained a2 REA

that approached (65-80 IQ range) or attained (IQ>90) the .05

level of significance; at age 8 yr. only one of the three groups

vielded suc% a result (IQX90 group attained the .05 level);

no 11 yr. old gréup exhibited even a tendency toward statisti-
cally §ignificant differences. In regafd to iQ range all

three groups in the IQ below 61 range failed to attain or
approach a statisticaily significant REA, in contrast %o one

(5 yr. old - .125 significance level) of fhe three grougs

whose IQ fell in the 65-80 range:approaching the .05 signifi-
cance level and two (5 and 8 yr. olds) of the three groups G
with IQ above 90 actually attaining the .05 significance'level.
Thus, the major sources of the overall REL for all digits -

identified in the nine age - IQ range groups were the 5 and 8

"yr.olds in the I§ above 90 range, and, to a lesser extent,

the 5 yr. olds in the 65-80 IQ range. In addition, two of
the three groups with IQ zbove 90 obtained a significant REA4,
in contrast to none of the six groups of subaverage IQ; and
although the 5 yr. old level was a major source of the REA

(two 5 yr. old groups), the biggest contrast in extent of
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REA befween groups with IQ above Q0 and groups of subaverage

intelligence occurred at the 8 yr. old level (iQ>9O group -

.05 level, neither subaverage IQ group éxhibiting even a

tendency toward a significant REA). fThe findings in the 8 yr.

olds thus also provide only partial support ta null hypothesis

3 and 4 (support from two of the groups, not supported in the

8 yr. old IQ*90 group), while results in all 3 groups of 1l

¥yTr. olds supported null hypotheéis 3 and 4. ) -
These results thug suppert the speculatioh referred

To in the literature review that mentally retarded populations

may not possess functionally specialized hemispheres (Berman, -

'1971; Dustman et. al., 1975; Kershner, 1975; Kershner & Jeng,

1972; Kershner & Kershner, 1973), or at least support +he
possibility that that aspect of leéft hemisphere speech special- —
ization tapped on DL of digits may be less pronouﬁced or later.
cccurring in the types of children of subaverage intelligence
included in the current thesis research. Although some vefy
iﬁsubstantial evidence that’might relate to these possibilities

was also cited in the literature review (e.g., Bakker, 1969;

Berman, 1971; Dustman et. alzy 1975; Rhodes et. al., 1969; - 4
Weitan & ;Eaﬁgh, 1974b), the present %indings provide the

¢
first adequately designed demonstration of differences in

extent of ear asymmetries and possible  left hemisphere speech
specialization differences in children of average vs. subaverage
intelligence.

‘ The fact that the only group of subaverage intelli<

gence whose REA approached some level of statistical signi-

ficance (5 yr. olds, 65-80 IQ) exhibited a less marked asym—

—
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metry than the 5 yr. olds of average IQ suggests reduced left
hemisphere specialization for Speech in this group of gub—
average 1Q, compéigd to the;ﬁ yr. olds with average IQ. But
such a trend to approack a significant REA suggests that the
ﬁypothesis of some degree of left hemisphere specialization
for speech in the 5 yr. 0ld group with 65-80 IQ shculd not
as fef be rﬁled out completely, nor éhould the hypothesis of
greéter degree of specialization in the-létter group than may
be present in the 5 yr. old group with IQ below Gi.

Accepting the datg for the 8 yr. olds at face value
for all digits identified (i.e., that ear asymmetries for
digit identifiéation significant at the .05 level indicate
presence of hemisphere specialization and that complete ab-
sence of statistical significance of any kind indicates ab-
sence of hemisphere-specialization) would lead o the con-
clusion that %he diéference inkaégree of left hemisphere
speech speciaizgétion between the groups with an average and
subaverage IQ was greatest at the age of 8 yT- At this age,
the group with average 1Q would be seen as possessing a
specializéd left hemisphere for speech, while the other two
IQ range groups would bé seen as possessing a hemisphere

much less specialized (or completely non-specizlized) for

speech.

&

Also, the age changes in degree of ear asymmetries
for identification of digits accepted at face value miéht
lead to the conclusion that the 8 yr. olds with &5-80 IQ lost

the degree of specialization reflected in a trernd toward
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significant REA present in the 5 yr. “olds in the same IQ

©. range, and the 11 yr. olds w1th IQ above 90 lost the degree

of ‘specialization reflected in the significant REA present
in the 5 and 8 yr. olds of average IQ.

However, -this latter explatnation is incompatible with
a maturational or developmental process_view postulating in-
creasing lateralization with age (Sété‘et.'al., 1975), Safz
et. al. (1975).3150 have argued that this explanation is at
variance with the pattern suggested from .the incidence and
recovery of speech disturbances in brain-injured childreﬁ.
(e.g., Basser, 1962; Lenneberg, lggP).

An alernate explanation is that some factor othexr
than hemisphere specizlization was‘reducihg The extent of
ear asymmetries at the older ages and was obscpringAthe pre-
sence of left hemisphere sgecialization OT any further devel-
opment of left hemisphere sneciaiization; In regard %o the
latter DOSSlDllluy, Satz et. al. (1975) have suggested that
developmental trends may be obscured because of a ceiling
effect on the te5u items, older children exh_bltlng a less
pronounced ear asymmeéry because the. left ear is able to
continue to improve its Derformance to a greater exten than
the rlght eAT Wthh had been Derforml ng nearer to 1ts ceiling
level at an earlier age. Klmura (1969b) had earller forwarded
a similar exﬁlanation for what -she 1nterbﬂeuea as a sTLgh*
reduction of the REﬁ in heﬂ older groups (4-9 yr. olds were

studied). For thlS reason Sat z et. al. (1875) employed a 4-

palr digit task to increase task complexity and thereby reduce
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or eliminate the influence of the ceiling effect.

However, the data of Kimura (i965b), Satz et. al.
(1975)'and other results could be interpreted as degonstrat;
ing that the ceiling effect 1s in fact onlﬁ'é véfy ﬁinar,
element in reducing'ear asymmetries in older children. In
the case of Ximura (1963b) her data may be viewed as reveal-
ing little or no'developmental changes in‘fhe REA: 4, 5 and
6 yr. old males and females exhibited a REA significant at
the .0l or .05 level, one 7 yr. and one @ vr. old group (both
males) at the\.OB and .01l level respectively, with the great-
est asymmetry occurring in the 8 yr.‘old males and females
(both at .01 level). Satz et. al. (1975) themselves have
cited the data of Geffner and Hochberg (1971) and Knox and
Eimura (1970) to support the importance of the cegiling effect.

However, Enox and Kimura (1970) found no significant age by

ear interaction effect on éeparate diéit énd.syllable identi
fication tasks in 5-8 yr. olds, failed to provide statistics
for ear asymmetries at each age level and made no suggestion,
0f reduced ear asymmetries in older children. In the 4—7

yr. olds studied by Geffnef and Hochberg (1971), a decreasing
REA with age was suggested only‘from the raw data of the
middle cléss,groups,'whereas thére was an equally siénificant
REA on statistical analysis in these four age groups. from the
"middle-class",tﬁe occurrence of a significant REL occurred
only in the.$ jr. old "lower class" groups and there was an
absence of age by ear interaction effects.

Satz.et. al. (1975) themselves provided only indirect
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support by observing an increasing REA in 5, 6, 7, 9 and 11
, - -

vr. 0lds that reached significance only in the ¢ and 11 yr.

olds when a more difficult digit task.(4—pair sets) was

utilizéd; unfortunately, less difficult tasks were not in-

- rcluded for direct comparisor purposes. There also appears

to be nofdiffe;ence in'likelihooq of finding evidence for

gaxr asymmetries in terms of digit taskﬁdifficulty (eeg.s
equally significant BREA with 2- and 3-pair sets of Bf&den,
1970 and Witelsdn, 1975 vs. 3-pair sets of Borowy, 1974, Darby
& Satz, 1975 and Sobotka, 1974). '

In any case, there are several ways of determining

- whether the ceiling effect was operating irn the present re-

e
search to cloud the presence of an increasing left hemis-

phere specilalization for speech that would have been re-
flected in increasing REA for digit identification with age
if the ftask had been sufficiently difficult.

If one notes the performance of the 5, 8 and 1l yr.

“0lds (teble 9 and ABC summary tsdbles. of tablexr 5 to 8) .

when such children were performing at a relatively lower
level in terms of total number of diéits'identified (i.e.,
the 65-80 IQ and IQ¢El groups compared to the IQXS0 groups).
one sees that there appears to be no particular trend fo;

groups in these two lower IQ ranges to continue to exhibit

increasing ear asymmetries beyond the age when the IQ above

90 groups ceased to do so (i.e., any REL did not appear to
increase in the two lower IQ_'range groups at age 8 or 11 yr.,

compared to the IQY30 groups at the same ages). Such an in-
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Terpretation is also supported by thg absence of a sigrificant
IQ-ear interaction nested in age effect, which is a qombin-
ation of IQ-ear interaction and age - IQ-ear interac;;on effects
in the standard analysis of variance design.' Changes that:

did occur with age were in the opposite d;:ection: ahdecrease
in ear asymmetries at a yanger age than in greups performing
closer to ceiliﬂg level (e.g., for all digits identified - 8§ yr.
olds with IQ in 65-80 range failed to obtain an F—ratib that
\épproached a sta@istica;ly significant level, though the 5

yr. old 65-80 IQ féﬁge'group obtained a .125 level, while the

8 yr. olds with IQ>90 continued 56 shou the REA significant

at the .05 level that the 5 yI. olds with IQXJ0 exhibited). -

. Hence, when statistical comparisons in the pattern of the

development of_degree of ear asymmetries for all digits
identified were made émong children who differed in terms
of;their distance from the ceiling levél of the test (IQ)SO
vs. 65-80 and IQ range <61), the only difference pertained
To decreasing ear asymmetries af an earlier age (65-80 IQ
range), or an absence of change (IQ<61), rather than to ear
asymmetries continuing to increase to a greater extent at
later ages in those groups berforming farther from the ceil-
ing level of The task.

One also can compare the performance of all groups
on thé l- , 2~ and 3-pair digit sets separately, since the
task demands during the 2-pair set presentations presumably °

were more complex and taxing than during the l-pair set hre-

sentation, with demands during the J-pair set presentation
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presumably being the most complex and taxing. The influence
of fhe ceiling effect presumably would be mitigated to some
extent on these relatively more difficult pbrtions of the
digit‘iaentification task, with the expectation of a larger
REA on the 2-pair sets than on the i—pair sets, and tke.
largest REA being predicted for the 3-palr sets. However,
the 3-way analysis of variance computations on the digits
identified on 1- , 2- and 3-pair sets separately jielded the
largest REA overall on the l-pair gets (.025 signifiéance
level), least on the 2-pair set data (completely non-signi-
ficant), 3-pair set data being intermediate (.125 significance
level), see tables 6-8 of chapter ITI. Hence, statistical
analysis of portions of the data which presumsbly would be
less affected by any ceiling effect revealed a reduced (3~
pair) or completely zbsent REA (2-pair) and the portion of
the data that presumably would be most affected by the Qéiiing
effect (l-pair) showed a significant REA (.025) and was the
main source of tﬁe overall REL for all digits identified.
The minimal influence of a celling effect on ear
asymmetries on the DL diglt tepe employed in the current
study is further suggesied by the significant REL found in
the piloﬁfstudy with seven adults (see appendix 4), since
any ceiling effect would presumably exert its maximum in-
fluence (i.e., eliminate the.REA) in such subjects. Thus,
any reduction of ear asy@metries with age in the present
study seem entirely unrelated to any ceiling level present

on the specific DL task utilized.-®C
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Porter and Berlin (1975) have offered an alternate
explanation to that of Satz et. al. (1975) to reconcile the
findings of Satz et. al. (1975) and Bryden and A_:ngrd (1973)
with results from the five other studies cited by Satz et.
al. 1975 (Berlin et. al., 1973; Geffner & Eochberg, 1971;
Kimura, 1963; Knox & Kimura, 1970; Nagafuchi, 1970). Porter
and Berlin (1975) suggested that different DL tasks may be
assessing different levels of language processing that mature
at different rates (e.g., 4—pair digit task employed by Satz
et. al., 1975, may be tapping more slowly maturing RmemOry
processes, and single-pair nonsense syllables and fewer digit
pair tasks may tap earlier maturing auditory and phonetic
processes ). However, the finding of 2 non-changing REA in
children in kindergarten to gr. 5 and in college students. on
a2 presumably quite difficult DL btask, recall of monosyllable
nouns presented in F-pair sets (Schulman—Galambos, 18777,
fails to support this explanation.

It varizble suggested by Porter and Berlin (1975)
were affecting the. present resulis, one would again expect

3-pair sets in the 8 and 11 vr. olds (or at least in the
11 yr. olds) to elicit_é more pronounced REAL than that elicited
by the 1- and 2-pair sets.. Such an expectation is 5ased on
the inference that the 3-pair sets would presumably be tapping
reiatively more slowly mabturing memory processes than tﬁat
elicited by the 1- and 2-pair sets. But, as indicated above,-
the RELA was least for the identification of digifs from the

L d

-pair sets.

O
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Another method??% reflecting deve}opmental trends on
DL is to consider the number of subjects overall and in a
particular age-IQ range éroup exhibiting a REA or LEA, re-
gardless of degree (e.g., Bryden, 1970). A substantially
larger number of subjects overall exhibited a REA on the
digit input, compared to a LEA (55 vs. é8, with sgven ex-
hibiting no ear differences, see table 10 of chapter IiI).
Thus; 66% of subjects exhibiting asymmetries showed a REA and
61% of all subjects exhibited the REA. If a 67% cut—off
point is arbitrarily adopted to classify previous DL research
with verbal material as indidating a fairly sensitive measure
cf that aspect of left hemisnhefe specialization tapped by DL
of verbal materials (i.e., above 87% suggesting a fairly sensi-
tive measure, less than 68% indicating a fairly insensitive
measure), DPrevious research is equally diyided bétweeﬁ those
whose results suggested a fairly 1nsen51u1ve measure (Bever,
1871, see note 96: Bryden, 1965, 1966’ [:three different sampleé},
1970, 1975 ; Bryden & Allard, in press [grade 2 and 4 samoles])
and those indicating a alrly sensitive measure (Ling, 1971; see
note 933 Satz et. al.,. 1965 Sommers & Taylor, 1972; Witelson,
1875; WIuelSOE & Rab1nov1tch 1972 another sample of Bryden,

1966, 1970, 1975 and Bryden & Allard, in press). Unfortunately

other relevant .child studies have failed t0 report percent-

age of subjects exhibiting REA. The assumption made in .

classifying such studies as haﬁing employed sensitive vs.

_insensitive indices is of course that the typre of left hemis-

Dhere speech-specialization tapred by verbal DL was invari-

ably present in each subject of all samples studied, with
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failure.to Sbtain a REA in a particular subject due to the
insensitive nature of the test, rather than because that

aspect of left hemisphere specialization was absent. Such
an assumption would be challenged by many (e:g., recall the
conflicting views and evidence concerning age of onset and

development of lef% hemisphere dominance presented in the

literature review). This assumption would be an especizally

dubious one in the present study: the relatively larger
nﬁmber of subjects who failed to exhibit REA may have been
to éome degree indicative of zbsence or lessened degree of
ileft hemisphere specialization in the child of subaverage

IQ, rather than evidence of an insensitive measure. Thus,
when one considers that percentage of subjects in the present
samples 1s. roughly as large or larger than one-half of the

samples in research reoo”tlng %umber of children exhibiting

REA for idemtification of verbal materials on DL, despite the

inclusion of subjects more likely to be lacking a specialized

left hemisphere.or exhibiting reduced‘sﬁecializat*on, one

' mist conclude that the present number of subjects exhibiting

REA argues-for the sen51t1ve nature of the instrument em-

‘DlOyed (sensztlve both to presence and absence of left hemis-

phere dominance; the extent of an asymmetry in a particular
subject in turn may reflect extent of left hemisphere special-
ization tapped by digit identification on DL, see below).

In regard %o‘developmental trends, the number of sub-

jects manl?est ing a REA had increased in each 8 yr. old group,

compared to their IQ range counterparts at the 5 yr. olid
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level (especially the IQY30 group), though this trend reversed
itself in two of the 1l yr. old groups (17 of 30 at age 5 re-
vealed a REA, 22 at age 8 and 16 at age 11, see table 10).

- For IQ range, there appeared to be similar numbers of subjects

exhibiting a REA at eaéh 19 level (table 10 - 18 of -30 sub-
jects with IQ)90, 20 with 65fso IQ, and 17 with iQ(@l). In
the five age-IQ groups of. subaverage intelligence who coﬁ-
tained a majority of subjécts exkbibiting a REA: 70% was the
lowest percentage exkibiting a RE4A of those deﬁonstrating an
ear advantage. This percentage compares favourably with the
66% and 67% for all subjects and the 30 subjects with IQ above
90, respectively (see table 10).

' Thus, as suggested in a -literature review note (note

99 reference to Berlin et. al, 1973z and Witelson & Rabinovitch,

1972) concerning the possibility of different methods of reflect-

ing ear dominance 1eadiﬁg to different conclusions concerning
the development of ear gbgmmetries, different conclusions con-
cerning the presence aﬁd development of the REA were suggested
when number of subjects in each group exhibiting REA was em-
ployed as the dependent variable (i.e., in the bresent samples,
number of subjects demonstrating REL for digit identification
on DL may be increasing beyond the.age of 5, perhaps even be-
yond the age of 8; and nuﬁﬁer,of subjects exhibiting the RELA
may not be affected by intellectuzl level). |

The seemingly disparate conciusioné from the two
methods of studying ear énd related cerebral, dominance may

actually be complimentary, rather than contradictory. Perhaps

''''''''
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the extent of the REA does not increase in the 8 amd/or 1l yr.
0lds once it is present (reier to studies in literature review re-
porting a REA in 4-6 yr. olds that did got change in older

age groups), fbr-examnlewin The 5 and/or>é-yr.'olds. Although
the REA may not appear in some until after the age of 5 and
perhans not even until aftcr the age of S in those uho haven't
acoulrea “the RLA unull *hat point, the first annearance of

c 2

, ct

BEA suf +‘a.cza.ently strong To be reflected either in the

Hy

irst

garance in the 8 yT. ‘0lds of subaverage IQ of a- SuaulSulcally

‘SLgnlflcanu REA fo* digits 1aent1¢1ed or 1n an, 1ncrease of the

degree of stat lSulC&l 51gnlfﬂcance of *he HEA 2t 8 JT- com~
pared to 5 wyr. aF the IQ =bove 9O level. Also, aluhougn a

very SLmﬂlar number.. of 5 and '8 yr. olcs at each IQ 1evel and
within each age—IQ group nay bve e\hlbWulng a RE4 (see parts i
and iv of table 10), the.extent of the RE4 is greater in. the

5 and 8 yr. olds at the IQ¥90 level than -at the two subaverage
IQ levels (since-éignifiCagt_REA present in the two groups. £
of average IQ,fbr identification_of all digits vS. non-signifi- -
cant REA in all four groups of subaverage iQ).V |

Thus; the two methods of reflecting ear and hemisphere-

related perforrance may be Zeasuring slightly different de-

‘grees of left hemisphere dominance: the simple presence of

left hemisphere specialization, regardless of degree, in the

case of classification 'of REA on the basis of a highér right

ear score, regardless of degree; the degree to which the REA
. . 4

and left hemisphere specialization is present in the case of

L)
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analysis based on number of digits identified at each ear.
Although Berlin (1977) argues against the hypothesis
that extent of a REA reflects the maénitude of left hemisphere
speech and language speclalization, while few 6ther authors
ﬁave discussed the issue directly, many researchers have im-
plicitly accepted the hyvothesis. The present researcher
would agfee with Beriin (1977, ©.305) that "...a dichotic
listening task [is not] an immutadble index of left heﬁisphere
linguistic superiority", but would advocate that postulating
the extent of =z parbticular REA, in a carefully designed study,
as providing some appfoximation to.exfent_of the type of left
hemisphere specialization tapped by wverbal DL is not an un-—

reasonable speculation, and a speculatidn that~affords

[

reasonable explanation o the present results.

If the latter explanation is zpplicable

ot

L]
o the present

.data, the results on the two methods suggest that the REA may

be present in both groups of 5 yr. olds and both groups of 8
yT. olds of subaverage 1Q, but that the REA present in these

groups is not as promounced as in the 5 yr. olds of average -

IQ. The earlier mentioned caution that the hypothesis of

some degree of left hemisphere specizlization sheould not be
ruled out for the 5 yr. old 65-80 IQ group should thus perhaps

be extended to all four 5 and 8 yr. old groups of subaverage

‘intelligence (and to the 11 yf. 65-80-I¢ group as well, be-

cause seven of these 10 subjects exhibited a REA).

1t ﬁas also been nqted that,'although the data df table
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12 sugéested ear dominance might differ in children with and
without Down's Syndrome with IQ below 61, statistical analysis
failed to reveal such performance differences on number of
digits identified overall or at each ear (table 13). Des-
pite thls fallure to obtéiﬁ ear differences for dlglt ident-
ification, the proportion of children with Down's Syﬁdrome ex-
hlbltlng REA appeared to differ markedly from-the Drooortlon

of chlla*en w1thout Down's Syndrome (table 19) Thus, utiliz-

/’11@ thls secona means of stuqylng ear nerformance in the two
fsubgroubs of chllaren w1th IQ below 61 revealea 70%% of child-

ren without Down's Syndrome who yielded an ear advantage ex- °

nlbltea a REA, in comparison to 66% on the overall samDTe of
20 subjects and the 67m of the 30 subjects with IQ above GO
table 10). 'These Dercentages suggest that at least as many
cf the chlldren w1th 'IQ below 61 w1thouu Down s Svndrome ex-
hibited 'a REL as at any,narulcular age or LQ 1evel or age-IQ
group»studié@. _ '" - -j - | S
In te erns of'age trends in the”IQ'be1ow~61‘grouns;
the data . in appendix K suggeSuea 1o DartlcuWar ear aavanuage
at 5 y*. in the children Wﬂthout Down S Syﬂdrome {i.e, LEA .
for all digits 1aent1f1ea, Dut more subjects showmng RLA), whlle‘
the & and ll vr. olas without DONE s. Syndrome showed a falrly
clear BEL (i.e., on either neuhoa of reflecting ear De“;ovmance)
For the chi ldren with Down's Syno.rome, t_ne 5 yr. olds exhibited
a RAA_and the 8 and,ll yT. o’as yﬂelded a LEL with. either
method. Thus, the +‘a._'lu.uc-,'u,o obtam a s*gﬂlﬁlcaﬁt REﬁ in the

8 and 11 yr. olds with IQ oeTOW 61 may in large part have
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been caused by the LEA present in the Down's Syndrome chiiq—

ren in each age group. The above discussed speculation of

-

somé‘degree of REA and any related left hemisphere special-

_ jzation in the 5 and 8 yr. olds of subaverage intelligence

(four groups) and the 1l yr. 65-80 IQ group should accord-

ingly be extended to 11 yr. olds with IQ below 61 without “

Down's Syndrome, with the possibility glso that any REA in
the S yr. olds with IQ below 61 applies oanly to those child-
ren without Down's Syndrome.

These results obviously require ‘replication with
larger saméiés concerning the possibility of a IEL in Down's

Syndrome children, and to confirm the presence in the non-

. Down's Syndrome children with IQ below 61 of a REA for the

identification of digit material on DL. Due to the scarcity

and non-definitive nature of research of cerebral dominance
in:the intellectually subaverage, including Down‘s Syndrcme,
little guidance is provided in this regard from the research
literature (e.g., see éﬁmmary on p. 92 of literature review;
coﬁcerning Down's Syndrome spééifically, the Bigum et. al,

1970 and .Galbraith et. 2l., 1975 VER research with Down's

Syndrome and matched normal samples provided inconsistent

results, failed to include matched samples of similar IQ
without Down's Syndrome, involved children in one study - Bigum
et. al., 1970 - and adults in the éilbraith'et. 2l., 1975 study;
with the ofigig of the VER hemisphere asymmetry and relation-
ship‘to hemisphere language vs. non-language speciélization

in any case being obscure - Dustman et. al., 1975), nor from
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publications devoted excluszvely to Down's Syndrome (e.g.,

Benda, 1969).

Results on digit identification, either overall or

-
-

for any particular age-I1Q group or age or IQ level, were

neot affected by 1nclus%/ﬂf2f subjects who were not completely
consmstent on the handedness tasks; only seven of the 90
subjects employed their right hand on three and only seven

on four of the six handedness tasks and these subjects were fairly
equally distributed across IQ ranges (three with I9{61, two
with 65-80 IQ, 2 with IQ>90 in each of the seven subgects,

See appendix d). In any case, ear asvmmetrles were similar

iz children empleying their right hand complguely consistently,

compared to the remainder of subjects (table 11).
B. Non-Verbzl Material

The épparent absence of a sexX effect for the identi-
fication of the environmental sounds suggested from 1nsnectlon
of table 14 supports previous findings of the absence of sex
~-differences in ch;ldfen in the identification-Of such material
on DL (Kmox & Kimura, 1970; Piazza, 1977) and justified com~
bining of data for males and females in each age-IQ group for-
further analiysis. L

The resulting 3-way analysis of vaﬁlance:of the number
of environmental sounds 1deﬂt1f1ed (table 15) 1ndlcatea that
age and 1Q range nested in the age factor were highly signi-
-ficant. These significant gain effects dempnstrgted that
overall ear periormance increased as a direct function of

age and 1IQ range (e.g., inspection of figure 8 of chapter IIT
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reveals that the older each group at a particular IQ range
and the higher the-IQ range at a particular age, the laiger
thé number of environmental sounds identified). The same
trend held specifically for identification of material pre-
sented either at the right or the jeft ear (figure 9).. Knox &
leura (197C) similarlyhave reported an 1ncrea51ng identifi-
catlon of non-verbal sounds on DL with age in 5 - 8 yr. olds
(environmestal sounds in one sample, animal sounds in a
second sample). HoWever, no other effects even approache@
significance. (i.e., F-ratios less than'ﬁnity).

The absence of a smgn1;1cant ear advantage dl’fevs

¥ J

from the LEA for the identification of env1ronmenual sounas

"~ found in 5-8 yr. olds (Enox & Eimura, 1970 - 2 studies),

Al
5-5 yr. olds (Piazza, 1977) and in adults (Currv, 1967, 1968)
T fortunate v - .
Unfortunztely, although an unpublished gxuay has“been cited
(by Erashen, 1975a) that elicited =-FBA on DL for environ-
rmental sound identificatiorn ir males and nc ear differences
for females under certain conditions, no aadltlonal detalls

were provided otker than that the study was by Erashen and

Spitz.

- The number of subjects exhlblulng LEA and REL for
enV1*onmental souna identification across all samples was
also similar (1;e., 35 subjects showed a LEA, 335, z REA;

22 subjects failed to manifes? any ear domlnrance, see table
16), and only slight differeﬁces,were present within or among
age or 1§ range groupings and age—IQ groups. The fact that
22 of the 90_subjects failed to exhibit an ear dominance |

. -

>
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contrasts with the much lower ‘number among the same subaects

' (seven) who falled to exhibit ear dominance for the 1dent1f1—

cation of digits. The difference in numbers of subjects
'féiliﬁg to exhibit an ear dominance on-the.;wo types of
material inlturn appears‘t0_be a reflection of tHe finding
of a sigﬁificant'ear'effect'for the number of wverbal, dut

not non—verbal, items 1£!ht1f1ed. Thus, null hypotheses

11-14, outlined at the. concluszon of~ chapue* E, were all

haliY

supported. '

Aithough the present finding éf no Significant ear
asymmetries in identificétion.of enviroﬁmental sounds is in
conflict with resuits from‘the Qﬁly other sfudy with child-
1'*er:L emnlovlng envxronmental sounds on DL conducted DI’OI to
the aata—gatherlng for the Dresent study (Enox & Kinmura,

1970; Pla“ua, 197? aDDea_ed subsequently) detziled consmder—b
ation of the data of Knox and Kimura (19?0) w111 resolve some

f the discrepancies between the results’ of the latter and

the present studies; Thé‘first sample (exnerlment 1) stualed

by Knox and Klmura (1970) was composed of 10 boys and 10 gxrls
at each of the 5, 6 7 ana 8" yr. age levels. Senarate t-tests -
ateach age level ;ndlcaued ro sighificant ear differences in
four;of the.eightggfdﬁps,'fﬁough‘éadh age—-sex group did ex-
nibit a higher left ear score). In experiment II (I5 boys

and 15 girls each at the 5, 6, 7 and 8 yr. level) separate

t-tests were not reppgdted.  But one would surmise that ear
differences in %tHe second sample were not as pronounced 2as
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in éxnérimént I, since the  overall ear effect in the first
samnle was significant at the -001 level (mean left ear score
of 5.0‘vs. 3.5 for the right ear), while the overall ear
effect in the second sémple was significant at the .05 level
(mean left ear score of 5.4 vs. 2.9 for the right ear and
only seven of the eight age-sex groups obtained a EEA, com—
pared to all eight groups in the firét experiment). Thus it
aDDears highly probable that if t-~tests had been reported,
at least four of the eight age-sex groups would again hkave
failed to exhibit & significant difference in ear performance.
Edox and Kimurs (1070) also failed to obtain a signi-
ficant overall IEA in experiment II .for the identification

0f animal sounds on DL. The animal sounds test was not

-administered to their first sample of 5-8 yz. olds.

o

fhence the marginal and non-robust nauure ¢l the over-
all LEL reported by Enox and K*mu*a (1870) is suggestea by
the failure of several age-se\ groups to ethblt a SﬂgniLiqant

REA and the failure of another {ype of non-verbal -sound, )

animal sounas, to elicit an overzll significant LEA.

One might speculate that the failure éf the préSeﬁﬁ
research to obtaiﬁ a significant (or éven a non-sigﬁificant)
LEA in identification of environmental sounds may be due in-
part to the verbal method of repor "t emnloyeq in the current
Iesearch. There is geneha_ agreemenu that speech output is
controlled by the left hemisphere (Dimond, 1972), and one
mlght argue that the verbal method Of report may have cancelled

out any advantage that the rlgh* hemisphere may have otherwise

-
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éxhibited in the analysis, of the environmental sounds. How:
ever, Enox and Kimura (1970) have observed that on verbal

DL tasks (digits, words), the REA is present whether a
verbal or non-verbal method of report is employed. In
additicn, the overall ILEA for identification of non-verbal
environmental sounds noted by Enox and Kimura {1970) was
obtained with a verbal method of responding.l6l "These two
findings indicate that the ear difference scores resulted

from asymmetrieé in the reception of the stimuli (input)

rather than from the expressicn of what was perceived (output)”
(Enox & Eimura, 1970, 0.235).

The lack of influence of a verbal method of respon-
ding on Di of non~verbal material is alsc suggested by'a
comparison of the results of Eing and Kimura (1972) and
Carmon and Nachshon (19732) on DL in adults for the recognition
of non-verbal human (e.g., emotional) sounds. Carmorn angd
Nachshon (1973a) employed a completely non-verbal methed of
responding, yet did not obtain a larger IEA than reported
by King and Kimura (1972). The latter study required sub-
jects to verbalize the correct answer from =z multiple choice
presentation. Both studies reﬁorted a slight but significant
IEA.

Another possible contributor to the failure to ob-
Tain significant results in the present study is the type
of familiarization procedure employed. In his adult sample
_Curry (1967) sfated that a2 familiarization period was pro-

vided prior tocgichotic‘testing for environmental sounds.
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Though the nature of the familiarization procedure was not
described, it is possible that all sounds were‘presented

to subjects only once or twice. Enox and Kimura did not con-
duct any familiarization period; instead, pretesting with
children (presumably children not included in their xperi-
nental samples) was conducted o determine the diffidulty

of recognitioﬁ of the sounds wﬁen presented dichotically.
‘Because young children and children of very low mental age
were included in the current research, each subject was pre-
sented with each sound monaurally three consecutive times

and provided with the appropriate verbal label for the sound
on each presentation. It has been noted earlier that the
differeqces observed in DL studies for non-verbal material'
are some;hat varlizble and non-robust, often vacillating
between a particular ear advantage that failed to reach

some level of statistical significance and sa ear advantage -
that'did attain the necessary degree of significance (e.g.,
Enox & Kimura, 1970). Thus, perhaps the degree of familiariz-
ation with each sound precluded the appearance‘of differences
that may have been present if the familiarization period had

been less extensive.l62

-

However, the following observations do not support
the explanatiqn that the familiarization periocd obscured
the appearance of.ear asymmetries for environmental sound
identification on the present DL task. First, according to
this ”familiarization”'explanation, one would expect some

tendency of material presented to the left ear to be more
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readily recognized, even if the ear effect failed to attain
significance. 3But in fact, any ear identification asymmetries
werd in the direction of REA fi.e., overall right ear score
across all groubs was 625 compared to a left ear score of
609). Second, extensive monaural familiarization with the
material before the DL phase would presumably have a reducéd
effect on depressing ear asymmebtries during DL when éubjects
wefe performing at relatively lower levels, i.e., at levels
far removed from the ceiling (mavimum possible) performance
level. However, there appeared to be no tendency for non-
verbal material presented to The left ear to be identif*ed

Yo any greater exten hen nerformance was at such relutlvely
lower levels (i.e., im the younger and lower 1Q range groups,

see summery table ABC of Table 15)- -

The present researcher interprets the lack of signi-
ficant results in the present research w1th the measure de-
signed %o tap right hemlsphere processing in children as za
reflection of the somewhat inconsistent and non—robusf nature
of results obtained when the ﬁunctionél épecializétion'of
the right hemisphere 1is inferred from studies of both clini-
cal and normal sémples. For example, in normal samples it
was noted earlier that Curry (1967, 1968) has reported a
LEA for +the identification of environmentazl sounds in normal
adult populations, but also that Krashen (1973a) has citéd a
study that elicited a REA in males and no differences in

females under certain conditions. Other studies employing

DL for the identification of non-verbal materials have ylelded
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a more consistent LEA (e;g., music - Higenbottam, 1973,
Kimyra, 1964, 1967, King & Klmura, 1972 Schulhoff & Good-
glass, 1969, SDellacy, 1970, Snreen, SpellaCy & REld 1970
emotﬂonal and/or non~-verbal expression of human voices -

Carmon ‘& Nachshon, 1973a, Haggard & Parklnson, 1971, Klng E

& nlmura 1972; pitch 1"ecogn:l.t:Lcm - blumsteln & Cooner,

1974, Curry, 1968, Darwin, 1971 H. Cordon 1970, Snreeq

et. al., 1970C: but negative resulﬁs in oze study of,temboral
and pitch-recognition and music at a recogn*ulon “interval of

12 sec. - Spellacy, 1970; and shift %o REA with abrupt

changes in frequency or duration of non—vérbal tones - Halneriﬁ.
et. al., 1975); However, othe* exbevlmental neasures utilized
to assess rlght hemlsnhe*e functioning have ylelqeq more
variasble results (e g., VF identification asynmetries, see

lwtera*ure reV1ew) and the case ¢or right. hem*snnere functional

_snec1allqat10n stlll encounters strong skeDu1c15m (e.g. ,‘see .

Bogen, 1969b Small 1973).

As was the case for digits, informal comparisons
of "the relation%hip betwéen consistency of hand usage and
ear dominance for environmental sounds identified did not
suggest .any trends.

In the .groups with IQ below.61 the possibility has
been discussed that the children with Down's Syndrome nmay
Dossess a different pattérn 0f hemisphere Specialization
for speech from the children without Down's Syndrome (bn the
basis of performance of the 8 and-ll Jr. olds on the identifi-

cation of digits on DL). It also'appeared from inspection of
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table 18 that ear asymmetries for identification of environ-

mental sounds might differ for these subgroups: no ear

dominance seemed to be present in the children with Down's

Syndrome (if anything, perhaps a very slight LEA), while the
children without Down's Syndrome seemed to be exhibiting at

least a tendency toward a REA.

C. Implications For Further Research

in overall significant RELA and eight of nine age-
IQ groups revealing a REA (either based on number of digits

identified or number of subjects showing REA, regardless of

degree) were noted for number of diglt identified cverall .

and on the l-pair sets, with two of the age-IQ groups exhib-
- b 3=

ting a 51gﬂ1?1c t REA and a third group appreoaching 2 signi-

;1caru REA for number of aﬁglus laeﬁ‘lflea overall; 66@ of

subgects who exhibited ear dominance exhibited a REA (55 of

8%), seven subjects failing to show any ear dominance. These -

fication contrasted with the lack of

[

findings for digit ident

a significant overall e effect for identificaticn o? en-

vironmental sounds in the same subjects, absence of any trend

toward ear differences in particular age-1Q groups and number

of subjects showing a particular ear advantage, with 227 sub-

jects showing no ear advantage af all for environmental sound

identification. These contrasting results with material de-
signed to tap left and right hemisphere functioning seem to
be a reflection of the general status, of cerebral dominance

research in normal and clinical samplgs: - such research has

4
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more consistently implicated the left hemisphere as dom-

' e
inant for language reception and processing, in compariéon
to pre-eminence of the right hemisphere for nonelanguaée re-
ception and processing (Bogen, l969b; Bryden, 1976; Geffen,
Bradshaw & Nettleton, 1973; Milner, 1971: Small, 1973; White,
1972). |

'The'possible presence and course of development of
heﬁisphere dominance for speech and'lenéuage requires large
scele investigation in ckildren and adults at various levels

- offsuba'erage intelligeﬁce to.establish:I)inpopulations_with—
out'evidence.of_brain.damage without Down's Syndrome - the
range of subaverage inteilectuai_functioning‘associated with
the presence of hemisphere specialization for language, its
age of Onset, demelopment, extent of specia;ization and
eventual status in une aquTt, compared te populations of
average 1ntell*gence, 2) in Down's Syndrome nonulatlons -
whether such irndividuals are characuerlaea bJ right hemﬂs—
phere specialization for language or ‘specialization of any
kind, its age of onsét, developmeﬁtg~extent of specialization
and eventﬁal status in the adul% , compared toepopulationsof
average inteliligence and DODula ions matched for IQ and age,
but without Down's Sy;drome (e.g., since 8 and 1l yr. olds

with Down's Syndrome exhibited a LEA on digit.~ identification

wst

and 8 and 11 yr. olds with IQ{61 without Down's synd:pme'ex—
hibited a RE4LA, a larger,perhaps sigrnificant, REL may havelappeared

in this age-IQ range group on digit material if the entire group

éad been compcsed of children w:.thouu Down's Synd.rome, es-
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De01ally if large samples were studied; 91m11arly, a larger,.

DOSSlbly even 31gn1f1cant LEA may ‘have appeared at some DOlnt

.'if‘all children with IQ¢{BL had beeh children with Down's

Syrdrome)
- If a LhA for identification of verbal mater ials is
found in larger samples of Down S Svndrome nonulatmo 1S , such

a finding would provide the flrst demonstratlon of a popu-

- lation that 1s cha_acterlhea-D*eaomlpartIV'by *lgh“ hemis-

163
phere sne01a11uatlon for language.™

The complexity of hemisnhere'functihning éndzthe,pivgtal.
role of technigques utilized to reflect such IunCulonl g nay.
be being highlighted by the seemingly discrepant, but p0551bly
actually complimentary;f dlngs on the two means of ;e;lecting_
ear asymmetries in *he present research (e g-, concerning on-
set, develonmeﬂt and "extent of ear asymmetrWes in T"elauloﬂ_uo
intellectual level and DOWﬂ h Synarqme ¥S. non- Down S Syra_ome_,
children w;th IQ<61l). Hence aetazWea evaluatﬂon of the two
scoring methods is suggested:A a logical next step would be
the conduct 65 a.iarge scale validity study employing an
accurate clinical measure of cérebral-dominancé (e.g., sodium

amytal or ECT, along the lines of Kimura, 1961b, but utilizing

number of subjects showing REL as well as the total scores

anélyzéd'by Kimura, 1961) to determine the degree of correlation

“between extent of ear-advantage on DL for digit identification
and contralateral hemisphere disruption on the clinical meas-

“ure. Inclusion of verbal material other than digits in such a

study could-also address the ,issue of the relative sensitivity

e VB o e e e o e

Bl
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of digits‘vs. other verbal materials to the presence and

“extent of specialization for language (see pp. 66-68 of liter-

s

ature review).' Employment of_both'scoring methods on DL
studies with large samples of adults and children would also
provide valuable normative data.

Thus, it would also 'be useful if the present'study

~ was replicated utilizing both digits and other verbal

material§ on much larger Saméles, with separation of the
two.tfpes of children makiﬁg up the. I below 81 groups. {i.e.,
large samples of Down's Syndrome children matched for age

and IQ with children'withbut Down's Syndrome), an& with tThe
inclﬁsion of older children and possibly adults as well (see 
below) to éstabiish if and when a éignificanthREA'for'digiﬁ
identification or identification of other“verbal mafe_iﬂi
éventuélly aépears in groups of'subaverage IQ (as opposed
to number of subjects showing REAL), and to further cémpé:e.
the extent of the REA adfantage with the ﬁumber of subjecﬁg'
exhibiting REA, regardless of degree. |

Inclusion of both methods of reflecting ear asym-

- metries on identification of verbzl maiterial on DL in future

stuqﬁs should alsd aid in determining the extent to which

such differing methods have contributed to:the diéérepant

results that have been obtained in regard to-age of onéet‘

and general development of ear asymmetries on‘DL.l_64
Sincé'reviewlof-otﬁer.sﬁgaies and analysis of per-

formance of grbups'on'the'i-, 2- and 3-palr digit sets sug-

gested only ninimal iﬁfluenbe pf é ceiling effect-inthe Current

[
-
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and earller DL research in chlldren, it is not 1mberat1ve ' ' B
to include tasks of sufficient Colee\ltV to 1nsure that
anf celling effect does. not obscure trends that may be
cbserved. However, a varieby of complexit& of tasks iﬁ
the same study might pefmit direct comparison in the same

study of the performance of subjects varying even more widely

functloq1 1S level than those employed in the present study

-

-

(e.g., normal and mentally retarded adults and chllarcﬁ)
Sats et. al. (1975) employed 4-palr sets of diglts

in an attempt to eliminate any wn_lueqc@ of the ce*ling |
ffect. Bﬁt, as noted by Sats et. al. (10 S) themselves,
employment of only 4—pair sets of digits may create a "lloorf
offect: the btask would be extremely difficult for very voun

children, resulting in too few, rathe:'t anlfbo nany .. correc%

"';espdﬁses to materizl Dresented to both ears. Such-a l Ti-

vgly iore taxing task may ‘thus obscure the onseu'a‘d develop-

-‘“meﬁt 0f ear asjmmetries at the younger chronological aﬁd men-

age levels. Satz et. al. (1873) failed to offer any

a; ernaulve to the employment of 2 strict 4—pair set present;‘f . T

ation. However, &s one alternative, the D“eseﬂ* resééréher

suggests the employment of l-pair, 2-pair, 3-pair and 4—pair

‘sets of digits and/or other verbal matérial.in subjecfs

varying widely in functional level. Comparisons could then

‘be made among al-_ereﬂu age groups and grouos at various

=
functional levels on the task in its entirety, as well as

selective comparisons of the pé@formance of groups on

. . . \ . .
portions of the task that ¢ Felatively more or less com-



el

3

DISCUSSION | a5

'plex (e.g., comparisons of berformance on 4-pair sets sepa-

rately, l-pair sets separately, etc.).

Research that has employed DI and VF recognition
asymmetries for verbal materials within the same adul:
samples (srvden 1965, 1973; Higenbottan, 1975: Zurir &
Sryden, 1969) has suggesbed that each exXperimenital technique
may be measuﬂidg different aspects of left hemisphere dom-
inance (perbaps tempora al-parietal vs.Joccipital dominance).
In this Tegard, speculation has also been for arded that
different 28pects of speech ang language hay become later-
alized at different = ages {3rrden & allard, 1993, in press);
also fhat hemisphere Specialization for SPeech perception
zay develop throughout life (Browz & Jaffe,.l975) and that -
sﬁeh sprecizlization should be viewed 88 varying in extent
11 different individuals (Shankweiler & Studders - Kennedr,
1975). One speeific_hypofhesis forwaried is that receptive

Speech specialization A&y mature at z later 2ge than expressive

As‘spggested in the literature review, a Darficular

experimental measure may even be tapping different aspects

of left hewisnhere qom_naice, depending upon the specific

nature and comnlex;"y of the stimulus material utilized

1"h that experimental: neasure (e.g., rather than digits ve.
otker verbal materia_'differiﬁg- in Sensitivity +to the pre-
sence of left hemisphere language specialization, the twe
types‘of verbal material may be re?lectﬂng slightly different
aspects of left hemisphere larguage dominance; the Speculation

of Porter and Berlin, 1975, also hés been referred to earlier
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that DL tasks of a1¢ferlng dlfflculty may be tapping abllltles
that mature andfbe smeclallved at dlfferent ages) .

As thekn*esent author suggested in the literature
review, the fact that ea_ asymmetries have cantinued %o develop
in older children on the ML technique of oraered T‘ecall of
digits (3akker, 1969, 1970; Bakker et. al., 1979), in con-
trast to the bendency of the'REA.torstabi&ise;is childreﬁ]
as'young as b vi when DL of verbal mat eriais.is‘emnloved
(e.g., Kimura, 106:33mong many others), msy ulso be explained
by the hypothesis that the two listening,techn;qués may Be,
measurlng alfferent aspects of le hemlsnhere dominance {e. g..
Tansuage vs. the temporal “snects of language) whlch nay have
their onset at different stages of qevelopment.

 Thus, émploymentfof‘several.ﬁypés of DL matesiai . ' -
(digits, syllabies, words)xof-varyipgacgmplsxity (e.g., 1-,
2-, 3-, 4-pair sets of digifts, svllabies sr,words) analysis

of both 1Lmber of subaecus exhibi ng REA and amounts of

!51

ial 1 ntified at each'ear,and vsriatlo;.ln‘repoptlngj
and listening demands'(e.._g.', ,MI:‘.VSZ, drdefed _re.cal_i' on IL vs.
standard free recallsprocedufe‘dn‘DL);éiﬁ sombinatioﬁ with ‘
other exnerlmental measures in the same samples of children

of normal and suoaverags‘lnuelllgence (e.g., vy asymmetries

in identification snd'reaction time) would help irv pinﬁoinﬁiﬁgf

the critical varisbles. Use of such multiple measures and

" concomitant more powerful research designs (e.g., multi-

variate 2dnalysis) should provide more enlightenment than

continued reliance on only one index of cerebral dominance
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or one method of reflectxng cerebral domlnégée on a particuZar
index. Such sophlstlcated research may ev\n eventually lead
to findlngs of ‘clinical 51gn1flcance,wlnstead ¢f the results

to date that have essentlally been of na. more than statistical

-51gn1f1cance (e.g., see Saftz & F“lel 1979, 1874, 199755 Sat:z

et. al., 1974). ~ S - -

4 conspicuous omission in the cerebral ddﬁinancé
research reviewed in chapter I utilizing DL and other
experimental measures is the conducf of longitudinal, as
opposed to_c?oss-sectional, studies. All developmental
studies of cérébral dominance reviewed' in the—current dissert-
ation have been'crésémsectional in. design. ZLozngitudina _l re-
search of any kind concerning how cerebral dominance develops
is clearly fequiredg inclusion in such longitudinal research

of some of the variables suggested To this point in the dis-

cussion would be especially valugble.

-;ﬁ contrast to the situation revealed on the verbal
measure, the non-verbal measure of fhe present study revealed
no ear asymmetries at any level, either overall, in any
particular age-I1Q group or when the three. groups of average
IQ were compared with the groups of subaverage 1Q, the only
suggestion of ear asymmetries beingia possible REA in the
children with IQ below 61 without Down's Syndrome. The Down
Syndrome children appeared to perform differently from their
IQ counternarus without Down's S*ndrome, but like the other
eight agea*Q range groups in failing teo exhibit any ‘particular

gar asymmetries on environmental sounds identification.

- R L
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leen the lack of any. tendency toward a LEA for

1dent1f1ca ion of enwlroumentaW'sounds overall or in any

‘of the age—IQ range groups studled ~and given the varlable
'ana non—robusu nature cI 7~esults w1uh thls measure : soe01f1—
‘cally in adults (Curry, 1967, 1968 vs. suudy referred to by
'hrashen, 1973a) and chllaren (Knox & Kimura, 1970) and ;n

regard Yo right hemisphere functional specialization gener-
ally (Bogen, 1969b; Bryden, _976 Geffen Bradshaw &
Nettleton, 1973; Milner, 1971; Small, 1973: White, 1972), iy
speculation zbout the development or lack of development of

right hemisphere specialization irn the samples with IQ less

than 61 included in the present study would be especially

tenudous. However, in a study of specialization for speech

and language with large samples of Down's Syndrome children

and adults, concurrent investigation ef what seems to be .
primarily 2 right hemisphere function in the normal adult,

such as music (Dee, 1971; Higenbottam, 1973; Kimura, 1964,

1967; King & Kimura, 1972; Schulhoff & Goodglass, 1969; o
Spellacy, 1970), may prove to be worthwhile particuldrly

with Down s Syndrome in regard to.musical ablllules (Benda hS
1969). In research utilizingthe multiple measures of lefs
hemisphere functioning and concomitant more poweriul re- :
search desigﬁssuggested above, cancurrent investigation might
also be conducted in the same subjects of .functions that ma;ﬁ:;?
be mediated Drlmarlly by the ”1ght hemisphere in the normal

L4 - - ..

adUlt - i s ’ ) . - .
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| The type of validity study suggested earlier of DL
and scoring éethods utilized or the DL data in clinical
saﬁples administered sodium amytal or ECT might also pre;
sent non-verbal tasks in some subjects immediately after
sodium amytal or ECT administratign to each hemisphére.to
confirm the less stable.nature of any hemisphere specializ-
ation for non-verbal information processing and to suggest
non-verbal material that might be at least relatively
sensitive to any specialization that is discovered.

Neuropsychological measures that have been.discussed
above .may zalso be profitably-combiﬁed with neurophysiological
measures in éhe investigation of cerebral dominance in adults
in its deveiopmeﬁt iﬁfchildhood. As one example, several
Derdenfual dominance measures might be combined with several
neuronhy51ologﬂcal indicators of differential lateralized
activation. It.woula seen particularly worthwhile to deuer—
mine how the reticular activating system contributes to the
differential  activation of the hemispheres for the reception
and the processing of language vs. non-language input and
whether the ”phaéic“ porﬁion of the reticular system [e.g.,

o
the:non—specific thalamic_region and limbic system which are
especially important in the "phasic" portion of the System

(Laria, l979i] may also be lateralized in terms of its

" activating and "dampening” influence, depending upon the

type of information requiring attention.l66

In regard to the role of the thalamus, Vilkki and

Laitinen (1974) have noted that left ventrolateral thalamotomy

(but: not right ventrolateral thalamotomy) was assoclated with
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receptive and expressive verbal detericration, while errors
in matching faces incressed only after right thaiamotomy.

Although 1t is possible that other factors
besides the thalamic lesion may have contributed .
to the alterations after thalamotomy, we are
inclined to conclude frem the present results
that there is a"functional difference between
the 2 thalami, which is related to the hemispheric
dominance on the cortical level. The left thalamus
is more important than the right for the control
of attentign directed to verbal information and
the continuous selection of relevant verbal res-
ponses while the right thalamus rather than the
left controls the attention needed for the per-
ception of faces. FPossibly the right thalamus
is also more important in other perceptual per-
formances, 1in which rapid discrimination and
identification of similar complex patterns with-
out the aid of verbal cues is required (Vilkki
& Laitinen, 1974, p.18)..07

t would also be of interest to investigate neuro-

psychological measures of cerebral dominance in combination

=

with neurophysioclogical measures that have suggested deficits

in attention in the mentally retarded (e.g., measures lead-
ing to the prestimulur arousal or attentional lag theory of
Baumeister & Kellar, 1968 or the weak trace in short-term-
memory postulated by Ellis,‘l965 to be caused by a low
cortical arousal), especially if such neurophysiological
measures can be tailored to reflect lateralized arousal.

" The tendency of research to study the processing of
material normally mediated by the left hemisphere, rather
than the processing of'information possibly mediated by
the right hemisphere, has been noted in the literature re-
view. The majoiity of research ﬁertaining to'right hemis-

phere functional speclalization has only appeared in recent:

years; hopefully investigation of such relatively unknown
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hemisphere functional territory will continue, and will extend
itself to detailed investigation of how such territory develops
whatever specialization.is found to be present in the adult
brain. Such reseérch will also hopefully incofborate, when-
ever applicable, improvements in experimental design and pro -
cedure, methods, of measurement, etc., outlined in the current
dissertation largely derived from study of information pro-

cessing normally mediated by the left hemisphere.
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SUMMARY AND CONCILUSIONS

Clinical and experimental research has suggested
that left hemisphere langusage specialization, an established
fact in the adult, may occur in early childhood, though the
exact age of onset of such specialization and the pattern of
its developmént are unseﬁtled guestions. The functional
specialization of the right hemisphere, though not stuaied
nearly as exﬁensively as that of the left hemisphere, seems
to involve certain types of non-language information proc-
essing. However, this latter hypothesis is ﬁot accepted by
many. JIf the pattern of development of left hemisphere
language specialization remains unclear, even less is known

in regard to the development of any right hemisphere functional

specialization thaf may be present in the adult. Hemisphere.

specialization research, and especially developmental research,
in the intellectually subaverage, has been scarcest of all

and to date has been completely inadequate. Hence, the pre-
sent research investigated the presence and development of
hemisphere specialization for the identification of verbal

ahd non-verbal materizl on DL in children at two levels of
subéverage intelligence without medical evidence of brain
damage; children of average intelligence were zlso included
for comparison purposes and because the age of omnset and

exact course of development of hemisphere specialization

in the average child are still no+% definitively established.

4 relative ear advantage in identifying material
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~dichotically presented (presentation of Same general category

_of material simultaneously to each ear) is widely accepted as

an indicator of specialized funétioning of the hemisphere
contralateral to that ear for thé processing of that general

category of information. Pre-recorded l-pair, 2-pair and 3-

pair sets of digits and. common envirommental sounds were em-

Dloyed as a means of Cllcﬁol ng hemisphere dominance for lang-

uage.- and non-language input, EESDeCulVelV in nine: grouns of

chllqren, 10-children at each of three age levels. (5, 8, ll

yr ) and oné of three 1@ ranges (Slosson IQ>9O selecteq from
regular classes. 65-8C IQ selected from special clﬂsses for

slow*learners and IQ<61 selected.fr om schools,;or.uhefmentally

re u&I‘O..EO)

(In the nine. age - , 1Q range grouns, an overall REA
was reported fcr number of aﬁgﬂts 1aenu1f1ea on l—nalr sets
and on all sets comblnea, but no 51gn1¢1cant ear a1¢*erence
was noted for. number of eﬂv1ro_mental sounds identified..

' These results were d_scussed in llghu of the ‘consis-—
tency.pf fhe REL on.DL for identification-of verbal materials
and generally suppo:five findings in“regard to left hemisphere
language spéciali;ation, in contrast to the more generally
less consisfeht reports of the LEA on-DL with non-language

mauerlal as well as ovher experimental and cllnlcal 1nvest1—

gauwon of specialized 1'~3.gh" hemlsnhere ?unctlonlng yleldlng

N
more amblguous resulits.

Further analysis suggested the immpixtance of age and

IQ range in contributing to the REA for number of digits
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identified (e.g., 5 and 8 yr. olds with IQ90 and the 5 yr.
0lds with IQ 65-80 were the primary sources of the significént

F—rafio for ears)i Any changes in ear asjmmétries with age

‘were in the direction of a2 reduced REA. At the age of 5 yr.,

the 65-80 'IQ range group exhibited a less exteﬁsive ear

asymnetry (.125 significance level) than the IQX30 group

(.05 significance level), but a more extensive asyﬁmetry tha;
the IQC6l group. The alsc*enancy between av verage and sub-

average iQ groups was greatest at § yr. Though the REA for

- number of digits identified did not increase beyond the age
‘of 5 yr., at 8 yr. number of subaects showing a RE4A, regard-
less of qegree had lﬁc¢easea in eﬂch IQ range, relative. to.

‘the number of SubJeCuS showlng REA at age 5 yr.

Lhese results wzth nuaber of digits identif 1ea as the

'.debendenu varlaole supported earlier DL research with verbal

materlal sugges»1ng the DPresence of left hemlsphere speech

sne01allzatlon in dhllaren of ‘average intelligence. Absence

of 51gn1f1cant ear asymmeurles in all six groups of sub-
average IQ suggesued such children may possess mlﬂlmal or

completely absent, hemisvhere specialization for the type

- of left hemisphere speech specialization tapped by DL of

digifs.; An alternate hypothesis is that some or all af the

. groups of subaverage 1Q possess more than a negllglole degree

of:left hemlsphere specialization, but the employment of num-

‘ber of digits identified at cach ear as the main dependent

variable did not provide 2 test sufficiently sensitive to

:détect-the Presence of such specialization. This possibility
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was supported by the fact that a majority of subjects in five
of the six gioups of subaverage 1Q exhibited the REA (when
simple présence, regardless of degree, was utilized to classify
a sﬁbject as exhibiting a REA); also, in tiese five groups, 70%
was the lowest proportion exhibiting a REA of those exhibiting

ear advantage (an identical 70% figure occurred in all children

- without Down's Syndrome wifh IQ<61; 75% of childrern with Down's

Syndrome at age 8 and 11 yr. showed a LEA), the 70%figure
being slightly higher than occurring in 2ll 90 children or
in all children with IQ above 90. The situation suggested
from utilizing number of subjects showing REA, regardless of
degree, &s the dependent variable for ear asymmetries on
digit identification is thus that 1) some degree'of REA and
any related left hemisphere specializa;ion may be present

in the 5 and 8 yr. olds with IQ 65-80 and the & and 11 yr.

olds without Down Syndrome with IQ below 61; 2) some greater

" involvement of the right hemisphere for speech may be associated

with the LEA observed in Down's Syndrome children; 3) the
REA may be developing beyond the age of 5 yr, perhaps even
beyond the age of 8 yr. |

The different trends yielded by employment of each
dependent variable to reflect ear asymmetries implicates the
importanée of séoring methods and also may be highlighting the
necessity of introducing more sensitive, powerful reseaﬁcb
techniques and designs to detect the.preéence,extent and

variable rature of cerebral dominance, depending-upon the
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type of tasks and processes begég tapped.

Factors that may have ob%cured at an older age an
increase, or at least a nainten ‘ce, of the REA observed at
younger ages for digit identification, or the overall appear-
ance of eér asymmetries for envirgnmental sound identification,

. ; T

were also discussed. /

O
] -
Ofher implications of the present findings for
~

A
‘further research were also outlined.

-~
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APPENDIX A

Data from Child Sample of Pilot Study (N=24).

\ Age - IQ ' Digits Environg Sounds
Range -  'Range N L. ear R. ear L. ear R. ear
>90 6 88 105 43 35
4-5 yr. 65-8C - - L= = -
&0 - _ _ - _
3 - >9%0 4 104 . 113 42 38
-8 yr. £5-80 2 41 52 20 17
<60 2* 28 51 3 3 .
>90 & 134 140 - - 47 45
10-11 yz. = 65-8C s 58 @ 150 58 29
v <e0 2% 18 51 16 20

Data on the digit tape for this category unreliable

_singgtine,of the subjects switched the earphones during
e

dic

¢ testing arnd this fact was not discovered until

the conclusion of testing.

** Headphones were not reversed for ome-half cf these
subjects: data for this category is thus also unreliable.

Data from Adult Safble of Pilot Study

Digits Identified

L R
51 57
20 33
30 22
17 54
16 36
21 53
16 34

¢ »

i
L3
-4 N
X
- ?

(¥=7, age range - 22 to 30 yr.)

Summary-of 1-Way Analysis of
Variance (repeated measures, Winer, 1971)

=~ . ’
Source of Variation S8 df MS F
Between people 121.00 6
Within people  _ 755.00°. 27
ears L 457.18 1 457.140 9.21%
res. . 297.86s 5 A49.e45-

-

T (1,6) = 5.99 (1-tdiled)

Al

0
/
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c UNIVERSITE DOTTAWA [E-8 UNIVERSITYOF OTTAWA

OTTAWA, ONTARIO
K1N 8NS5 Gansda

FACULTE DE PSYCHODZGIE . ) FACULTY OF PSYCHOLOGY
14
DEPARTEMENT DE PSYCRQLOBIE GENERALE ET , DEPARTMENT OF GENERALEXPERIMENTAL
EXPERIMENTALE : PSYCHOLOGY
APPENDIX B

Sample Letter And Consent Form Sent to Parents

DATE

Dear

I am a graduate student in the Faculty of Psychology

of the Unlver51ty of-Ottawa, who as part of his Ph.D. thesis
. 1s conducting a2 study at School. The study

has been approved by ,the Research Committee of the Ottawa

Board of Education (Jr the Research Committee of the

Carleton Board of Education or the superintendent, Mr. Moore,

in the case of the Ottawa R.C. Separate School Board), and

your school prinecipal, « I am asking your ’

(: permission for your Chlld to participate in this study. .

-9

The study involves relating general ability of
children to their ability to identify numbers and other
material presented simultaneously to both ears. If you
grant your approval, I will administer a brief test (ec.
10-15 min.) to your c¢hild on one day and on 2 different
day, I will administer the ear recognition test (¢. 38 min.).

If you are interested, I can provide you with a

summary of the results of the study when it is completed.
- Because of the requirement of my study that children have

normal hearing, I would appreciate that you inform me if
your child has any hearlng disorders (i.e., in either or
in both ears). . S

<

I an enclosxng\germ1351on forms for you to sign.
The signature of elther\of the parents will suffice.

‘Thank you for your cooperation.

Yours sincerely,

(j~ ) -, o _ | ’j Allan Anderson

R . o b o
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APPENDIX B

Sample Letter and Consent Form Sent to Parents (cont*'d).

» .

I grant my permission .for my child

to participate

in the study being conducted at -~

School by
ARlan Anderson.

265
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APPENDIX C

Mean Chronolo§ical Age, Mean Mental Age and Mean IQ

(Slosson test

(N=10 in each group).

for Each of the 9 Age -~ IQ range groups

266.

Age IQ Range lMean CA Mean M Mean IQ*

>90
5 yr. 65~80
. <6l

90
S yr. 65-80
<61

>90
11 yr. 65-80
<l

" 5.54
5.40

.24

\n

11.208
11.300
11.183

© 5.55

4.183
2.85

8.458
5.91
4.01

12.253
8.3517
5.133

105.6
76.5
54.6

104.2
72-2
50.10

1CS.0
75.6
45.8

* Galdulating nean IQ's from the mean MA's and CA's
summarized here may yield slightly different mean IQ's

than here reported, due to intial rounding errors in

the assigning of MA, CA and IQ on the Slosson test.
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APPENDIX D. 267

Information Presented to Teachers to Guide in Selection of

1

-

Children for the Present Study.

5

The following written information was presentedf%gkkinder-
garten teachers to help in selecting children who would
likely score in the 65 - 80 IQ Range on the SIT.

Select the 2 or 5 children in your class-
room who seem to be the slowest of the entire
group, children who seem to’ be below average
in intelligence. I am seeking children who
are generally slow (slow in all areas of your
programme), rather than children who are havin
difficulties because of a specific problem,
such as a child who is fram a home whose first
language is other than English (therefore,
child just learning.or only beginning to be-
come skillful in the use of English and who
you suspect is encountering school readiness
problems primarily because of the language |
problem), a child who may have a specific
learning disability (e.g., highly distractible,
but child appears to learn readily when he, .
does attend), or a child exhibiting behavioural/

- emotional difficulties (suck a child may be ex-
periencing readiness difficulties, but per-
formance would probably be characterized by
inconsistent performance, functioning gquite
adeguately in some areas, very poorly in.other
areas).

Thus the Type of c¢hild I am requesting that
you identify is the child you may suspect will
egvenfually be placed irn a special class for
slow leamers (i.e., an opportunity class) or
special resource room provided for such children.

The children you select should also employ
The right hand for pencil work.

Teachers of regular class ‘children were asked verbally to
select "average achievers"who used their right hand for
pencil work, teachers of special class children were asked -
©o select "true slow learners” ,who employed their right
hand for pencil work znd fSeachers at special schools were
simply asked whether the child being considered for in-
clusion in the study utilized the right hand for pencil
work (as information on file clearly indicated the IQ's

of childrern being considered were below 61, with the
primary - disability also clearly being mental retardation).
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- Instructions for Audiometric Examination and Sample Scoring

Sheet.

You are going to hear a sound through one of these
earphones. Tell me in which ear you hear a sound by point-
ing to that ear. If you do not hear ‘any sound in either ear,
don't point to either ear. Any quetions?

C.P.S.
500 2000
RL R

000
R

CCO 6000 800
RL RL

25 250 500 750 1000 0
L R

250 5
RLRLRLRL R

bt 4

-
H
i
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Specific Recording Information in Construction of Digit ~
and Envirommental Sounds DL Tape

- -

ﬁ;PECIFICATIONS: .
7

1. The recording material: Ampex Professional G31 recording
tape.

2-

k=

Quipment:
e

Ag Two Ampex AG—440 two track tape deck.
3) One Sony 850 four track .tape deck.

C) One Maclab 1224 nixing console.

D) One ARG 90% microphone.

E) One Dual 1215 turntable.

3. Recording speed: 7.5 ips.

%. All non-verbal sounds were from a prerecorded disc source
(sound effects vol. 1 to 5). :

5. All verbal sounds were recorded from the same voice.

©. All recording parameters of both verbal and non-verbal
sounds were kept equal and consistent.

PROCEIURE:

1. Tke non-verbal sounds played on the turntable wereequal-
ized in the mixing console and recorded MONO on Tape 1.

“ (see fig.10) - P

2. The verd sounds from the microphone were egualized in
the mixi console and recorded MONO on Tape 1 following
The first recording of non-verbal sounds.

l’
2- 4 copy of Tape 1 was\ made on TAPERECORDER 2. (Special
brocedures were taken T insure that -the Copy was of the
Same gquality as the original and contained no distinguish-
able characteristics EFrom the original).

“. Using special sound recording techniques, selected sounds
of Tape 1 and Tape 2 were recorded simultaneously on the
left and right ch els respectively of Tape 3.

1,
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APPENDIX F
&
- TAPE
5
AN
~ TAPE TAFE
MIX = 1 2
CONSOLE I
R
ol <
ol AY
R

Figure 10. Arrangemen
employed in construction of

verbal (environmental sounds) DL

verbal DF

7

¢ of sound recording equipment

® (digit pairs) and non-
tapes.
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APPENDIX G ' Lt\ 271

Procedure Employed in Analysis of Sounds Emanating from
the 2 Channels of the Sony Tape Recorder through the
' Pioneer Headphone Set.:

a) take a function generator model #3300A from Hewlett -
Packard ‘

b) set function generator to 10 Hz

¢} set nob of Sony tape recorder control panel (see
diagram, Appendix G) at the following:
1. treble - mid position

~2. Dbass - nmid position

5. Dbalance mid position

4. wvolume. - nin '

5. sp - lid -

&. mode -

7. Dpower amp- on

8. noise suppress - on

9. D/P selector - ‘'aux"-

10. place headphone in "headphone monitor jack"

1)l.. L-monitor - R - "L" %ape

12. echo - off

15. Sds . - off
d) place headphcne (sterec) in monitor jack
e) Dplace tape reel in its proper place and make sure that

vour heads are cleared and that there is goocd contact

with tape, then tape one complete turn
£f) place counter at "000"
g) press "L" red knob and you should hear a tone.in the

left side of your headphone, if not, check your knob
for proper position.
h) increase your amplitude on the function generator and
"L" volume kmob until you obtain 6C% on your meter VV
i) after verification start %ape until you have sufficient
tone to record sound measurement
3) ircrease frequency to other frequency and repeat
‘ procedure
k) after your recording is finished, it is preferable but
' not necessary to check all frequencies on an ogcilloscope,
but if no scope is availzble on.to your next procedure
1) ¢« rewind tape until counter reéds "O000"
m) take an Impulse precision sound level meter (Bruel and
. Ejoer model #2204) and make sure batteries are good
n) Dplace an artificial sponge called "Windscreens VS 0082"
on your meter and your headphone which will cover the
entire headphone, makihg sure you have the IEFT channel
(preferably in sound proof room)
record results on graph vaper
repeat same procedure for "R" channel

-

L
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Graphic Comparisons of the Sound Characteristics Emanating from-
the 2 Channels of the Sony Tape Recorder through the Pioneer .
Headphone Set, Data Derived from Employing Procedure as described
on Previous Page. (Figureit, analysis immediately vrior to
commencement of study; Figure 12, after the 43rd subject had been
tested; Figure 13, at the conclusion of all testing). -

Right. chamnel of
E . . . tape recorder &
o . . headphone cord
, : ~connectlion channel

-~-- Leéeft channel of : )
tape recorder &
headphone channel
opposite side ¢f
connection cord’

80 -

70 ¢

&0

50 1

40

30

20

10

4" 10 20 30.60_ gt 300300 600" 1K 2K 3K 6K 10K - 20K

C.poSo

Figure 11

o
R
—‘..
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T . Right-channel of
. - tape recorder &

headphone cord -

- connection channel

wm=== Left channel of
tape recorder &

‘headphone channel

opposite side of
80 ' _ : - connection cord

A

70 . T
60 |
50 |

Lo

}—'(del:“_‘ o'

301 .

20 ¢

10 ¢

r )

’

1 . ' : - i '
10 20 30 50 100200300600 1K 2K 3K sBx 10K 20K N
C.p.S. -

. . . . - 4 s - )
&\\ ;4j - Figure 12 /fﬂ -
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Power Ruquiremuynts!

Tape Spoeds:

Reol Size
Track Sysiem:

Frequency Response:
{NAB)

Wow and Flutter:
(NAB)

Power Cutput:

Signal-to-Noise Ratio
Harmonic Cistortion:

Rocording Level Indication:
Tone Contrek:
{nputs:

-

i,
6

SPECIFICATIONS »

E5W (100 VAL, 11 7vaits

{USA, Coanzea m‘)f‘ ) TN
85W, 100, 110, 117, 125, 220 & 240 voits
(£, AEP, UK Mod.t

{Voliage sclecior provided in the set) -
AC 60Hz (USA, Canada doda)!

AC 50 ¢r COHe {E, AEP, UK Model}
{Convertinle with power frequeney solecter
and capstan siewee)

19 cmfs. 9.5 emyfs ard 4.2 ernfe

7% ips, 3% ips and 17 i

Qutpuss:

Recording Timae:
7 inches or smatler fwith 1,800 1t tape)

4.track stereophonic or mononhonic

e e i ol

30..22,000Hz 2t
30~13,000Hzat
30~ 10,000 Kz a;
Less than 0,099 at
Less than §.12% at-
Less thon 0.16% o

19“m.’s. t,' ip;
9hemy's, 5%
-.ocm.".'..1 N igs
19emvs, 7V ips

CEem/s, 3’.- ics
f:.cm"s 170 ips

15W (niaximum) per channei

40W (dynamic pov.nr) with Both channels
Better than 50 ¢B

Lezs than 1.2% {o1 normal recording level
Less than 0.5% (in working a3 an amp'ifier)
Two VU muters

- Twio separate controls for bass ard ireble

Low i wwefonce micrashone inpuis:
=728 (0.2 mv)

High impedance auxitioey inpoor
22 ¢3 (0 06V

High impednner tun
-22 uB {006V

Phonograph inputs;

erinputs;

52 dB {2 mV)

l

avs

) y
f
S}L iconductors :

L\ Heads:

<

Dimensions: -

Weight:

A et -
: = -...-."‘; ;f— - j _‘-" .
| l“""1 ~ - "

. ,‘ ¢ t— M
R RN T N AV

p o 27%

~ N
N -~ T e
.'-\,d--J v e !

"
..f,..&

e,
L, t.u iy

USA

1) F‘{‘\ : d
NGTE!

AELP Licds!
UK Fices!

*
.

Ll h-u-f-,r\q--..n.-.
- a_h e Y
s I “ v T

o [ A

FEIN

:‘ o F
4w

Y L me M e

-

Line outputs: 0dB (0.775V), -
L.oad impedonce 100k

Speaker outputs {for external):
Leod impedance 82

Speaker outputs (for lid):
Load impedance 165

Headphone cutputs (for monitoring):
Load impedance 802

Headphone outputs (for listening):
Load impedance 802

4-track stereo
1.5 hrs at 19em/s, 7% i ios )
3hrsat 9. 5crn!s 3% ips
6 hrsat 4.8crn."s. 1% ips
4-track rmono
3hrsat  19mis, 7% ips
Ghrzat §, Scrn.’s 3% ps
12 hrsat 4.8emfs, 17 ips

Transas:or 40 pes.
Diode: 7 pes.
Record: PP 30-2902A

PP 102-2902

{Serial No. 124701 and Iater}
Playback: RP30-2902

RP102-2902

{Serial No. 124701 and later)
Eraze: EF18-2902A

454(w) xB506 {h}x 294 (d)mm
177, (w) x20 (h)x11%, {d) inches

21 kg, 46103 oz
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DIAGRAHS OF SONY TAPE RECORDER (CONT ' D)

1-2. CABINET TOP VIEW
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Anélysis of Variance Tables for the l-Way Analysis of
Variance for Digit Identification Conducted for Each of
the 9 Age-IQ Range Groups

S——— e— —

e

C k% p .05 F.95

5 yr..0lds fand
. _ T IQd%o
Source of Variation Ss af yts] - F
Between people 124.800 9 -
Within people 416.000 10 -
ears . 115.200 1 115.20C 35.447*=
res. " . 300.800 9 35.422
IQ: 65-80
Ss df M3 -F

Source of Variation
: Between people 299.200

9
Within people 159.000 10 R
ears ' 5. "I 33.800 "2.8916*

res. 105.200 - 9 11.688
- . IQ<61
Source of Variation Ss - df MS ¥
Between people 516.000 9
Within people 257.000 10
gars 000 ° .1 5.000 -
res. 252.00 S 25.777

* p..125 F.875 51,33 1.54 (l—tailedg BN
1,%) = 3.36 (1-tailed

5.12 (1-tailed)

p .025 F.975 (1,9)

\:“
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y

Anai§éis of Variance Tables for the l-way Analysis of
Variance for Digit Identification Conducted for Bach of
the 9 Age-IQ Range Groups (Cont'd)

S

8 yr. Olds
IQ>20 "
Source of Variation Ss df MS F
Between people 159.050 Y
Within people 151.500- 10
ears - 1 42.450 5.4906**
resS. 109.450 9 12.161
‘ 1Q: 65-80 )
Source of Variation Ss af M3 - F

Betweer people 249.250 9
Within hgople 522.200 10
ears 2.450 i 2.45 -

res. 320.050 g 35.561
IQKEeL
Source of .Varistion Ss . 4f MS F
Between people 496.450 9
Within people 144,500 10
ears 50 1 4.050 -
res. , 140.450 S 15.606

1.54 (1-tailed)
5.56 El-tailedg
5.1

* p .125 F.875 (1,9§
1-tailed

** p .05 F.95 (1,9
‘ » -025 F.975 (1,9

[
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Analysis of Variance Tables for the l1-Way Analysis of

Variance for Digit Identification Conducted For Each of
the 9 Age-IQ Range Groups (Cont'd)

11 ¥r. Olds
IQ>90
Source of Variation Ss daf - MS F
Between people 7« 800 <
Within people 60.000 10 -
res. 59.200 | 9 6.578
1Q: 65-80
Source of Variation Ss af M3 F ™
Between people 255.200 9
Within peopie 85.0C0 10
ears %.055 1 5.000 -
res. 78.000 G 8.667
IQ<6l )
Source of Variation - Ss af MS F
‘ Between peovnle 551.000 g
Within people 222.000 10
ears 5.200 1 3.200 -

res. . 218.800 9 24.222
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Number of Children in Each Age-IQ Groug Not Completely Em-
ploying Right Eand on the 6 Handedness Tests (3R, 4R, 3R =
onsistently employed right hand on 3, 4 and 5 of the handed-

c

ness tests, respectively)

1

>90
5 5yr- 2(1-3R, 1-4R)
8 yr. 1(1-3R)
1 yr. 2 (1-4R, 1-5)

TQ RANGE

© 65-80
2(1-4R, 1-BR)

2(1-4R, 1-5R)
2 2
2(2~3R)

{61
2(1-4R, 1-5R)

4(2-3R, 2-4R)

=2 TRy - § R :
2.( 1-533 1_5R>

/'”_)r’

L)
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: In Groups Whose IQC61l, Raw Data for Performance of Children
With (N=12) and Without Down's Syndrome (N=18) on the DL
Digit Tape and Summary Table for 3-Way Analysis of Variance

\ on Raw Data

' o Down's Other T N~
@ . .

Syndrome . ////

E
i)
\mk\; tH
_ ﬁk\:?

9 10 i
5 yr. 2 15 S N
1 1 > \ 6
4 8 IRt
R 2 9
= %%

. ;- b -
5 e 2 5
8 yru 21 1t 0 .2
12 2 7 12

L1 2 8 13 .
I 28 13 19
57 pls)
B 8 9
1l 20 19 13
11 v=.. 17 14 15 17
- 21 11 15 18
- 13 11 22
62 7 6 4
) 7 83

E—J
)
F_J
[
[
\J
"
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Raw Data for Number of Environmental Sounds Identified At
Each Ear in the 3 Age Groups with IQ<6L.

-

. :&:

Age” Down's Other
Syndrome
L R L R
3 2 3 2
1 8 0 2
5 Yr. 1 1 o . 1
. 1 1 1 0
& @ 12 2 2
2 &
) 11
2 1 4 4
7 7 4 4
8 Yr. 5 5 0 0
0 2 5 10
15 2 1 »
6 &
21 25
8 4 4 4
10 7 10 11
11 Yr. 7 4 8 8
: 2 3 8 4
% I 79
1 &
38 38

j
-31
~J
(o)

.
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APPENDIX M

NOTES _

1 Aphasia has been defined by Morgan (1965) and Geschwind
(1970) as a disorder of language resulting frae injury to the
brair. The psychiatric dictiocnary (4th. ed., Hinsie & Camp-
bell, 1970) added the gqualification that the language disorder
cannot be the result of faulty innervation of the speech .
ruscles, involvement of the organs of articulation or general
intellectual deficiency. Distinctions between "acquired,”
"congenital™ and "developmental" aphasia have been offered .
by Chase (1972).

It is beyond the scope of this review to provide a de-
tailed account of the history of the study of aphasia and
other brain-behaviour relationships. Ir addition to Benton
(196%4a), such accounts have been presented by Critchley (1966,
1972), Giannitrapani (1967), and Joyat (1964). A recent re-
view of aphasia has been provided by Luria and Eutton (1977).

2 EHowever, Geschwind (1970) credited Broca in 1861 as
providing the first demonstration that aphasia is associated
with specific lesions occurring predominantly in the left
hemisphere. The difference of opinion may be because Dax did
not publish until 1865, though he had reported his observation-
in written, but unpublished form in 1836 (Benton, 1964a) and
had conceived the possibility as early as 1811 (Goodglass &
Quadfasel, 1854).

3. Many authers (e.g., Sinclair, 1968, 1971) have utilized
the tendency to employ z particular limb consistently in a
free-choice situation as an indication of the "dominance" of
that 1limb for that activity, and have used the term "pre- *
ference" and "dominance" interchangesbly. However, the limb
that is preferred may not be the more skilful or efficlent
when that limb's performance 1s compared with the non-pre-,

ferred limb (Dimond, 1972, cited 4 references). In such cases,

iimb skilfulness may be a more meaningful way of defining
"dominance™ (Pick & Pick, 197C). The present writer believes
that the term "preference" (e.g., motor or limb preference,
or perceptual preference, such as eye or ear) should be uti-
lized only in .a free-choice situation. The term "dominance”
should be restricted to situations in which the particular
motor or perceptual function is being compared in terms of
lateralized skilfulness (e.g., skill of a hand or foot com-
pared to the second limb, right vs. left visual field per-
formance in tachistoscopic recognition, right vs. left ear
on dichotic listening). The clinical neuropsychologist may
note any discrepancies in performance on various behavioural
tests between preference and dominance as presently defined
in attempting to detect the presence of lateralized brain
damage (Goldstein, 1974; Smith & Phillipus, 1969).

4. Goodglass and Quadfasel (195%4) also cited earlier un-
published research that questioned the classical view CH-9
Wepman, J. Recovery from Aphasia. New York, 1851; Milner, B.

/continued ...
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4 (cont'd) . . e o
Intellectual effects of temporal lobe damage in mam. Docftoral
dissertation, McGill University, 1952).

5. BSodium amytal is an anesthetic that can be injected at
the neck into the right or left carotid artery, cerebral
arteries that supply the right and left hemisphere, respect-
ively. The degree of speech disruption caused by anesthetiz-
ation of a particular hemisphere determings ithe extent that
hemisphere 1s dominant for speech. Wada an_uRasmussenEEIQGO)
stated that the technique was introduced ada, J. A
new method for the determination of the side of cerebral
speech dominance; a preliminary report on the intracarotid
injection of Sodium Amytal in man. Igaku to Seibutsugaku
(Japanese), 1949, 14, 221-2227.

6. In an updated review of the use of sodium amytal at
the Montreal Neurological Institubte to determine lateraliz-
ation of cerebral speech functfions, Rastmussen and Milner
(1975) reported: in the 371 patients tested to that date,
sodium amytal had been accurate in every case in its Identifi-
cation of side of speech specialization, as indicated by lack
of speech deficiency after surgical intervention in the hemis-
phere indicated not to be the speech-dominant hemisphere.

7. 3Bogen, DeZure, Tenhouten and.Ma%sh!(l972) cited 12
adéitional references that provide EEG evidence of differ-
ential hemispheric particlpation in different activities.

8. The prevalence of this conceptualization of cerebral
dominance seems to be reflected by the fact that a psychialtric
dictionary has described cerebral domirance in exactly these
terms: “The tendency for certain functions of the brain to .
be concentrated on a single side of the brain. In right-handed
persons, such functions tend to be conrncentrated in the left
cerebral hemisphere". (Einsie & Campbell, 1970, p. 225).

9. Henispherectomized patients are people who have under—
gone surgical removal of one of their cerebral hemispheres
due to intractable brazin damage (Dimond, 1972). More pre-
cisely, decortication cccurs in that the whole of the hemis-
phere i1s not removed and parts of the thalamus and basal
ganglia . may Temain (Dimond, 1972).

10. This model acfually has some similarity to the first
congceptualization described, the view that Zangwill (1962)
and Shankweiler (1964) claimed has received no direct support.
The "functional localization model” specifies that the hemig-
phere dominant for language,"controls" wverbal functioning of
the non-dominant hemisphere, though such ctontrol is not thought
tg extend to any other functions of the non-dominant hemis-
dhere. .
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1l ZLater discussion will reveal that this model also

has some affinity to the suggestion of Milner (1969) that
-language specialization will not be transferred to the right
hemisphere in childhdod after a left hemisphere lesion unless
the lesion includes significant areas (e.g., the posteridr
language zones). The major difference seems to lie in the

. fact that the functional localization model emphasizes that
"the verbzl capacities of the right hemisphere are gquite
extensive in the adult, while Milnmer (1969, 1974, 1975) seems
to be arguing tha¥ in adulthood the right hemisphere no -
longer possesses very extensive verbal capacities or very
extensive potential to acquire (or re-acquire) such capacities.

12. Reviews of research data on clinical samples coa-
" cerning the specialization of the hemisphéres have been pro-
vided by Blakemore, Iversen and Zangwill (1972) and Milner
(1871, . 1974), among others. .

//’_ﬂﬂﬁﬁ\Li 15. It is beyond the scope of the present review to out-
ine the contribution of clinical research to our knowledge -

of brain-behaviour relationships (e.g., research that im-
DPlieates or fails %o implicate a specific critical area as
The main site for the processing of a particular type of in-
put or the main site for a specific modality or a main funct-
ional connecting link between brain areas, e.g., see Brown,
1975b and Geschwind, 1965 for discussion of the "isoclation"
syndrome), unless such research has relevance specifically
Lo the topic of cerebral dominance. See Reitan (1976) and
Reitan and Davison (1974) for reviews of mowledge of brain-
behaviour relationships ‘derived from lesion studies.

14 Throughout this paper the terms "major”, "dominant™
. and left hemisphere will be used interchangeably to refer
to the hemisphere that is dominant for speech and language;
the term "minor", "non-dominant" and Tight hemisphere will
refer to the hemisphére not dominant for speech and language.
When the major hemisphere under discussion is not the left-

hemisphere, such a fact will be clearly stated in the main
text.

1> Bogen (1969) and Matarazzo (1972) both listed 12
other studies that have noted greater deficits in wverbal
tests in persons with dominant hemisphere lesions, and
greater deficits ir non-verbal or performance tests in per-
sons with nondominant hemisphere lesion. Attempts to link
the laterality of a lesion to performance on other tests have
" met with clearly negative or mMixed results (e.g., the Minne-
sota Multiphasic Personality Inventory, see Dikman & Reitan,
19745 for review of studies of the usefulness of the MMPI in
+  detecting brain damage, see Reltan, 1976). :

-

A
-
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16 Egiellent reviewsare provided by Sperry (1968), _
Gazzaniga (1970) and Nebes (1974). Behavioural observation
of split-brain patients has provided-speculation concerning
the role of the forebrain commissures %especially the lar-
gest of these commissures, the corpus callosum) in the in-
tact brain. For detailed consideration of the role of the
corpus callosum in brain Dunctioning, refer to Demnis (1976),
Dimond (1972), Ferriss and Dorsen (1974), Gazzaniga (1969,
1970), Geschwind (1965), Joynt (1974), Kinsbourne (1974b),
Netley (in.press) and Selmes (1974).

17 Carmon and Nachshon (1971 cited three earlier
supportive studies with brain-damaged subjects and three
earlier supportive studies with rnormal subjects. There also
have been reports of disorders of temporal perception in
aphasic children and adults (Erashen, 1973b; Papcun, Krashen,
Terbeek, Remington & Harshman, 1974). :

18 Milner (1971, 1974) described data gathered by her
student, Corsi - findings of a greater defidit in the temp-
oral ordering of events (recency) for verbal materizl (words)
after left vs. right frontal lobectomy; however a greater
deficit in the temporal ordering of non-verbal material
(abstract paintings) was noted afterright frontal lobectomy.

19 Left hemisphere lesion patients performed poorer
than a right hemisphere lesion group when a fast tapping pace
was required; however uncer slow and moderate tapping reguire-
ments, a reversed trend was observed. ’

20 As reported by Dimomd (1972). Dimond (1972) speci-
fically cited the following findings: Wyke, 1966 - left-
sided lesions procduced contralateral limb impairment on a
Task of maintaining extended arm position in the absence of
vision, while right-sided lesions were associated only with
contralateral impairment; Wyke, 1967 - alternating repetitive
single arm movements were.faster with the right arm in normal
subjects, left-sided lesions reducing both contralateral and
ipsilateral arm movement speed, right-sided lesions slowing.
only the contralateral arm (especially with parietal lesion)
Wyke, 1967 - right arm significantly better in normal sub-
Jjects on a pursuit rotor, with impaired performance in ipsil-
ateral and contralateral limbs occurring with unilateral
lesions (but removal of subjects with visual field defects
yielded only contralateral limb performance impairment with
right-sided lesions, bilateral Impairment with left-gided
lesions).  Dimond (1972, .14%) concluded: "This reflects
the greater proficiency of the right hand- over the left for
the performance of various tasks by right-handed subjects..
It has also the implication that the left hemisvhere plays a
. greater overall paft in performance control than the right...”

o
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21 Dee and Van Allen (1973) suggested that subjects
with left hemisphere disease show relatively greater impair-
ment in speed of decision-making in situations of increased
complexity in comparison to patients with right hemisphere
injury.

22 Not in agreement with this interpretatibn are the™—.
results of Milmer (1962, 1971, 1974) and Chase (1967) who
reported evidence for a right hemisphere dominance for some
of these functions (Dobrokhetow & Braghina, 1974, also
concluded from their literature review that the right
hemisphere may be specialized for time perception); and the
fact that ear dominance for verbal materials on dichotic
listening occurs earlier in development (e.g., Kimura, 1967)
than ear domirnance for verbal material monaurally presented
that must be reported in the order presented (e.g., Bakker, -
Smink & Reitsma, 1975 - see dichotic listening research '
described in literature review section entitled "The Develop-
ment of Cerebral Dominance").

S

25 Kimura (19753 referred to reports of deaf mutes
(no reference cited) who utilized hand movemerts to com~
municate and- who displayed deficits in these hand move-

ments after left-hemisphere damage; Kimura (1973) herself
found left-sided damage to be associated with difficulty
copying a series of hand movements, meaningful or not.

"That the left hemisphere has a special control over some
aspects of manual behaviours is further suggested by the fact
that most people use their right hand for marny skilled acts.
Although the relation between speech lateralization and hand
preference is not perfect, the high incidence of both left
hemigohere control of speech and right hand preference 1is

jobey ly not coincidental... [concerning hand gestures
hardly ever appearing except during speech] - the free move-
ments during speech are made primarily by the hand opposite
the hemisphere that comtrols speech (as determined by means
of the dichotic verbal method). If speech is controlled by
the left hemisphere, as it is in most people, the right hand
makes more of the free movements, whereas if speech is con-
trolied by the right hemisphere, the left hand makes more of
the free movements. Curiously, this asymmetry is restricted
to frée movements; it does not appear in self-touching move- .
ments. These firdings and the clinical findings I have
mentioned suggest that there is indeed some overlap between
the speaking system in a hemisphere and the system controlling
certain kinds of manual activity. It may be that the lefd
hemisphere is particularly well adapted not for the symbolic
function in itSelf dbut for the execution of some categories
of motor activity that happen to lend themselves readily to
communication"(Kimura, 1975, »D- 77-78) . :
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24 See the experimental studies on dichotic listening
‘reviewed later in this section for’ further discussion of whatv
basic elements may underlie the left hemisphere dominance for
speech.

25 The disagreement may be related to the confounding
.of the ability to calculate with language and visual spatial

abilities. Benson and Weir (1972) and Hetaern (1962) distin-
guished between aphasic acalculia (where number language is
disturbed), visuospatial acalculia (where alignment and
place-holding values are disturbed), and anarithmetia (a
disturbance of the ability to verform computations). Dimend -
and Beaumont (1972) suggested that the left hemisphere-calcul-
ation link may have obtained wide acceptance because of the
tendency to test calculation ability through verbal responding;
a left hemisphere lesion may act over a wide area to dissociate
the right hemisphere calculation mechanism from the speech out-
put system in the left hemisphere.

Besides the possibility that the left hemisphere may bDe
mistakenly thought to be dominant for calculation because oI
testing through expressive speech (a left hemisphere function),
another possible source of misinterpretation is the assessument
of calculation skill by recuiring receptive speech (e.g.,
verbal instructions). In this regard, Gardner, Strub and
Albert (1975) have described the case of a 41 year old who
had suffered a left hemisphere stroke 1l years earlier who
performed calculation presented in non-linguistic, but not
linguistic (e.g., oral) form. Sperry (19638) also noted at
least some right hemisphere calculation ability when tested
through non-verbal response. :

26 Jasper, E. - A laboratory study of diagnbstié indices
of bilateral neuromuscular organizaftion in stutterers and
normzl speakers. Psychological Monographs, 19352, 43, no. 1

27 Jasper, H. & Raney, E. The phi test of lateral dom-
inance. American Journal of Psychology, 1937, 49, 450-457.

28 McFie, J. Cerebral dominance ir cases of reading
disability. Journal of Neurology, Neurosurgery and Psychiatry,
1952 k] Iia 19 5“ 199 g

29 Ettlinger, G. & Jackson, C. Organic factors in
developmental dyslexia. Proceedings of the Royal Society of
Medicine, 1955, 48, 998-1000. :

30 Carter, D. A further demonstration of phi movement
cerebral dominance. Jourmal of Psychology, 1953, 36, 229-309.

31 White (1969, 1972) has provided an extensive review
of the relevant research liferature and a critique of metho-
ew covering the 1?67-1975 period has
b and Arrold (1976).

been provided b
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32 It is interesting to speculate about the interaction
of the more general models of cerebral dominance (e.g-,
those: presented earlier in the subsection entitled "Con-
ceptualizations of Cerebral Dominance”) and these more
specific postulates. If one were & strict localizationist
the visual field asymmetry results would force one to adopt
the first hypothesis outlined above. ‘For if the strict
{ocalizationist adopted the second hypothesis, he would |,
expect a complete absence of analysis of material presented
fo the visual field that projects directly to the hemisphere
non-dominant for that type of functioning. But the visual
field asymmetry studies in fact reveal a high degree-of ’
analysis of such material, the differernce between the Two
visual fields in fact being slight, ,though consistently found
£o be significant. The visual field asymmetry studies would
provide no basis for the split brain model tO opt for -either
hypothesis; Dbecause one would expect only a relatively better
performance in the wvisual field directly projecting to the
relatively more dominant hémisphere, whether material from
the second visual field was shunted across to the relatively
more dominant hemisphere for processing or whether the e
processing occurred in the relatively less dominant kemisphere.

5% Berlin, Lowe-Bell, Culien, Thompson and Loovis (1973)
have domonstrated that stimulus delay effects on DL. are com-
plex. . ,

34  Several studies have attempted to pinpoint critical
variables affecting the right ear effect for speech on dichotic
listening (Berlin, Lowe-Bell, Cullen, Thompson & Loovis, 1975 -
temporal onset variables; Berlin, Lowe-Bell, Cullen, Thompson
& Stafford, 1972, Cullen, Thompson, Eughes, Berlin & Samson,
1974, Thompson, Stafford, Cullen, Hughes, Lowe-Bell & Berlin,
1972 - intensity; Cullen et. al., 1974 - signal-to-noise ratio
and bandwidth; Godfrey, 1974 - white noilse, vowel duration and
acoustic vowel phonetlc distinctness in vowel recognition;

-~ Blumstein, 1974 - distinctive linguistic features; Pisoni &

McNabb, 1974 - feature sharing and lag effects), phonétic vs.
_non-phonetic features (Callen, Berlin & Tobey, 1976). Manmy
of these studies are included in an edition of the Jjournal,
Brain and Language (Oct., 1974), devoted exclusively to DL
Tesearch. 1o addition to the references cited in the main-’
text, the articles in this special edition have referred. to
many earlier references that have investigated specific
aspects of speech and language sounds that contribute to the
REA on DL. £ second issue of Brain and Tznguage (Apr., 1975)
has also devoted itself exclusively to DlL.

35 Another variation is the use of pursuit auditory track-
ing of dichotically presented tones: a target tone varying
randomly in frequency and amplitude is presented to one ear,

' /continued ....



Froday

APPENDIX M - 290

L

55 (cont'd) while the subject produces a second variable
tone to his second ear by continuous movement of a body
part (e.g., tongue movement). The task is to control the

-motor system so that the tone controlled matches the freq-

uency change of the target tone (Sussman & MacNeilage, 1975abce;
Sussman, MacNeilage & Lumbley, 1975). Sussman and MacNeilage
have argued that this task involves speech production in conz
trast to the speech perception tapped by conventional dichotie
listening. 4 visual analogue of pursuit auditory txackin s
also been investigated (MacNeilage, Sussman & Stolz, 1

56 Results that seem to run counter to this trend of
a particular differential reaction to material unilaterally
presented to each ear depending upon the verbal vs. non-verbal
nature of the material have alsc appeared in the literature.
For example, in right handers a faster right ear reaction
was noted during the monaural presentation of a presumably
non-verbal stimulus, a 1000 Hz tone (Provins & Jeeves, 1975;
Simon, 1967), or else differences seemed to be unrelated to
any gerbal~non—verbal divisiten of the material (Karp & Birch,
1969).

57 Two other EEG studies measuring auditory evoked
potentials were cited by Haaland (1974), and one study N
measuring visual evoked potentials and two recording EEG
activity in the left hemisphere for speech and language
behaviour were cited by Lemneberg (1973), though Haaland
(1974) and Lenneberg (1973) were not complefely explicit
concerning the specific results. Neither author discussed
the studies individually. .

58 Weitan & Etaugh (1974) cited two studies that found
specifically that right-movers obtained higher scores on the
Mathematics section of the Scholastic Aptitutde Test than
did left-movers (Bakan, 1971; Weitan, W. & Etaugh, C.
Lateral eye-movement as related to verbal and perceptual-
motor skills and values. Perceptual and Motor Skills, 1873,
36, 423-428). .

39 But the dominance of the right hemisphere seems to
extend Yo only certain classes of non-verbal spatial materizls
or at least is not congistently present. For example, Warr-
ington and Rabin (197%?%&@ not find significant deficit
in the right parietal group on the cube analysis (from Stan-
ford-Binet) or block design test (from Wechsler Adult In-
telligence Scale). Experimental studies of right hemisphere
functioning (e.g., Kimura, 1966, 1969, Kimura & Durnford,
1974, see relevant section ef this review) have also failed
to obtain evidence for hemisphere differences on many types
of tasks. Determination of the extent of right hemisphere
dominance for spatial processing may be complicated by the
possible important involvement of the left hemigphere, especi- -

/Continued ...
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39(Cont'd)  ally the left parietal lobe in spatial functioning
(see Critchley, 1969, Dimond, 1972, Luria, 1973; Milner, 1971
also cites three studies). ) ”

40 But recall that Milnmer (1971, 1974) also described
data that indicated a larger deficit in the temporal ordering
of verbal material after left, in contrast to right frontal
lobectomy or controls.

41 Such results were noted by Corkin (1965) to be identical
to those found on visually guided mazes (Milmer, 1965, 1967).

42 Ongaearlier supportive study cited by Fontinot and
Benton (1971): Carmon, A. & Benton, A. Tactile perception
of direction and number in patients with unilateral cerebral
disease. Neurology, 1969, 19, 525-532.

43 The possibility that any right hemisphere specializ-
ation extends only to certain types of complex tactudl sensi-
tivity is suggested from three non-supportive lesion studies
cited by Blakemore, Iverson & Zanguill, 1972).

44 As cited in an earlier . note,: , Bogen (196%) and
Matarazzo (1972) have listed twelve other studies that have
noted greater deficits on non-verbal tests in persons with
non-dominant hemisphere lesions, and greater verbal deficeits
on verbal tests in pversons with domirnant hemisphere lesions.

&5 BSee also the next section on experimental research
with DL for additional evidence of the relatively greater
importance of the right hemisphere in the perception of the
environment, including the percention of the emctional en—
vironment (Carmon & Nachshon, 1973a; Curry, 1867, 1968:
Haggard & Parkinson, 1971; King & Kimura, 1972).

46 DimoW} and Gazzaniga (1967) have likewise
stressed th e right hemisphere is not word blind or word
deaf, but exhibits linguistic capacities if abilities are
tested through means other than expressive speech. Moscovitch
(1973) has labelled the conceptualization of hemispheric
functioning derived from split-brain studies as the split-
brain model. As discussed elsewhere in this paper in detail,
one alsc has to consider the possibility that the presence

of the hemisphere dominant for language is inhibiting the

release of linguistic capacities of the hemisphere non-
dominant for language so that this hemisphere in subjects
with intact hemispheres (and even the hemisphere non-~dominant
for language in dominant Hemisphere lesion patients whose
lesion spares the critical part of the left hemisphere pro-
ducing the inhibition) may not even exhibit the non-speech
linguistic capacities of the gplit-brain patients which has
been freed from the control of the dominant hemisphere (Mos~
covitch, 1973, 1976). /Continued ...

e o
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46 (Cont'd) The irhibitory presence of the left hemisphere
ahd an analogous inhibiting influence emanating from the right
hemisphere depending on the function in question may also-ex-
plain other paradoxical resulks
the function of the whole appgars to be less than the sum of
the parts. Focal lesions withln o Obe result in deficits
that are not observed after henispheyectomy. Left occipital
disease results in colour agnosda (Finsbourne. & Warrington,
1964), but.left hemispherectomy de€s not (Smith, 1966). Right
occipital disease results in prosopagnosia (defective re-
cognition of faces, Hetaen & Angelergues,- 1962), dbut right
bemispherectomy does not (Smith, 1969). Unilateral parietal
disease m cause gross neglect of contralateral] space (Gain-
otti, l97§§, but bilateral parietal disease does noti (at
least in that gross form)." (p.260).

The hypothesis that the right hemisphere possesses re-
ceplive speech capacities that are inhibited or masked by
the presence of the left hemisphere is supported by reports
of the presence of a fair degree of verbal comprehension
immediately after removal of the left hemisphere for tumour
in adults (Smith, 1972, 19765 Moscovitch, 1973). Much less
clearly supportive evidence came *rom a study of -split-
brain patients (Gazzaniga & Hillyard, 1971).

Authors have even observed expressive speech and writing
POssibly emanating from the right hemisphere of adult sSpiit-
brain (Butler & Norsell, 1968; Levy, Nebes & Sperry, 1971;
Nebes & Sperry, 1971) and aphasic (Einsbourne, 1974) patients.

Detailed reviews and discussion of the linguistic limit-
ations of the right hemisphere of split-brain patients (and
speculation concerning right hemisphere function in the in-
tact brain) have been provided by Gazzaniga (19673, Gazzaniga
and Hillyard (1971), Levy, Nebes and Sperry (1971 s Nebes
(1974), Sperry (1968) and Springer and Gazzaniga (i975).
Dimond (1972) has also argued on behalf of the involvement of
the right hemisphere in language functioning.

47 Less consistent findings (Bryden, 1976) or complete
failure to replicate results on dot localization (Bryden,

19735 Pohl, Butters and Goodglass, 1972) have also been
reported.

48 When hemispheric functioning was assessed by com-
paring the hands in terms of tactile perception of direction
ir normal subjects, e left hand (and bresumably a right hemis-
phere) superiority was noted (Berton et. al., 1973).

49 A summary of the work of Kimura and her co-workers
in regard to right hemisphere functioning is provided by
Eimura (1973). and Kimura and Durnford (1574). -

ya

noted by Kinsbourne (1974) " ..
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50 Kimura and Durrford (1974) reorted that Durnford (1971)
failed to obtain VF differences for identification of block
designs. Also refer to note 39.

51 But a RVF superiority was renorted by Hannay, Rogers
and Durant (1976) on a similar task.

: 52 White and Barr-Brown (1972) attempted to replicate

the McKeever and Huling (1970) finding using symmetrical
dotted figures and what they termed a more objective scoring
procedure. They failed to observe any visual field differ-
ences in the reproduction of dotted, broken line or solid line
figures. It was concluded that absolutely no support was .
provided for the McKeever & Huling (1970) contention that the -
right hemisphere is dominant in dot perception. However, it
should be pointed out that the White and Barr-Brown (1972)
study differed in one very sigrificant aspect from that of
MeKeever and Huling, 1970 (besides the fact that White and
Barr-Brown, 1972 attempted to control for any bias created
by asymmetrical figures and subjective scoring criteria).
Exposure duration of figures in the latter study was 100 msec.,
while NcKeever and Huling (1970) employed exposure times of

15, 20, 25. and 30 msec. The grossly different exposure
duration of 100 msec. was utlized in the replication despite "
vhe fact that it was White (1969) himself in a lengthy re- _
view of tachistoscopic recognition studies of visual field '
differences who emphasized the importance of a variable such
as exposure duration irn producing the disparate results re-
ported in the literatdre concerning tachistoscopic recognition.
White (1969) specifically referred to two general categories
exposure well above threshold, 50-150 msec. range, and ex~ -
posure at threshold duration level), and postulated that
cerebral dominance was only elicited when materizl was pre-
sented at threshold exposure levels.

25 Gllbert and Bakan (1973) demonstrated experimentally
that the tendency of the right side of the human face to be
more prominent in the sense that it appears to more closely
Tresemble the whole face may be explained in the light of
asymmetrical LVF bias rather than inherent facial qualities.

54 Krasghen (1973a) has cited a recent s%udy by Erashen
and Spitz (no reference provided) which obtained a REA in
rzales for identification of environmental sounds under certain
conditions, and no ear differences for females.

55 Detailed investigation of ear dominance for pitch con-
tained in dichotic chords has been conducted by Efron and
Yund (1974, 1975, 1976), Efron, Tanis and Yund (1977), Efron,
Dennis and Yund (1977), Efron, Bogen and Yund (1977) ard Yund
and Efron (1975, 1976, 1977), a phenomenor® that may involve a
mechapism separate from that responsible for the REA for music
processing(Yund & Efron, 1977; Efron, Dennis & Yund, 1977).
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56 Weinstein and Sersen (1961) cited supportive research
(Seemes, J., Weinstein, S.; Ghent, L. & Teuber, H. Somatosen-
SO Changes after Penetrating Brairn Wounds in lan. Campridge:
Harvard U. Press, 1960), &s did Witelson, 1574 (weinstein, S.
Intensive and extensive aspects of tactile sensitividy as.a

function of body part, sex and laterality. In D. Kenshalo [%d.],
The Skin Senses. Springfield, Ill.: Chas. C. Themas, 1968).

57  Benton {1965) also pointed out that widespread left
hemisphere injury often produces aphasia serious enough to
render the subject untestable, while no such limitation in
regard to lesion extent is applicable to the right hemisphere-
case. -

58 This and earlier qualifications are not intended to
deny the importance of the study of persons with damaged e
brains in contributing to our knowledge of hemispheric
specialization; the statement simply sounds a note of caution.
Iuria (1973) similarly noted after his cautionary preamble that
the study of the injured brain, carefully executed, can be one
of the most important sources of knowledge of cerebral organ-
ization of mental activity. :

59 White (1972) review: 15 of 25 VF studies yielded no
VF identification differences with unilateral presentation
of non-language material vs. four of 12 studies failing to
obtain a RVF superiority for identification of larnguage
material.

60 Schmit and Davis (1974) and Seamon (1974), among
others, have continued to argue that hemisphere specialization
is modality specific, that such specialization is based on
verbal vs. visually coded information processing, despite the
zbundant research evidence cited in the present review that
argues for a much broader“distinction.

-

61 Jackson, J. Selected Writings of John Hugglin%s
Jackson, J. Taylor .)y New York: asic Books, 1 .

62 Bogen (1969) presented a table with 14 different
pairs of labels that have been suggested by various writers
to summarize the left hemisphere - right hemisphere funct-
ional dichotomy. .

e

65 In split-brain patients Levy-Agresti and Sperry (1968)
demonstrated a left-hand-right hemisphere superiority for
matching spatial forms (factual-visual spatial matches).

The low correlation that was observed between the pattern of
accuracy on the different stimuli led Levy-Agresti and Sperry
(1968, p.1151) to propose that the two hemispheres were
following different perceptual approaches to solve the task.
/Continued ...
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63 (Cont'd) "The data indicate that the mute, minor hemis-
pPhere is specialized for Gestalt perception, being primarily
a synthesist in dealing with information input. The speaking,
major hemisphere, in contrast, seems to operate in a more
logical, amalytic computer-like fashion. Its language is
inadequate for the rapid complex synthesis achieved by the
minor hemisphere: +the findings suggest that a possible reason
for cerebral lateralization in man is basic incompatibility
of language functions on the one hand and synthetic pexceptual
functions on the other.”

This hypothesis is described in greater detail (and addi-
tional split-brain data cited) by Levy (1972).

Thus observations from split-brain studies have given
rise %o the view that a second type of consciousness residing
in the minor hemisphere may very well exist alongside the more
domirant field of consciousness residing in the major hemis-
phere (Sperry, 1968). ' .

In addition to the 14 pairs of words different authors
have formulated to describe left-right hemispheric func-
tional differences (see note 62), Bogen (1969) presented
19 other pairs of terms forwarded by various writers to des-
cribe two modes of thought without specific reference to hemis-—
phere lateralization. Bogen (1969) speculated that the pre-
valence of such discussions of the two modes & thought is a
direct reflection of left-right hemispheric functional special~
ization in terms of propositional-appositional operations.
One dichotomy, the successive vs. simultaneous of Sechenov
and Luria (organization into simultaneous and primarly spatial
vs. temporally organized successive groups) caused Bogen (1969,
p.160) to make a special comment. “"Although the distinction
(Sechenov-Laria) suggests no lateralization, it implies what
may well be the most important distinction between the left
and the right hemisphere modes, that is, the extent to which
a2 linear concept of f{ime participates in the ordering of
thought." _ ‘

Coher (1972) has argued the case for parallel processing
by the right hemisphere. Dimond and Beaumont (1974) referred
To this view of Cohen (1972), the observation of Levy-Agresti
and Sperry (1968) and their own data in stating that the left
hemisphere analyses in sequence (processes serially), while
the right hemisphere analyses in parallel (processes simultane-
ously). (The position of Papcun et. al., 1974, has been stated
earlier. Papcun et. al. (1974) speculated specifically that
the left hemisphere is specialized for processing the sequential
subparts that comprise the stimuli and that language is Yateral-
ized to the left hemisphere because of the emphasis of language
on segmental subparts). ‘

Ornstein (1972, 1973) also linked the specialized nature of
the left hemisphere, especially verbal and mathematical func-
tioninngowever, recall the ambiguity concerning hemisphere

> /Continued ...
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65 (cont'd)

specialization for calgulation noted earlier in this review),
to analytical and logfcal thinking-and the attendant primarily
linear mode of operation. At the same time, the right hemis-
phere is primarily responsible for "holistic mentation" (j.e.,
orientation in space, artistic activities, body image, Tre-
cognition of faces), dreaming and creativity in general (Bakan,
1971; Dimond & Beaumont, 1974; Ornstein, 1972, 1973) and
possesses limited language ability. "It processes information
more diffusely than does the left hemisphere and its respon-
sibilities demand a ready integration of many inputs at once.
If the left hemisphere can be termed predominantly analytic
and sequential in its operation, than the right hemisphere 1s
more holistic and relational, and more simultaneous in its
mode of overation," (Ornstein, 1972, pPD. 52-5%).

It will be recalled that Semmes 61968) postulated a
different physiological organization in the two hemispheres:
the left seems tc be more discretely specialized, the right
more diffusely organized. Ormstein (1972) -concluded from
this paper (Semmes, 1968) that the left hemisphere is
anatomically more specialized for the focal information
pracesses that underlie logic, and the right hemisphere's
diffuse anatomic organization would provide the basis for the
processing of spatial orientation and other input. requiring
+he stimultaneous integration of many inputs. Paired dicho-
tomies for the two modes of consciousness (many of the
dichotomies excerpted from Bogen; 1969) were also presenved
and dig®yssed by Ornstein (1972). T ,

The Bork of Nebes (1971ab, 1972, 1973), Levy, Trevarthen
and Sperry (1972), and Zaidel and Sperry {1975 have been
briefly referred to in the main text. These authors have
ailso tended to interpret their Tindings as supportive of a
concept of a right hemisphere basis for "holistic nentation".
Refer to Nebes (1974) for a review and further discussion of
this concept.- ) .

After discussing the work of Levy et. al. (1972} and Levy
and Trevarther (Hemispheric specialization tested by simulian-
eous rivalry for mental associatlon, in preparation), Levy
(1974) suggested that the right hemisphere may be specialized
for imagistic encoding, the left hemisphere for likguistic
encoding. (Dacko, 1975, obtained data that supported the
hypothesis that imagery differences were dependent upon
hemisphere specialization - high imagers coded pictures and
concrete material tachisbtoscoplcally presented more effect-
ively with .the right hemisphere, while low imagers tended
<o code correctly more pictorial material and words with
the left hemisphere. 4 glaring weakness of this study was
the employment of a 700 msec. exposure time, which would per-
mit several eye movements to cccur during a single present-
ation, which in turn would permit exposure to both hemis-
pkeres, see White, 1969). ' ’

. /Continued ...
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635 (Cont'd) :

Basso, Bisiach and Faglioni (1974) studied linear length
discrimination and susceptibility to the Muller-Lyer illusion
in persons with unilateral brain damage. Their findirgs were
also discussed in terms of analytic vs. wholistic processing
of pattern. Basso, Bisiach and Paglioni (1974) also quest-
ioned whether the nature of the tasks employed by Levy-Agresti
and Sperry (1968) and Nebes (1971b) can be interpreted in
terms of the analytic vs. wholistic issue.

Bryden and Allard (1976) concluded that the analytic (left
~ hemisphere) vs. integrativeiIEight hemisphere) distinction
may be the most valid. Bryden and Allard (1976) p. 199) also
stated: "Perhaps the most general distinction is that given
by Broadbent (1974)s , who suggests that the left hemisphere
is concerned with categorizing changes in the environment,
while the right hemisphere is concerned with sustaining the
continuing representation of the environment."

It has also been .suggested that television may engage right
hemisphere processes primarily (Emery and Emery, 1975; Mcluhan,

1977). . .

64 Strich (1969, p.385) noted twe complications in com-
parison of the effects ¢f infantile and late human brain
lesions: "subcortical iAvolvement is very common and strictly
unilateral "lesions are rare.”

-~

65 BSome writers would gquestion the statement that full
recovery from aphasia never occurs when the aphasia results
from left hemisphere lesions in adults: full recovery has
occasionally been reported (see Kinsbourne, 1974b) and a
figure of 33% of adults showing left hemisphere dominance

who show no aphasia or a2 complete recovery afier a left hemis-
phere lesion has also been quoted (Levy, 1974). Hetaen (1976)
has also reported excelient language recovery in three 14 yr.
olds and full recovery in & 16 and 17 yr. old after left
hemisphere lesion.

66 The complexity of the study of brain functioning and
inference of brain functioning on the basis of c¢linical and
experimental data is further illustrated by the fact that few
statements can be expressed without qualification (as evidenced
by the freguency of notes throughout this review). In this
case it should be added that if language disruption does occur
in young patients, recovery of functioning may not be com-
plete (Annett, 197%; Griffiths & Davidson, 1966). Annett
(1973) suggested that the laterality of the lesion occurring
early in life may be relevant to the motor production of
speech, but not to the development of higher language funct-
ioning and general intelligence.

Levy and Nagylaki (1972) argued that the capacity to develop
right hemisphere language is genetically determined. Individuals
possessing the homozygote IL do not have fhe capability of

/continued ...
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66 (Cont'd)recovering franaphasia after a left hemisphere
lesion, while the heterozygote rl does possess the potential
tb develop right hemisphere language. 4An argument against
this genetic explanation.is the fact that close To 100% of
children recover completely from aphasia (or show no aphasia)
after a left hemisphere lesion (as noted in main text and as
also noted by Levy, 1974). Levy (1974) utilized the Levy
and Nagylaki (19725 explanation “to account for the 33% she
cited as recovering or failing to exhibit aphasia after lefs
hemisphere lesion — they have the rl genetic patiern and 67%
do not. However, Levy (1974) does not deal with the question
raised by a statement she herself made that close to 100% of
children either recover fram language disturbance following
left hemisphere lesion or show no aphasic disturbance. Levy
and Negylaki-{1972, p.126) themselves dismissed the fact that
"should the-dominant hemisphere be damaged, the younger the
child, ever if purely dextral, the greater is his capacity

£o utilize either hemisphere for speech" by stating that it
seems to us that the capacity of children to develop language
in either hemisphere is simply another example of the generzal
physiological plasticity observed in all developing systems."
How such recovery (plasticity) is dependent upon the presence
of the heterozygote rl, in adulthood but not in childhood, 1s
not dealt with by Levy and Nagylaki (1992) or Levy (1974):
e.g., how is it possible that close %O 100% of children ex-—
hibit plasticity, but only a much smaller percentage, i.e-.,.
33%, possess the heterozygote rL enabling the right hemisphere
%o assume language functioning?

67 See Dimond (1972) and Smith (1972) for reviews of
hemispherectomy studies in relation to information about
cerebral dominance. "

68 If even some minor speech specialization in' the left
hemisphere had begun before the age of first speech, cne
would expect the left hemisphere iesion group whose first
speech had been acguired after a lesion had been sustained to
exhibit some slight delays in speech onset compared to the
comparable right hemisphere group. (An alterrate explanation
might be that the left hemisphere had begun to specialize, but
that the right hemisphere and/or remaining intact portions of .
the left hemisphere were completely "plastic" in ability Tc
acquire speech at this yourg an age). If no hemispheric
speech specialization had occurred after the age of 1 yr.
in the groups acquiring the right and left hemi sphere damage
after first speech had been acquired, omne would expect an
equal proportion of speech disturbance in e groups. <IThe
fact that left hemisphere speech specializatlon was not com-
plete by the age of 5 yr. is suggested by the \fact that 47%
of the right hemisphere group exhibited speech) disturbances
(the oldest child in this group exhibiting spgech disturbance

being five years old). In an adult populati one would expect

/conbinued. ..
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68 (Cont'd). speech disturbances to occur in no more than

4 to 5% of any group sustaining right hemisphere lesions,

since tle percentage of adults whose right hemisphere is
dominant—for language.has been estimated to be less than

5% (Basser,. 1962; Geschwind, 1970, 1972; Geschwind & Levitsky, .
1968; Lenneberg, 1967; Russell & Espir, 1961).

lesions as a function of age specifically in reference to
frontal cortex. Iuria (1973) also stated that lesions in
childhood may have more serious lasting effects - in young
children, lesion of a cortical sensory area results invariably
in imperfect development of the higher structure imposed on
it; in adults, lesions Here are not as crucial since higher
structures. have been formed and now control the organization
of such simpler (i.e., sensory) forms of activity.

69 Teuber (1972).-discussed the effects of cerebral EEP/,

70 Lenneberg (1967), in agreement with Dimond (1972),
stated that the earlier in life the lesion occurs, the more
favourable the prognoslis for language.

71 Reference cited: 3Bryan, E. & Brown, M. A method
for differential diagnosis of brain damage in adolescents.
Journal of Nervous and Mental Disease, 1957, 125, 69-72.
This view appears to difier from that of Luria (1973), as -
outlined in note 69. -

~

72 Reference cited: EHebb, D. The effect of early and
Jate brain injury upon test scores, and the nature of normal
adult intelligence. ZProceedings of the American Fhilosophical
Society, 1842, 85, 275-292.. ‘

7%  Matarazzo (1972) listed 12 studies in which adults
sustaining damage to the left hemisphere tended to obtain-
a lower Wechsler Verbal IQ compared 4o 2 Wechsler Performance
1Q, while right hemisphere damage tended to be assoclated
with lower Wechsler Performance IQ relative to Wechsler Verbal
IQ. Some of the studies cited by Bogen (1969) utilized the
Wecksler scales and found similar results.

74  Moscovitch (1973) labelled such an explanation the
neurological reorganization hypothesis. As earlier noted,
Moscoviteh (1973) suggested~that, in regard to a left hemis-
phere lesion and reorgapdzation of language processing in the
.right hemisphere, the damage/ would have to include the area
that would ordinarily inh¥bit the right hemisphere from assum-
ing responsibility for lafguage processing. Milmer (1969)
similarly stated in terms of tramsfer of language functioning
to the.right hemisphere, left hemisphere damage would have to
occur -in a critical azrea (e.g., posterior language area lesion).
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75 But even this more precise-formulation of brain-
behaviour relationships in terms of the effects of lateralized
brain trauma and its severity and extent at different ages for
such types of information processing does not exhaust critical
variables. Matarazzo (1972) listed other important character-
istics: site of the lesion within a hemisphere, factors
that created the lesion, time interval between theé occurrence
of injury and testing, specific interventions attempted (e.g.,
medication, effects of neurosurgical procedures), lateral
motor and cerebral functional dominance, and acuteness Vs.
chronicity of the lesion.

76 Gazzaniga (1974) later postulated that initially both
hemispheres are involved in language and cogrnitive function-
ing of all kinds (e.g., up to age 8 or so), but that with
lateralization then occurring (e.g., left hemisphere language
specializaticon), an inhibitory mechanism arises from the left
hemisphere and restricts the cognitive functioning of the right
hemisphere. "Taken together this data would suggest that as
dominance is established in the left-hemisphere, inhkibitory -
processes develop which suppress the upper cognitive level
and decision-making capacity of the right hemisphere. When
the brain is entirely split, these functions are realized with
greater force on the right side than when a lesion of the left
hemisphere aione is present. In the lesion case, of course,
the vast majority of the interhemispheric comnnections are
present and remain active and functional with their inhibitory

tinfluence" (Gazzaniga, 1974, ».377)-

57 1f such conceptualizations are a fair reflection of
the actual~state of affairs, a possible remedial technique
in the .rehZbilitation of aphasic patiexts would be the.devel-
opment of the dormant verbal .capacity of the minor hemisphere.
Gazzaniga (1972) and 'Glass and Gazzaniga (undated) have tried
teaching such patients via picture-symbol language that has
been utilized for language learning in - chimparzees. The po-
tential inherent in this zpproach is reflected in the fact
that subjects have been able to comprehend and manipulate
such artificial language symbols.

78 Zangwill, O. The current status of cerebral dominance.
Research in Public Assistance and Research in Nervous and
Mental Disease, 1964, 4, 103.

| 79 Bogen (1969) seemed to be suggesting that major hemis-
phere specialization may be a prereguisite for full specializ-

- ation of minor hemisphere capacities and that optimal develop-

ment may be characterized by establishment of major hemisphere
specialization before minor hemisphere specialization, though
he doesn't make an explicit statement to that effect. But
Moscoviteh (1973, 1976) did offer such a hypothesis. Goldman
(1972) also argued that the left hemisphere matures earlier

- /continued...
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79 (Cont'd). +than the right hemisphere. On the other hand,
Carmon and Nachshon (19732) suggested that the right hemis-
phere may mature earlier than the left hemisphere and may be
more involved in the earliest stages of learning, The latter
authors found a LEA in adults on DL for the perception of
non-verbal emotional human voices. However young children
were not studied. Fromkin, Krashen, Curtiss, Rigler and
Rigler (1974) noted the hypnothesis that the right hemisphere
is the first to develop. They interpreted as supportive of
the hypothesis their finding of a normal right hemisphere
specialization for non-verbal in%ormation processing in con-
trast to an abnormal specialization for language (right hemis-
phere specialization inferred f¥om DL performance) in Genie,
2 16 yr. old girl who had experi8gced extreme environmental
deprivation. Brown and Jaffe (1975) have also speculated that
the right hemisphere may be dominant during the prelinguistic
period, while the left hemisphere may assume its dominance
pattern only as speech and linguistic skills develop; and
although he states that maturational processes eventually
favour language elaboration, Sperry (1974) has postulated
that . right hemisphere perceptual functions begin to develop
before language. : ,

Despite these speculations, very little experimental research
has been conducted pertaining to the development of righvt
hemisphere specialization. The present reviewer 1s not aware
of any research employing reasonably well-validated measures
of verbal vs. non-verbal hemisphere dominance that have sug-
gested different ages for the appearance of verbal vs. non-
verbal hemispheric specizlization. See the next subsection
in the mein text dealing with research in normal child popul-
ations.

80 This explanation may also aid in explaining the appar-
ent discrepancy between the presence of verbal-non-verbal
differences in this study and the studies described earlier
in which the usual verbal-non-verbal performance differentizl
so often noted in adults wko acquire lateralized brain injury
has not been found in children (e.g., Annett, 1973; Penning-
ton et.zl., 1965; Reed & Reitan, 1969). The latter studies
probably investigated children whose lateralized brair damage
was extensive enough to cause the second hemisphere to assume
the functions of the damaged hemisphere: the result is an egqual
reduction in the abilities originally being mediafed by that
hemisphere and the zbilities which now are mediated in the
same hemisphere. The children described by Rudel et. al.
(1974) may not have receiveddzmage encroaching on the critical
language zones (and non-language area in the case of right
hemisphere injury). The result is a ‘'surprisingly adult-
like pattern,” the pattern in this instance pertaining to
verbal-non-verbal performance differences. A similar ex-
planation seems applicable to the study that did obtain verbal-
performance (Wechsler) differences in lateralized lesion groups

s /continued...
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80 (Cont'd). of children that followed the adult patiern.
Fedio and Mirsky (1969) employed the presence of lateralized
epileptiform focus to classify lateralized brain damage
groups. Such a classification criterion in ail probability
© produced groups of children whose brain damage was less
extensive than those included by many of the other studies.

As pointed out earlier, Milmer (1974) has suggested that
the critical variable in these situations is not extent,
but location, of brain insult: early leit hemisphere lesions
outside the two critical speech zones of the left hemisphere
(Broca's area and primary speech area of the temporal lobe)
do not alter development of lef% hemisphere lateralization,
but lesions within thése zones produce right hemisphere
dominance for speech (or more rarely, a bilateral represent-
ation).- Milner (1974 pp. 86-87) stated: "The intellectual
consequences of these 2 types oi early lesions are quite
different. Damage outside the primary speech areas 1is
associated with highly specific defects which reflect the
specialization of the hemisphere and the site of the lesion.
Thus regardless of whether the lesion occurs earld or late
in 1ife, left‘anterior temporal damage i1s likely to cause a
specific impairment of verbal memory but no general intellectual
loss. With an early injury so located that speech has -to
develop on-the other side, the situation is radically different,
because there is always an inftellectual price to pay for such
plasticity. As both Sperry and Teuber have indicated, people
with most of their cognitive abilities 'crowded' into one hemis-
-phere are likely to be lower in general intelligence than the
normal population (Hebb, 1842; Basser, 1962; Lansdell, 1969) .
Again both Sperry and Teuber emphasize that verbal skills
tend to develop at the expense of non-verbal cnes in this
kind of intrahemispheric cempetition; but the fact remains that
both are low." Milner (1975) and Smith (1972) argued likewise
that language functioning appears to take precedence OvVer nOD~
language functioning in such a situation.

In discussing his functional localization model, Moscovitch
(1976) stated that lateralization of language tc the left
hemisphere may result in potentially linguistic structures in
the right hemisphere instead specializing for non-language
functions. "It also predicts, as some investigators have al-
ready found. (Levy, 1973), that if language develops on the
right it may take over some structures that would normally
mediate nonverbal function and, thereby, lower the person's
performance on nonverbal tasks” (Moscoviteh, 1976, D.67).

81 Results of additional studies cited by Hetaen, 1976
(Lansdell, 1962, 1969; McFie, 1961; Wood & Teuber, 1973) and
his own data fit this explanation, as does the IQ data of
Dennis and Konn (1975) on five left hemidecorticates and four
right hemidecorticates.

McFie (1969, p.384) emphasized the possibility of major
reorganization of cerebral function following early cortical
lesion and offered three points concerning focal lesion.

' /continued ...
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(81 Cont'd.) _
cognitive deficits occurring at different ages. "1l.. After
hemispherectomy, children with severe neonatal lesions show
cognitive defects which are not related to the side of the
lesion. - 2. Cerebral lesions occurring after infancy but
during childhood provoke intellectual dissbilities which are
related %o both the side and the intra-hemispheric locus of
the lesion but this relationship appears to be less marked
than in adults. 3. Certain deficits in brain injured
children appear not to be related to the locus of the lesion.
Dr. McFie regarded this as a manifestation of the principle
of mass action."

82 Followup 15 and 21 years later of a S yr. old boy
who had undergone a left hemispherectomy for seizures (Smith &
Sugar, 1975) revealed development of superior language and
intellectual abilities in contrast to those reports that
suggested that the plasticlty of the nervous system may have
been overrated (e.g., Rudel et.al., 1974), reports which
describe restricted development of language functioning
after left and non-language function after right hemispherectomy
for perinatal lateralized brain lesion. The explanation offered
in the main text and note 80 concerning the conflict of the
Rudel et.al. {1974) data and hemispherectomy studies (e.g.,
Basser, 1962) applies only %o a point: the subject described
by Smith and Sugar (1975) obviously lost the use of the class-
ical language zone of the left hemisphere (either through the
initial lesion or the subseguent hemispherectomy); therefore
languzge and non-language functions "crowded" into the right
hemisphere. However the crowding was associated not only
with verbal and language skill precedence, buf also with the
development of superior language and average non-language
functioning. Smith and Sugar (1975) explained this anomalous -
finding (the usual pattern being below average verbal and non-
verbal skill development, even if verbal skills are superior
to non-verbal skills) by suggesting that the right hemisphere
of their subject possessed the reguired "substrate" for such
development, while subjects in other studies whose verbal and
non-verbal functioning was below average following hemis-
pherectomy did not possess the necessary integrity or in-
tactness of the remaining ., hemisphere.. )

An alternate explanation to thaly forwarded by Smith and
Sugar (1975) that would fit speculPtions of Rudel et. al.
"(1974), Milner (1974) and Sperry is that this individual may
have developed to an even higher intellectual level without
the brain lesion and subsequent transfer of all functions to
the right hemisphere (i.e., without the lesion, the individual
may have attained a very superior, perhaps genlus intellectual
ievel), so that the "crowding® in fact did reduce overall in-
tellectual development.
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85 J. Wada. Paper presented at the 9th. International
Congress of Neurology, New York, 1969. It has also been
reported that Wada even noted such asymmetries in fetuses
as young as 20 weeks post-conception (Milner, 1974; Gesch-
aind, 1974).

84 Wada, J., Clarke, R., ard Hamm, A. (Cerebral hemis-
pheric asymmetries in humans. Archives of Neurology, 1975,
52, 239-246) reportedly found only 12 of 100 Ietal and only 0
of 100 adult brains showing reversed asymmetry.

85 Teszner, D., Tcavaras, G.. and He¢caen, H. L'asymetrie
droite-gauche du planum temporale: a propos de 1'dtude \
anatomique de 100 derveaux. Rewvue Neurologique, 1972,

126, L4449,

86 Dichero, G. Angiographic patterns of cerebral con-
vexity veins ané superficial dural sinuses. American Journal
of Roentgenology, 1962, 87, 308-521; Dichero, G. Venous
patterns of cerebral dominance: New England Journal of
Medicine, 1972, 287,.9335-934&.

87 LelMay, M. & Culedbras, A. Human dbrain: morphelogical
differences in the hemispheres demonstrable by carotid
arteriography. New England Journal of Medicine, 1972, g§%,
168-170; Carmon, A., Harishanu, Y., Lowinger, -&. & Lavy, S.
Asymmetries in hemispheric blood velume and cerebral deminance-
Behavioural Biolegy, 1972, 7, 853-850.

88 Hansen, S., Perry, T. & Wada, J. Amino acid analysis
of speech areas in human brain: absence cof left-right asy-
mmetry.: Brain Research, 1972, 45, 318-320. :

85 McRae, Branch and Milner (1968) found the left
oceipital horn of fThe lateral ventricle in living subjects
(noted by pneumoencephalography) to be longer than the right
cceipital horn. Geschwind (1974) has found that a longer
occipital horn on one side in post-mortem material has pre-
dictive value concerning the size of the Temporal plane;
it was felt that if such results were replicated, diagnostic
pneumoencephalography may predict the presence of a larger
temporal plane on one side. However, Milner (1974) cited
the data of McRae et. al. (1968) in speculating about anatomical
- asymmetries favouring the right hemisphere since it was felt
results cculd mean the mass of brain tissue in the posterior
of the hemisphere is greater on the right.

9C It is interesting to speculate about the relative
contribution of constitutional and geretic factors vs. environ-
mental influences upon the developmernt of hemisphere specializ-
ation. The studies just cited obviously provide evidence for
a <<constitutional basis to heaispheric asymmetries.. Bogen (19€9)
stated that the degree to which both appositional and proposi-
/continued ...
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90 (Cont'd). tional ability develop is dependent upon environ-
mertal exposure.  Bogen and Bogen (1969) copined that the origin
of such asymmetries is genetic and that the two modes of
thought would arise even if the individual were not exposed

to language. Bogen et.al. (1972) again stressed the importance
of heredity for these asymmetries. But the contribution of the
environment was also stressed in developing both sides of the
cortex (Bogen & Bogen 1969); reliance on one hémisphere may

be due torearly cultural experience (Bogen, et.al. 1972). The
lack of correlation of ear performance between siblings noted
by Bryden and Allard (1973) and Bryden (1975) on DL led the
authors to suggest that those aspects of speech lateralisation
measured by DL may be environmentally determined. Also, be-
lief in the importance of environmental factors in affecting
hemispheric dominance is reflected in the speculation that
Western thought is very left-hemisphere dominant (e.g., verbal,
mathematical), while Eastern thought is believed to be primarily
right hemisphere dominant (McLuhan, 1977; Ormstein, 1972).

An indication of the left hemisphere bias of our Western
culture may well be the frequency with which Western psycholo-
gical science has endeavoured to experimentally investigate
left hemisphere, compared to right hemisphere, functioning.

An overwhelming majority of studies of hemisphere functioning *
.uncovered by the present reviewer (i.e., the number of studies
reviewed in the literature review sections on left and right
hemisphere functioning) have investigated processes mediated
by the left, rather than right hemisphere. Anatomical studies
also reflect this bias: € studies have been cited that investi-
gated anatomical differences in the planun temporale of each
hemisphere, in contrast to one study exploring anatomical
asymmetries in non-speech regions. (McRae et. al., 1968).

In fact this latter study that might have implications for
non-language dominance has instead been linked to left hemis-~
phere planum temporale size (Geschwind, 1974), and no consider-
ation was made of this finding in terms of right hemisphere
specialization. ‘

The fact that experimental investigation of left hemisphere
-functioning has more consistently suggested a left hemisphere
dominance for the processing of verbal material than a right
hemisphere superiority for non-verbal material (see relevant
sections of current review) may also be a reflection of the
left hemisphere emphasis in our culture: the right hemisphere
may in fact not be as specialized in its functioning than the
left¥ hemisphere, and this situation may in turn be a product
of a relative de-emphasis of functions mediated predominantly
by the right hemisphere. f the environment does play a2 major
role in influencing the degree of hemispheric specialization,
one might sveculate that individuals engaged in occupations
that emphasize skills mediated by the left hemisphere may differ
in their degree of hemisphere specialization from individuals
whose occupations emphasize right hemisphere functions (of course
one could still argue that a constitutional factor promoting left

/continued ...
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90 (Cont'd). or right hemisphere specialization would predis-
pose an individual to select an occupation that emphasizes the
relevant left or right hemisphere skills). In this regard
Dumas and Morgan (1975) did not find any differences in EEG
activity in artists (assumed to be right hemisphere users) vs.
engineers (assumed to be left hemisphere usersj.

The left hemisphere bias is also apparent in the early
clinical research perfaining to cerebral dominance. A great
deal of effort was directed toward validating the suggestions
of Dax and Broca that language was primarily a left hemisphere
function (see references to history of the study of brain-
behaviour relationships cited in the introduction and notes).
The successful demonstration that such was the case lead to
theories cof left hemisrhere dominancefor all cognitive pro-
cessing. Even when it was recognized that the right hemis-
phere may be specialized to handle certain types cf non-verbal
information, the fact that the 1le¥t hemisphere has been estab-
lished as the hemisphere dominant for language processing
continues te cause writers. to refer to this hemisphere as. the
"major" hemisphere, the hemisphere non-dominant for language
(but possibly ‘dominant for non-verbal functioning) as the "minor®
hemisphere (e.g., Lezak, 1976; Moscoviteh, l975§. The present
reviewer in fact has adopted the conventional terminclogy by
employing the terms "major" and "dominant" for the hemisphere
dominant for the processing of language.

Perhaps the tendency to select the right ear in a free
choice listening situation (e.g., when either ear can be
selected to listen to sounds - Groden, 1969; Sinclair, 1268,
1971) is also related to greater dependence on left hemisphere
functioning in our sociefty. The right ear has a greater re-
presentation of auditory fibers in the left (language domin-
ant) hemisphere compared to the ipsilateral hemisphere (Rosen-
zeig, 1951, see later main Text section on DL as a measure of
cerebral dominance). Thus the right ear may tend to be more
readily selected because a greater number of ifs auditory
fibers has more immediate access to the left hemisphere than
does the left ear.

Lenneberg (1969) also discussed the environment-heredity
inferaction in language development.

91 As implied earlier (e.g., See notes 65 and 79), some
authors even believe that the right hemisphere possesses
considerable potential to assume language functioning beyond
this age (e.g., Fromkin et.al., 1974; Gazzaniga, 1974;
Krashen, 1973a, in press; Moscovitch, 1973).

92 Brown and Jaffe (1975) and Kinsbourne (1974) suggested
that receptive speech lateralization may develop at a slower
pace than expressive speech laterazlization, and may even
contirnue to increase throughout life. ZEvidence interpreted
as unfavourable to the hypothesis has been offered by Blumstein
et. al. (1875) and Cooper and Lauritsen (1974). Also, if this

/continued ...
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92 (Cont'd).
before receptive speech ir development, z
is not.supported by what actually occurs in

othesis were true, one would expect expressive

developmen Besides arguing that receptive language special-

ization may ircrease throughout life, Brown and Jaffe (1975,
and Brown & Hetaen, 1976 .as well) also suggested that general
specialization within the left hemisphere may continue to.
develop throughout much of the life span.

95 Bryden and Allard (in press) reported another study
finding a REA on DL for digits in 6 - 15 yr. olds (Ling, A.
Dichotic listering in hearing impaired children. Journal of
Speech and Hearing Research, 1971, 14, 793-80C3).

94 Dorman and Geffner (1974) also reported that a REA in
all groups was found in a study of S yr. and 7 yr. black and
white children (Sadick, T.-Dept. of Behavioural Sciences, U.
of Connecticut, doctoral dissertion in preparation). Berlin
and Cullen (in press) cited findings of a REA in 7 - 15 vr.
0lds even if the right ear input is delayed (Mirabile, P.
Dichetic lag effect and right ear advantage in children 7
to 15. Master's thesis, U. of Orleans, Dept. of Psychology,
New Orleans, La., 1975). | .. .

95 According to Brunt and Goetzinger (1968), this finding
was noted in unpublished studies by Brunt and MyricR.on the
Katz dichotic words (SSW) test.

96. Bryden and Allard (in press) cited a stidy (Bever, T.
The nature of cerebral dominance in speech behavior of the
child and adult. In R. Huxley & E. Ingram, Eds., Langgage
Acouisition: MNModels and Methods. London: Academic Press.
1971) that found a REA in a sample of 195 2% - 5% yr. old
children. Witelson (1975) cited findings of ear asymmetries
even in-infancy on an adaptation of DL (Entus, A. Hemisphere
asymmetries for processing of dichotically presented speech
and non-speech sounds by infants. Abstract presented at the

Society for Research in Child Development, Denver, Apr., 1975).

Levy (in press) described a study employing dishabjituation -of
nonnutritive sucking as a behavioural measure of discrimin-
ation which found that very young babies discriminated con-
sonant-vowel syllables better with their right ears and .
musical melodies better with their left ears, slso on an -
adaptation of DL (Entus, A. & Corballis, M. Hemispheric

asymretry in processing of speech and nonspeech sounds by
infants, submitted for publication).

97 Sobotka, K. Neuropsychological and neurophysiclogical
. correlates of reading disability. Unpublished master's thesis

(Psychology), University of New Orleans, New Orleans, La.,
1974, ' :
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o
98 For a general discussion of the relationship between
handedness and hemisphere functioning, refer to Beaumont
(1874) and Levy (1974). Genetic models of handedness have
been formulated by Levy (1969), Levy & Nagylaki (1972) and
Annett (1964). A discussion of pathological handedness is
offered. by Satz (1972, 1973).

N

99 Close inspection of the age curves presented by

Bryden (1970) suggested that the adult pattern was not
achieved in either sex oup until grade 6. AT grade 2,
figure 1 of the Bryden %§9?O) article suggested that c. 53%
0f right-handed giris identified more digits presented tc¢
the right ear compared to c. 57% of the boys; at grade 4,
the number of girls exhibiting a REA declined to 55% while
the number of grade 4 boys exhibiting a REAL increased (c.
63%) and surpassed the percentage exhibited in grade % girls.
By grade 6 both sex groups exhibited REA at a high percentage
level (c. 73% for both groups). Statistical analysis sug-
gested an overall REA for both the right handed becys and
girls, but Bryden (19709 d&id not report further statistical
analysis of the percentage of subjects exhibiting ear super-
ilorities at each age level, either for all right-handed
subjects or for boys and girls separately (failure to do so
makes it necessary for the reader to resort to visual in-
spection of his figure 1 To detect age trends in differential
performance of the 2 ears in boys and girls). Althoughk
Bryden (1970) left the point completely unclear (e.g., in his
discussion, Bryden, 1970, referred to figure 1, which dealt
with data uncorrected for ear order of report and made no
specific reference to the data corrected for order of report
he presented in an earlier section), one can only surmise
that Bryden (1970C) arrived at the statement quoted in the
main text on the basis of his data corrected for ear order
of report (calculation of mean score for each ear for those
trials where all numbers were reported from a particular ear
before any .numbers were reported from the second ear; an average
cf these means was determined for each ear to supply ear score
independent of ear order of report). Using this method,
Bryden (1970) stated that 73% of right-handed girls in grades
4 and 6 were right ear dominant, while 65% of the right-handed
boys in grades 4 and € exhibited such a pattern. Again
Bryden (1970) failed to report more specific data (e.g.,
specific percentages at grade 4 vs. grade 6 for boys and girls)
nor any additional statistical analysis to deftermine the ex-
tent of the difference at the two age levels. The omission
becomes even more serious as one realizes that Bryden (1970)
attempted to reconcile his findings with the data 6f Kimura
E1965§ in terms of the different scoring methods employed

i.e., Kimura, 1963, utilized mean number of digits identified
in each ear for all subjects of a particular age and sex group;
Bryden, 1970 used number of subjects exhibiting a REA or LEA).

/continued ...
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99 (Cont'd) A REA was noted by Kimura (1963) at age %, with
little variation in the older groups (5-9 yr.). Any change
that did occur was in the direction of a smaller REA for older
grade levels. Bryden (1970) noted that overall periormance, -
and particularly performance on the second ear reported, in-
creased with age (see Inglis & Sykes, 1967). Bryden (1970)
implied that Kimura (1965) failed to demonstrate an increas-
ing ear dominance with age because of the tendency of the
second ear to improve with age. Presumably, Bryden (1970) be-
lieved that his method of classifying his data (percentage

of subjects showing a particular ear dominance) remains re-
latively unaffected by such tendencies and is a better Daro-
meter of the development of ear asymmetries in children of
different age levels. Eimura (19635) provided an analogous
explanation for the decrease’ she observed in ear differences
in the older child: she suggested this pattern was a result
of a ceiling effect, the higher total score achieved providing
less opportunity for differences between ears to continue to
manifest themselves. This factor presumably wculd explain the
fact that in older children the second ear tended to reduce
the difference in performance between itself and the first

ear reported. Geffner and Hochberg (1971) have also noted
that the degree of REA on a dichotic digit task was greatest
in 4 year olds and seemed to decrease with age until 1t
levelled off at age 7 (but see discusion in Chapter IV of this
data and the findings of Knox and Kimura, 1970)

Possible age changes in the performance of the second ear
reported (the left ear in this case) and its possible effect
on overall asymmetries, as well as the two methods of measuring
ear differences, have been closely examined because of the
effects such age changes and scoring procedures may have in
reconciling the discrepancies between the data of Bryden (1970)
and those of Kimura (1963, 1967) and Knox and Kimura (1970).

In regard to the age trend, Brunt and Goetzinger (1968)
also cited unpublished studies (Brunt, 1962; Myrick, 1965)
which revealed z REA for dichotic recognition of words in
6 - 10 year o0ld children, but which also showed that by age
12 and cider, only a very slight laterality effect was ob-
served.

In regard to the measurement procedure employed, it is of
interest to note that one could draw different conclusions
from the DI data of Berlin et. al. (1973) and Witelson and
Rabinoviteh (1972) in children and from the data of Bryden
‘and Allard (1976) in adults on tachistoscopic recogniftion
of letters presented in varying typeface, depending upon
whether one chose to emphasize group mean number of ifems
correctly identified per ear or total number of subjects ex-
hibiting a REA. On a single syllable identification task,
Berlin et. al. (1973%) focused on the mean number of ifems
identified and concluded that the REAL was present and essenti-
ally permanently established by 5 years of age. However,
brief reference was also made to the number of subjects

' /continued ...
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99 (Cont'd). exhibiting & REA. If one chose to emphasize
the pattern suggested bY this latter data, one might conclude
that the REA catinued to become more pronounced until perhaps
9 years of age (since 16 of 30 > yT. olds, 21 of 30 7 yr.
olds-and 23 of 30 9 yr. olds exhibited a right ear score

of atr least two items greatern than that exhibited by the

left ear). Though only & non-significant REA appeared in

the 9 - 11 yr. olds studied by Witelson and Rabinovitceh
(1972) on 2- and 3-pair digit sets presented at three
different presentation rates, significantly more subjects
jdentified more digits presented at the right vs. left ear
(17 vs. 7). Bryden and Ailard (1976) also noted signific-
antly more subjects oxhibising a RVF vs.LVF advantage (17

vs. 6), despite analysis of wvariance yeilding nc significant
visual field effects for number of items identified.

Other wsys of treating dota obtained on DL have been Sug-
gestsd . by Harshman and Krashen (1972), Kuhn'(1973),
Marshall, Caplan and Holmes (1975), Richardson (1976) and
Studdert—Kennedy and Shankweiler (1970). '

100 Darby, R. & Satz, F. Developmental dyslexiza, 2
possible lag mechanism. Unpublished lMaster's thesis,
University of Florida, 1875. '

101 Gardiner, M. FPaper presented at the Lateralization .
Symposium for Neurosciences, New Jersey Chapter, Rutgers Medical
Sehool, 1975 (%o be published in S. Harnad, R. Doby, L. Golstein,
J. Jaynes & G. Erauthaner (Eds.), Lateralization in the Nervous
Svstem. New York: Leademic Press, 1977)3 WMolfese, D., free-
man, R. & Palermo, D. . The ontogency of brain lateralization
for speéch and non-speech stimuli. Brazin & Language, 1975,

2_3 556"568- '

102 Molfese, D. Cerebral asymmetry in infants, children
and adults: auditory evoked responses to speech and noise
stimuli. An abstract of a thesis in psychology, Pennsylvania
State University, 1972.- ‘

103 Some writers argue that the hypothesis that,in com-
parison tosjgmales, males possess a left hemisphere more ex-
tensively tialized for speech and language, should continue
£o be entertained (Bryden 1976b, 1978; Lake & Bryden, 1976;
McGlone, in press). The data cited by Bryden to support this
argument is drawn for the most part from research not employ-
ing DL (research in adults has found no sex effect in adults
on DL, e-g., lcGlone & Davidson, 1973). Examples of evidence
of possibly greater left hemisphere language specialization
in adult males include LEM (Bekan, 1971; Weitan & Etaugh 1974a),
V¥ (Hannay & Malone 1976ab; Marcel, Katz & Smith,‘l974§, and
distribution of handedness (Thompson & Marsh, 1976) studies,
but other research has been contradictory and ambiguous (e.g-,

) /continued ...
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1035 (Cont'd) : :

Harnay, 1976). Most cerebral dominance research in normal
populations has either utilized only male or female samples,
or else has combined such data for further analysis because
of preliminary analysis yielding similar results in males
and females (e.g., Bryden, l965§. '

104. One study that Knox and Kimura (1970) cited in
their discussion (Ghent, 1961) did report a sex difference
(greater left thumb pressure sensitivity at age 6 in females,
but not until age 1l in males), as did Kimura, 1963 (9 yr.
old females, but not males, show superior left thumb sensitivity)
and Kimura(1963) raised the possibility that this sensitivity
nay indicate the presence of right hemisphere dominance by this
age. However, the data of Ghent (1961) and the supportive
evidence of Kimura (1963) suggested that this type of functicn
attains specialization in the right hemisphere earlier for
girls, while Enox & Kimura (1970) suggested that right hemis-
phere specialization for environmental sounds may appear at
an earlier age for bovs:

This contradiction is resclvabdle by referring tec the first
experiment of Enox and Kimura (1970) where girls actually
exhibited a LEA for non~verbal (environmental) sound idemtifi—
cation at an earlier age than boys. Unfortunately the resol-
ution of this contradiction creates another conflict: the
interpretation that girls exhibit right hemisphere specializ-
ation earlier than boys (at least for non-verbal anditory in-
formation) does not accord with data about to be cited in the
main text and the next note thatb suggested that males exhibis-
2 left hand tactual identification superiority at an earlier

_“age than females, or that the adult male rerformssmore effic-
lently on visuo-spatial tasks (since visuo-spatial analysis
Seels to be predominantily a right hemisphere mediated function
in the adult), unless one wishes to argue that in later child-
hood and adulthood males catch up to and surpass females in
degree of right hemisphere Specialization for visuo-spatial
material or that visual-spatial and non-verbal auditory pro- -
cesses engage separate aspects of hemisphere specialization.

A distinction should be mede between gge of onset of
lateralization and degree of lateralization (see Lzke & Bryden,
1976). Thus lateralization may or may not begin to occur at
different ages in each sex, bub degree of lateralization in
adulthood may be unrelated to the time of onset in childhood
(e.g., degree of lateralization for either sex may not differ
once lateralization is fully established in each sex).

105 Cerebral dominance research in normal (reaction time
Bowers & Heilman, 1976; Bryden, 197€a; Harshman & Remington,
submitted; Ximura, 1969; McGlone & Davidson, 1973) and brain-
damaged individuals (Harshman & Remington, submitted; Lansdell,
19685 McGlone, in press; McGlone & Kertesz, 1973) has lead %o
the suggestion right hemjsphere speciglization for visual-
spatial information may be greater in\males than females. Such

' /continued ...
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(105 Cont'd.)
results support the hypothesis that both hemispheres of fe-
males are less lateralized than males (Harshman and Remington,
submitted), an hypothesis Levy (1972) adopted to explain the,
fact that females perform significantly poorer than males on

a variety of 'spatial tests (Levy, 1972 cited Porteus, 1967

and Smith, 1967). It should be noted though that no sex dif-
ferences have occurred in EEG hemisphere activity on verbal

vS. non-verbal tasks (Morgan et. al., 1974) and that results
g%;&)evoked potentials have been contradictory (Dustman et.al.,

However,the purported male superiority on visual-spatial
tasks has also been attributed to a completely opposite neuro-
psychological organization. Marshall (1973) outlined the
Buffery-Gray hypothesis (Buffery, A. & Gray, J. Sex differences
in the development of spatisl and linguistic skills. In C.
Ounsted & D. Taylor (Eds.), Gender Differences: their Ontogeny
and Significance. Edinburgh: Churchill Livingstone, 19/2) as
Tollows: in.contrast to females, males possess a relatively
bilateral representation for visuo-spatial abilities; the
nale's superiority on visuo-spatial tasks is explained in
terms of the bilateral representation providing the most
efficient neurolegical organization for high level wvisuo-
spatial skills.

Additional evidence forsex differences in skills that may
be related to sex differences in cerebral dominance has been
cited by Buffery, 1974 {(e.g., Buifery & Gray, 1972; Hutt, 1972:
Taylor, 1969).

106 Chalfant and Scheffelin (1969) have prepared an
extensive review oI research relevant to an understanding of
language behaviour and language discorders in children.

!107, Mach, E. - The Analvsis of Sensaticns (Trans. by
C. Williams, revised by S. Waterlow) London: Open Court,
1914,

108 DMoney (1962) described developmental. gyslexia as a
term applicable to a child who is unzble to I%arn to read at
a normal rate despifte rormal intelligence, intact senses,-
proper instruction znd normal motivaticrn: a history of brain
injury is seldom present. DPost-traumatic dyslexia is applic-
able in situalions where disruption of an acgquired ability
to read occurs after brain demage (Money, 1962; Benton, 1962).
Although the exact etiology of developmental dyslexia is
not known, its possible constitutional basis is reflected in
the 1968 World Federation of Neurology definition: "a dis-
order manifested by difficulty in learning to read despite
conventionzal instruction, adecuate intelligence and socic-
cultural opportunity. It is dependent upcn fundamental cog-
nitive disabilities which are frequentliy of constitutional
origin® (Critfchley, 1972, p.l1ll). ‘



R ' APPENDIX M o 313

' . 109 The present review of the 1literature does provide
some support for the theory that "the hemisphere dominant for
language "controls" the minor hemisphere in'.so far asg.it may
inhibit the language ;:iféioning of the mirnor hemisphere
(see Bogen, 1969; Gazzarliga) 1967; Geschwind, 1968; Moscovitch,
1973). However the %wiew that the left hemisphere controls or

directs-all functioning of the right hemisphere clearly finds
no support in the present review. '

-

110 No reference for these two findings was provided by
Critchley (1966, 1972), but the two references presumably
are the ones in nrotes 28 and 29 of the earlier discussion of
the phi test. : '

¥

A

111 Goody, W. & Reinhold, M.  Congenital dyslexia and
asymmetry of cerebral function. 3Brain, 1961, S4, 231-242.

112 As stated by Luessenhop, Boggs, La Borwit & Walle,
1975 (Orton, S. A physiological theory of reading disability
and stuttering in children. New England Journal of Medicine,
1928, 1399, 1050 - 1052).

115 Taylor, L. Perception of digits presented to right
and left ears in children with reading difficulties. Paper
read at meeting of Canadian Psychological Association, Hamilton,
Ont., 1962. ' ™

~

114 Witelson, S. DPerception of auditory stimuli in
children with learning prablems. Unpublished M.Sec. (applied)
‘project, MeGill U., 1962. ‘

115 Dermody, P. Auditory processing factors in a dichotj
CV task. dJournal of the Acoustical Society of America, 1976,
59, suppl.T, S6- R

116 .Satz and his coworkers (Satz & Friel, 1973, 1974,
1975; Satz, Fri & Rudegeair, 1974) have provided longitudinal
review (1, 2,(3 and 4 yr. follow-ups) on one sample and 3 yr.
cross-validational follow-up on a different sample of child-
'ren in terms of the validity of a developmental neuropsycholo- -
gical test battery to forecast reading disability. The test
battery was gderived on the basis of their theory of left
hemisphere dievelopmental lag. Performance on DL was only
cne of sevendal predicter variables employed; DL might be®
. profitably cembined with other predictor variables as well

e.g., measulres empl?zgg'by Rourke & Orr, 1877).

117 In,dddition to the articles cited in the main text,
detai iscussion of reading ability, laterality amnd
neurological asymmetry has been provided by Kershner and
Kershner (1973), Kershner (1975) and Kinsbourne (1975, 1976).
T : . - /continued ...
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117 (Cont'd). ' ' <.
4 research program described by unrke/?r97§;, utilizing v
a2 wide variefy of measures and based on a/model of brain- R

behaviour relationships described by Reitan (1966), has
implicated the role of impaired cerebPal fin¢tioning in
learning disabilities. ' (Rourke, 1976ab; Rounke & Telegdy,
1971; Rourke, Yourg & Flewelling, 1971; Rourke, Yanni, ~
MacDonald & Young, 1975; Rourke & Finlayson, 1975, in press).

118 Bakker et. al. (1973) also referred to a study
that revealed a two yr. lag in the development of this
pattern of ear asymmetries in 9 - 10 and 11 - 13 yr. old
dyslexics: such children revealed an ear asymmetry pattern
very similar to the 7 - 8§ and 9 - 11 yr. olds respectively
of the study of Bakker et. al., 1975 (Bakker, D. Hemis-.
pheric specializa%ion and svages in the learning to read
process. Bulletin of the Orton Societv, 1973, in press).

A

O DMilner (1971 cited clinical data from her student
(Corsi) that suggested a left hemisphere dominance for re-
tention of digit sequences: in four subgroups differing in
extent of hippocampus removed, greater deficit occurred on
Hebb's digit sequence task after left, compared to right,
temporal lobectomy, with the deficit being propertional -
to the extent of hippocampus removed (no differences among
the subgroups on ordinary digit span or on non-recurring
digit sequence). : .

120 1.e., the right ear would have more direct access
©o the left hemisphere, the hemisphere dominant for language
and temporal analysis. . J

121 As noted previously, Kimura (1967) reported that
monaural presentation of gigits without any requirement of
reporting in proper sequence failed to elicit significant
gar differences, even when digits were rapidly zlternated

_between the ears. The model offered by Kimura (1967) to

explain ear asymmebtries on DL considered the direct compet-
ition of the two auditory input fibers that results from
simultaneous presentation of input to both ears as crucial
in contributing to ear asymmetries (see later section in main
text on DL).

122 Even younger if the results in 3 yr. olds (Ingram,
1975; Nagafuchi, 1970; Piazza, 1977) and infants (Entus,
1975; Ertus & Corballis, in press - see note 96) and cer-
tain interpretations of clinical cbservations (e.g., Annett,
1973; Rudel et. al., 1974) are accepted. °

? &



ADPENDIX. M . 315

1235 In this vein, employment of VF and DL technigues
in the.same populations have lead to the suggestion that
these two measures are tapping different aspects of cere-
bral dominance (Bryden, 1965, 1973;. Higenbottam, 1973;
Zurif & Bryden, 1969) because of the low coxrelation noted
between the two tests. In contrast Hines and Satz (1974) have
reported a significant correlation. between the tests. One
might also wish to refer to lafter discussicn of the hypotheses
of different experimental measures, and even different DL
tasks, measuring different aspects of cerebral dominance
(Brown & Jaffe, 1975; Porter & Berlin, 1975), and that
even a particular method of reflecting ear asymmetries may
be reflecting a slightly different aspect of a particular
type of left hemisphere dominance. '

124 Dichotic¢ and monaural tasks were administered To
the same subjects in one of the experiments (7 yr. olds)
reported by Bakker et. al. (1973). Though low ear asymmetries
on DL were felt to be assoclated with high reading scores,
reading skills did nov differ significantly for subjects ex-
hibiting low vs. larger ear asymmetries. DL was not employed
in the second (8 - § yr. olds) or third (7 -~ 11 yr. olds)
experiment. . HEence developmental comparisons of performance
-on the two tasks was not possible. The DI task also consisted
of presentation of digits at the rate of one pair per sec.,
which differs from the rate of presentation of one pair of
digits per ¥%/sec. in the majority of the studies reporting
ear differences at relatively young age levels. Hence even
comparison of the performance of the 7 yr. olds in the Bakker
et. al. (1973) study on the two listening tasks would permit
- statements pertaining only To DL performance with one sec.
presentation rates in relation to the Bakker Type of ML task.

125 Zurif and Carson (1970) have noted that dyslexics
(grade 4 age level) were poorer in the analysis of auditory
temporal Information than were normal readers. It was suggested
that an explarnation of developmental dyslexia in relation to
difficulties in ftempcral analysis within a given sense modality
1s more parsimonious than an explanation in terms of a ¢
maburational lag in the capaclty to assimilate multimodal in-
formation (Birch & Belmont, 1964). The implication is that
lefv hemisphere specialization. for’language may occur in the
young child before the temporal aspects of language beconme
important; the explanation would conflict with the hypothesis
that the basis for left hemisphere language specialization is
specialization for temporal analysis (as suggested by Bosshardt
& Hormann, 1975; Halperin et. al., 1973; Papcun et. al., 1974;
Robinson & Solomon, 1974). .
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1296 Sussman and MacNeilage (1975b) also have cited re-
search that showed an absence in stutterers of the normal
REA on DL for speeck input (Perrirn, K. An examination of
ear preference for speech and non-speech stimuli in a stutter-
ing population. Ph.D. thesis, Stanford University, 1969).

127 Gruber and Powell (19743 noted +that both normal and
stutterer groups failed to exhibit an ear asymmetry.

128 Dorman and Porter (1975) =also noted a study that
found no differences between adult stutterers and controls
on DL (Quinn, P. Stuttering, cerebral dominance and the
dichotic word test. DMedical Journal of Australia, 1972, 2,
639-643). .

129 Clinical observations of cerebral dominance in
stuttérers assessed by sodium amytal injection are also
contradictory. Support for the hypothesis that cerebral
- dominance for speech is fiot well established in stutterers
 is provided by Jomes (1966). Carotid amytal injection in
either hemisphere induced an equal degree of dysphasia in
four patients prior to infracranial surgery for a tumour or
aneurysm. Following surgical intervention the stuttering
ceased in all four cases. At the same time, dysphasia now
tended to occur to a much greater extent during amytal in-
jection to the hemisphere opposite the lesion %three subjects -
lesion on left, one subject — lesion on right). Thus the
results of this study suggested that cerebral dominance for
speech may not be well established and that the establish-
ment of a2 greater degree of dominance 1s associated with a
cessation of stuttering. Chase (1972) has also cited a
reference that has described various attempts To relate
stuttering to language .laterality as assessed by handedness
(Bloodstein, O. A Handbook on Stuttering for Professional
Workers. Chicago: National soclety for Crippled Children
and Adults, 1959).

However, the hypothesis was not supported in the public~
ation pf Iuessenhop et. al (1973). Sodium amytal testing
in three chronic stutterers revealed lelv hemisphere domin-
ance ‘for language. These researchers also cited a study in-
volving four stutterers that also revealed unilateral hemis-—
phere dominance for speech (Andrews, G., Quinn, P. & Sorby,
W. Stuttering: an investigation intc cerebral dominance
for speech. dJournal of Neurological and Neurosur ical Psy-
chiatry, 1972, 355, 4l4—41i8). uessenhop et. al. (1Y/5) con-
cluded that mixed speech dominance is not uniformly present
in adult stutterers.

-

130 One might also be critical of an experimental pro-
cedure that expects stutiterers to identify material ver-
bally because of their problem in expressive speech. It
is generally agreed that in a normal population expressive

' /continued ...
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130 (Cont'd)- speech.is controlled by the left hemisphere

and that the verbal identification of material presented to
either ear would have to occur through the left hemisphere,
regardless of the main site of reception and analysis of
speech input; hence any differences in ear asymmetries on DL

in normal population samples revealed through a verbal identi-
fication procedure is atbtributable to factors other than the
verbal identification requirement of the task. However, any
assumption of the presence of a normal left hemisphere special-
ization for expressive speech would be too tenuous an assullp-
tion in a population whose specific difficulty lies in express-
ive speech. Hence the DL studies with. stutterers cited in the
main text can be criticized for failing to utilize a recognition
procedure instead of (or in addition to) the identification
procedure employed, the failure thereby confounding receptive
vs. expressive speech site abnormality variables in stutterers.

131 Sussman and MacNeilage (1975b) cited eight eaxly
EEG studies that pravided some support to the hypothesis of
mixed cerebral dominance in stutterer populations.

132 Although this study was obviously poorly designed,
Jones and Spreen (1967) is cited here because of the paucity
of studies in the literature investigating cerebral domin-
ance in these types of children. Another weakmess of this
particular piece of research is the failure to administer a
standard IQ test to all children investigated. The 13 tests
zdministered were not specified, and one would strongly sus-
pect that IQ data was obtained from any of a variety of 1IQ
tests administered indepedently of the research by several
different testers.

133 A paper appeared (Briggs & Nebes, 1976) after the
data for the present research was gatheréd that speculated
that, in view of the fact that intellectual deficits are
associated with left-handedness (paper in preparation by
Briggs, Nebes & Kinsbourne cited), a relationship nmay exist
between ear differences on DL and intellectual level (pre-
sumably also comsidering their finding of a non-significant
BEA in left-handers for identification of digits on DL vs.
a significant REA for right- .and mixed-handed subjects).

154 After the data had been gathered for the current
thesis research, three studies appeared that failed to
obtain differences in degree of ear asymmetries on DL
(syllables) in young children from différent soclio-Bconomic
levels. Significant REA of equal magnitude was found in &
‘wr. o0ld black and white children (Dorman & Geffner, 1974,

L yr. 0ld males (Geffner & Dorman, 1976) from either middle

or low socio-economic classes, and 3-5 yr. olds from mainly

non-professional backgrounds CIngram, 1975). One study that

appeared subsequent tc data-gathering that did find differences
: : g /continued ...
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134 (Cont'd). was Borowy, 1974 (significantly less extensive
REA in 5 - 11 yr. olds from "lower' class).

135 See Richardson and Knights (1970) for an extensive
bibliography of DL publications.

156 DBoccea, E., Calaero, C. Cassinari, Y. & Migliavasca,
F. Testing "cortical” hearing in temporal lobe tumours. Acta
Oto-larvangology, 1955, 15, 289-304.

/ 157 Singha, F. The role of the temporal lobe in hearing.
Master's thesis, McGill University, 1S59.

158 The percentages of left and right handens exhibiting
were roughly equivalent in the study of Satz et. al.,
1965 (88.5% of the right handers, 73.2% of the left handers).
However the percentages reported bty Bryden (1965) seemed %o
deviate significantly from the percentages noted by Branch
et. al. (1964): 65% of the right handers (13,0f 20) and 35%
of the left handers (7 of 20) identified more digits presented
to the right ear than digits presented to the left ear.
Although Bryden and Allard (in press) and Bryden (1975)
~have also sfated that many studies have found the percentage
-0f right handed adults exhibiting a REA to fall in the 80's,
many of the studies reviewed by the present author have
yielded nmuch lower percentages (see discussion in Chapter IV).

138 Kimura (1961) actually found left hemisphere lesions
T0 depress scores on both ears, right hemisphere lesions to
impair performance only at the contralateral ear.

140 As indicated by the suppression on DL. of the ear
contralateral to the site of damage in temporal lesion pat-
ients and "release from suppression” in hemispherectomies
(Berlin et. al., 1973b stated that hemispherectomized sub-—
Jjects show almost 100% correct performance in the ipsilateral
ear). Such refinements may provide a means of integrating.
These models of DL performance and the functional lateraliz-
ation model of Moscovitch (1973) and related speculations by
Geschwind (1968, 1S89) and Bogen (1969), among others.

-~ An alternate explanation offered by Kinsbourne (1974) for
performance on DL after hemisphere lesions is an attentional
shift to the receptive field contralateral to the intact
hemiﬁphere (see subsection 5e0f section E of literature re- fﬁaé;“
view). .

. £
141l The models belng considered here have been formulated
specifically to explain performance on DL. In regard to
reaction time differences to material presented to each ear,
the observation of Gordon (1975) of faster verbal reaction
Time to simple words presented to the right ear (momaurally)
' /continued ...
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141 (Cont'd). of callosectomized subjects (therefore, per-
formance of the right and left ear reflected performance by
contralateral and ipsilateral pathways, respectively) led
him to question an explanation of such ear performance asym-
metries in terms of callosal transmission time.

142 Berlin and Cullen (in press) have discussed the in- '
fluence of the rfollowing factors on DL performance with
speech material: acoustic variables (intensity, signal-
to-nolse ratio, freguency, bandwidth, time relationships,
phase, phonetic effects), subject variables (reliability
with a particular subject, age, sex, performance of clinical ’
samples) and stimulus variables (syllables vs. digits,
synthetic vs. natural syllables, scoring of data).

145 Bartz et. al (1967ab); Bryden (1963) and Satz, et.al.
(19675, all referred to earlier in this section; in addition -
Bartz, W., Satz. P. & Fennell, Proceeding of the American
Psvychological Association, 1966; Broadbent, U. & Gregory, M.

Quarteriy Journal of kxperimental Psychology, 1964, 16, 309
Cooper, A., Achenbach, K., batz, P. & Levy, M., Psvchonomic
Science, 1967, 24, 97. Unpublished work of K. Achenbach was
also cited by Satz (1968).

144 The present reviewer has not been able to uncover
any direct reference by Xipura herself to the nature of the
predictlion of degree of ear asymmetries with increasing S-R
time delay that would be provided by her. own perceptual model.
Howgwes, a third prediction seemsjzas plausible to the present
reviewen than either of the two pgedictions Jjust cited in the
main tex¥: I1f decreases in ear performance are identical in
the two kars whatever the time delays, one might very well
expect dn Iincrease in relative performance advantage of the
right e#r with greatver time delays. Because optimal per-
formance levels of both ears would be expected for the O sec.
delay fondition with a monotonic reduction in the performance
of both ears with increasing time delays, the REA may assume
an even greater degree of statistical significance as the
l;gzr ilevels of performance are approached (i.e., one might
expect a REA of five in the context. of a large total score to
perhaps assume a lower degree of statistical significance

Schan a REA of five in the context of a lower or very low

total score). Scoring procedures that consider differences
in overall accuracy have been suggested (e.g., Harshman &
Krashen, 1972; Studdert-Kennedy & Shankweiler, 1970).
Certainly further development of some sort of statistical
model that would provide for any different variance estimaztors
That might be reguired irn the context of significantly dif-
ferent total scores will contribute to a better formulation
of such predictions.

Although the present reviewer has not found any direct
reference by Kimura herself to the nature of the prediction

/continued ...
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144 (Cont'd). of degree of ear asymmetries with increasing
S-R time delay that would be provided by her own perceptual
model, she does make direct reference to results expected
with more difficult DL conditions. Thus Kimura (1962) stated

.that 'the hypothesis[presumably that outlined in her 196la

paper|implies that any factor which makes the task more
difficult will affect most severely those digits reported
last, that is, tnat it will affect the non-dominant channel
in Inglis' terminology" (».1S). Therefore increasing S-R
time delays would affect those digits presented to tkhe lelt
ear to a greater extent when the left ear channel is the non-
dominant channel, in the sense of left channel digits being
reported after digits are reported from the right channel
(Bartz et. al., 1967ab; Bryden, 1963).

Another difficulty irn making predictions of the effect of
time delay on pattern of ear asymmetries for dichotically
presented verbal (Nachshon & Carmon, 1973a, utilized digits)
and non-verbal (Spellacy, 1970 and Spreen et. al., 1970
used music) material is the differing nature of the memory
tasks often employed with verbal vs. non-verbal input (i.e-.,

DL of digits is usually followed by a recall procedure.,

waile DL of music typically utilizes a recognition procedure).
In fact it would appear that the "ear order of report” issue-
has relevance only tec tasks thab employ recall rather than
recognition procedures.

145 By stating that VF asymmetries are due to more direc:
access by a particular VF to the contralateral hemisphere,
Eigura (1966) implied that input to a particular VF would
have t0 reach the ipsilateral hemisphere indirectly via the
contralateral hemisphere and across the corpus callosun,
although this was not made explicit. However, in other
articles discussing auditory asymnetries, Kimura (196lab, 1S67)
made no reference to corpus callosum transmission of inform—
ation and does not irnclude such transmission pathways in her
model to explain such asymmetries (as pointed out by Sparks
& Geschwind, 1968 and Sparks, Goodglass & Nickel, 1970ab as
part of their criticism of the Kimura model).

146 The concept of attention is obviously the common
element in the positions of Inglis, Oxbury, Treisman and Kins-
bourne. However, the difference lies in the explanation of the
level where attention is crucial. For Inglis and Oxbury,
attention affects reproduction and retrieval, not reception
or perception; for Treisman and Kinsbourne, attention operates
on incoming stimuli, and therefore affects reception and per-
ception of material. - g

147 ZEimura and Durnford (1974) dismissed the bhypothesis
of Kinsbourne (1970) by noting the contradiction of an explana-
tion that ascribes differences in human perceptual fields to
/contirnued ...
—
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147 (Cont'd.) attentional Drocesses rather than functional
differences between the hemispheres, but then attributes the.
attentional bias to hemisphere differences (as indicated in-
the main text, the same sort of tautological reasoning criti-
cism applies to the explanation of Triesman & Geffen, 1968). .
However, Kimura and Duraford (1974) failed to address their
rebuttal to another aspect of the position taken by Kinsbourne
(1970): his rejection of the explanation of the effects in
terms of more efficient information transmission by the shorter

- pathway.

148 Levy (197%) cited evidence she felt supported the
Einsbourne (1970) position. HEowever the data cited supports
& prediction that is clearly opposite to any Kinsbourne (1970)
would make. "Such 2 mechanism would predict that reaction
time differences for verbal stimuli projected to the left and
right hemispheres woul® disappear if the left hemisphere were
already aroused and attentive prior to stimulus presentation”
(Levy, 19745 p. 149). “

149 DMost DL studies have employed a recall procedure with
verbal material and a recognition procedure with non-verbal
materizl; any task requirement.that can- be Enown only during
or after the presentation of the stimulus either to recogrizé
(for non-verbal material) or identify (for verbal .material)
would impose a different task demand than involved in the DL
studies cocnducted to date. Such a change in task demand would'"
provide scme difficulty in terms of interpretatiBh._ )

150" Dirks (1964) had earlier reported a REA with his own
materials (competing words) ‘and with the Kimurs digit test..
Brunt and Goetzinger (1968) noted this fact i their intro-"
duction, but in their discussion of theiz results they failed’
to refer to the discrepancy between the data of Dirks- (1964)
and their own findings. | . . R N

151  Satz (1977) has pointed out that <the error rate in
classifying individuals zas left or right hemisphere dominant .
for verbal materials on the basis of ear performance is ex-
tremely high only.when a LEA is utilized to classify individuals
as right hemisphere dominant for the analysis of that verbal
material. ; .

. N .

152 One should recall that non-supportive results do not
necessarily indicate an insénsitive instrument, but perhaps

that the left hemisphere.dominance for that material may not

be firmly estdblishéiby that agéh ' ; o

153 Although there is very little speculation in this re-
gard in the literature (which also seems to be .a reflection *
of The language mnd left hemisphere bias of research, which
in turn was related in an earier note to a possible emphasis
Co /continued ...
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153 (cont'd.) or over-—emphasis of left hemisphere mediated
activities in our Western soclety), focal right nemlisphere
damage to a critical area may also cause a transfer of the
site of‘informgtionrprocessing to the left hemisphere. Eow-
ever if thehwoothesis of Semmes (1968) is accepted, the re-

. latively more diffuse physiological and functional orgariz-

ation of fhe: right hemisphere would often require a relatively

. more extensive lesion to éffect a tramsfer of functioning
. from right to left hemisphere, in comparison to a transfer

of left hemisphere funetions to the right side. Recall

_@lso the earlier speculation that if the brain damage is not

extensive enough or not in an area that would result in trans-
fer of" the function to the opposite hemisphere, 2 specific
verbal or non-verbal intellectual deficit may be the result;
also that overall intellectual deficits may occur if language
and non-language functioning are "crowded" into the same
hemisvhere (i.e., if the damage 1s extensive enough or
strategically located so that.transfer to the opposite hemis-
phere does occur.) ‘

154 If the primary purpose had been to definitively
establish the development of the RE4A (and possibly other
perceptual asymmetries) and relate such asymmetries to

. 1eft hemisphere specialization (possibly of various kinds),

the study would have utilized muchlarger age samples and

would'have utilized several types of auditory material (e.g.,

digits, words and syllables, monaurally and dichotically.
presented, and possibly other perceptual measures); the en-
Vvironmental sounds test in 2il probability would have been
omitted.

155 TUntil the data for the current study was gathered,

‘only Ywo other developmental studies had been uncovered,
‘both utilizing the mode of touch, That investigated in-

formation-processing possibly mediated primarily by the

‘Tright hemisphere (Ghent, 1961; &imura,1963). Since the selec-

tion of DL for the present study, studies have appeared em-
ploying DL (Geffer, 1976; Piazza, 1977), the mode of touch
(Witelson, 1974, 1975, 1976,in press) and the visual modality
(Witelson, 1975).

. 156 The appropriateness of the SIT with children of sub-
average intelligence has been demonstrated by Delapa (1968)
and Eammill {1969).

157 The 5 yr. old children whose Slosson IQ fell in the
65-80 range were especiaily difficult to locate. Children
whom the teacher expected would score in this IQ range but
who obtained IQ's on the Slosson above.80 accounted for 17
of these 19 children. It was necessary to visit 14 different
kindergarten classes in order to obtair the 10 children re-
quired to £ill this particular cell, despite the written

' /continued ...
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157 (Cont'd.) ' guidelines described in appendix D presented
to kindergarten teachers to guide them in their selection

- of possible candidates. Four other childrern from special
schools (whose IQ's presumably fell below 61) did not exhibit
any speech during conversation or during administration of the
Slosson. These latter children were also eliminated from the
study- '

158 Audiometric testing was highly unreliable in the groups
of children with Slosson IQ's below 61. In the 11 yr. olds
at this IQ range three of ‘these children seemed tc be res-
ponding in a manner unrelated to the ear in which a particular
sound appeared; in the S yr. old group, six children similarly
seemed to be responding in an essentially random manner; and
in the 5 yr. old group, nine of the 10 children were respond-
ing in such a manner. Members of all other IQ groups res-
vonded appropriately.

The erratic test performers on audiometrit testing were
recvained because all children were initially screened for
absence of hearing deficits; their erratic performance was
presumably a result of their IQ level rather than because of
the presence of hearing deficits; exclusion of such children
would have left only one 5 yr. old, four 8 yr. olds and seven
11 yr. olds with IQ below 61, with little possibility of find-
ing more approprizfe subjects as all local resources had been
tapped to gather as many subjects as were studied. The pre-
sent researcher would suggest that .any undetected hearing
deficits present in the erratic responders would likely have
minimal effects on differences between age-IQ range groups
and especially on overall ear asymmetries because any hearing
deficits might be bilateral and equal in a particular subject,
or, if unilateral, likely equally distributed between the
ears across subjects in a parficular age-IQ range groups, and
especlally across the entire 90 children.

159 During the monaural familiarization phase, each sub-
Ject included in the study repeated the name of each environ-
mental sound on at least two of the three occasions that the
verbal label of the sound was supplied by the experimenter.

160 Nachshon and Carmon (1973b) have reported a higher
negative correlation between overall accuracy and degree of
ear asymmelry on more complex 4— and S5-pair digit strings
compared to 3-pair digit strings. Thus, the less complex
(3-pair) task produced greater ear asymmetries as accuracy
increased (in other words, as the distance from ceiling per-

formance level decreased) than did the more complex tasks.

161 Curry (1967, 1968) similarly utilized a verbal method
of indicating identification of environmental sounds dichoti-

cally presented to adults; both studies also noted a signifi-
cant LEA. '
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162 The fact that the more extensive familiarization
period employed ir the present study did influence overall
performance is suggested by comparison of the mean performance
of the 5 yr. olds in the present study with Siosson IQ above
90 (mean left ear score of 6.7 vs. 7.0 for right ear) with
The lower mean performance scores in the S yr. old sample of
experiment I of Knox and Kimura, 1970 (mean left ear score of
5.6 vs. 3.25 fort right ear). Perforrmance might be expected
to be slightly higher in the present research because 13 %test
pairs were -employed, compared to 12 test pairs utilized by
Knox & Kimura (19705; however this latter difference would
only account for a small portion of the higher performance
of the 5 yr. olds (Slossan IQY90) in the present study.

165 It was pointed out in the liserature review that
abnormal states of hemisphere speclalization for speech and
language have been posited for several groups (e.g., dyslexics,
stutterers), but that the evidence vertaining to the possib-
ility has been either ambiguous and contradictory or per-
taining to abnormal states of left hemisphere dominance for
language cor right hemisphere dominance for non~language (e.g..
dyslexia). The present researcher has been informed in a
personal ccmmunication (Moscovitch, 1977) that C. Rinehart
has gathered evidence to support thd hypothesis of right-
hemisphere language specialization in Down's Syndrome in-
dividuals (in a paper presénted at the annual meeting of
the Canadian Psychological Association, 1976).

164 Bryden and Allard (in press) have argued that both
measures are reguired for clear assessment of tgi processes
involved. EHowever, in an apparently contemporaneously written
carticle, Bryden (1975) utilized only mean number of digits
identified. Other methods of deriving and analysing DL sccres
have been suggested (see note 99).

165 Variations on the free recali/bropedure might also
be included to control for. different strategies that subjects
zay adopt on DL znd on other laterality measures (see Bryden, 1972
. 1977 for discussiocn of subject strategy effects in the ass—
essment of hemisphere asymmetries).

)

166 Recall the positions of Inglis (1965), Einsbourne
(1970), Oxbury et. al. (1967) and Treisman and Geffen (1968)
concerning the involvement of attention in corntributing to
the ear effect on DL. TLevy (1974) referred specifically to
the possibility that laterality differences may be determined
by the time required for z stimulus going to a hemisphere
not dominant for that type of input to alert the lower brain
center to arouse the competent hemispheres, rather than by
the time required to shift the stimulus to the dominant
hemisphere.

. /continued ...
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166 (Cont'd)

T+ has also been suggested that the Two hemispheres may
differ in basal arousal level (Bakan, 1971), or that
sttention becomes focussed in one hemisphere because of
differential lateral connections in the subcortical thalamic-
brainstenm attentional mechanisms (Sperry, 1974). Any such
lateral differences in turn may perhaps be related to any
hemisphere differences in fatigability (Dimond, 1972) and
emotional reaction (e.g., as described by Lezak, 1976) .
"Shock alsc may have differential effects. Murphy and Venabies
(1969) in their sbtudy showed that the performance of the right
and left ear does not differ when clicks are presented alone.
However, the presentation of a short electric shock before a |
click is due results in a considerable decrement in right ear
performance but little change in left ear performance.
Murphy and Vernables suggest that the hemispheres may differ
in their 1lability or in cortico-reticular interactions and
the results are in line with the investigations of the inter-
fering effetts of an additional response on a previocusly
operating response of the hands (Dimond, 1970d). Shock,
zs measured by GSR can be suppressed more effectively by
or-going verbal activity if this occurs in the right as
opposed to the left ear (3ever et. al., 1068). The response
£o shock is less during the beginning of a clause than at
its end, but this effect ismagnified To speech presented
through the right ear" (Dimond, 1972, p. 158).

Concerning the role of the tnalamus on auditery input -

"~ Je.g., ML, DL), Calaerc, 1975 (in a review of verbal tests

for diagnosis of central deafness) noted monaural test
evidence of the influence of the reticular formation on
auditory stimulation and the crossing of the audit?ry path-
WaFS - ’ ‘ 1

167 Disruption in performance on & simple—f;iZLl arith-
metic task after right (Ojemann, 1974), and dismwbtion of
object naming (Fedio & Van Buren, 1975; COjemann, 1%75) and
elicitation of spontaneous speech (Schaltenbrand, 1975)
during left, thalamus stimulation have also been noted.

Brown (1975) discussed he involvement of the thaiamus
and speculated concerming iys relationship tc the cortex
in the development of language and 1ts lateralization. Riklan
and Cooper (1975) and Ojemahn (1975) related the role of the
thalamus in language specifically to arousal and attention.
However, Van Buren (1975) concluded from his review of the
functional effects of thalamic stimulation and tkhalamic
iesions that caution is necessary in suggesting any more .
than a minor role to the dominznt thalamus-in.speech processes.
In his review of the role of The thalamus, Reitan (1996,
p.20%) similarly concluded that, though research suggests
thalamus specialization includes lateral sgecialization similar
o the corresponding hemisphere, its role Teo. 1s not as prom-
inent as is the role of the cortex.”



APPERDIX M - 328
REFERENCES

Annett, M. A model of the inheritance of handedness and

-+ cerebral dominance. Nature, 1964, 204, 59-60.

Annett, M. Laterallty of childhood hemiplegia and the
growth of speech and intelligence. Cortex, 1973, 2,
5-35. :

Bakan, P. The eyes have it., Fsychology Teoday, 1971, 4,
64_6? ] 96- -

- Bakker, D., Smink, T. & Reitsma, P. ZEar dominance and

reading ability.' Cortex, 1973, 9, 301-312.

Bartz, W., Satz, P. & Fennell, E. rouping strategles in
dichotic Xistening. Jou*n 1 of Experimental Psvchology,
1067, 74, 132-126. (a) :

Bartz, W., Satz, P., Femnell, E. & Lally, J. Heanmng;ulness
and laterality in dichotic listening. Journal of Exper-
imental Psychology, 1967, 73, 204-210. (b)

Basser, L. Hemiplegia of early cnset and the faculty cof
speech with specilal re;erence to the effects of hemis-
pherectomy- Brain, 1962, _i, 427-460. -

.Basso, A., Bisiach, E. & Faglioni, P.- The MuellervLyev

illusion in patients with unilateral brain damage.
Cortex, 1974, 10, 26-35.

Beaumont, J. Handedness and hemisphere function. In S.
D_mona & J. Beaumont (Eds.), Hemisphere Function in the
Human Brairn. New York: Halstea Press, 1974.7

Benson, D. & Weir, W. Acalculia: acquired anarithmetica.
Cortex, 19?2, 8, 465472, '

Benton, A. Dyslexia, form perception and directional sense.
.In J. Money (E4. 5- Reading Disabilitv. Baltimore: John
"Hopkins Universlty Press, 1962. '

Benton, L. Contributions. tc aphasia before Broca. Cortex,
1964, 1, 314-327.

Benton, 4. The problem of cerebral dominance. Canadian
Psychologlst, 1965, 6, 332-348.

Benton, A., Levin, H. & Varney, N. Tactile perception of
direction in normal subjects. Neurology, 1973, 23,
1248-1250.



APPENDIX M 327

Berlin, C., Lowe-Bell, S., Cullen, J., Thompson, C. & Staf-
. ford, M. Is Speech "Special"? Perhaps the temporal
lobectomy patient can tell us. Journal of the Acou362333*~\~5,
Society of America, 1972, 52, 702-705.

3 Berlin, C., Hughes, L., Lowe-Bell, S. & Berlin, E. Dichotic,
right ear advantage in children > to 13. Cortex, 1 73,
9, 394-402. (a) A }

Berlin, C., Lowe-Bell, S., Cullen, J., Thompson, C. Loovils,
C. Dichotic speech perception: an interpretation of
right-ear advantage and “emporal offset effects.. Journal
of)the Acoustical Society of America, 1973, 55, 699-709.
(b '

Berlin, C. & Cullen, J. Acoustic problems in dichetic listen-
ing tasks. In C. Berlin & J. Cullen (Ed.), Brain and
Language Development: Acoustic Problems in Dichotic
Listening Tasks. New York: Academic Press, in press.

o

Birch, H. & Belmont, L. Auditory-visual integration in
normal and retarded readers. American Journal cf Ortho-
psychiatry, 1964, 34, 852-861. i

Blakemore, C., Iversen, S. & Zangwill, 0. Brain functions
Annual Review of Psychology, 1972, 23, 413-455.

Blumstein, S. & Céoper, W. Henmispheric processing of into-
nation contours. Cortex, 1974, 10, 146-158.

~ Blumstein, S., Goodglass, E. & Tartter, V. The reliability
' of ear advantage in dichotic listening. - Brain and
_Lanme_a 1975: _2_3 22.6"256' ‘ -
Bogen, J. The other side of the brain II: an appositional
mind. Bulletin of the Los Angels Neurological Society,
1969, 3%, 135-162. -

Bogen, J. & Bogen, G. The other side of the.brain III: the
' corpus callosum and creativity. Bulletin of the Los
Angeles Neurological Society, 1960, 54, 191-220.

Bogen, J., DeZure, R., Tenhouten, W. & Marsh, .-J. The othér
.Side of the brain IV. The A/P ratio. Bulletin of the
Los Angeles Neurological Society, 1972, 37, 49-61.

Borowy, T. Developmentzal Darameters of the ear asymmetry
phenomenon: the effects of Sex, race and socioceconomic ’
class. Dissertion Abstracts International, 1974, 54
(11-B), 5668-5669. k




APPENDIX M - 328

Bosshardt, H. & Hormarn, H. Temporal precision of coding
as a basic factor of laterality effects in the reten-
tion of verbal auditory stimuli. Acta Psychologicay
1975, 39, 1-12. ¢

Bowsrs, D. & Heilman, K. Material specific hemispheric
arousal. Neuropsychologia, 1976, 14, 123-127.

Branch, C., Milner, 3. & Rasmussen, T. Intracarotid sodium
amytal for the lateralization of cerebral speech, domi-
nance. Journal of Neurosurgery, 196%, 21, 599—405:

Briggs, G. & Nebes, R. Note. The effects of handedness,
family history and sex on the performance of a dichotic
listening task. Neuroopsychologia, 1976, 14, 129-135.

" Brown, J. On the neurzl organization of language: thalamic
and cortical relationships. 3Brain and Language, 1575,
2, 18-30.

Brown, J. & Jaffe, J. Note. Hypothesis on cerebral dom-
inance. Neurcpsychologia, 1975, 15, 107-110.

f”ﬁﬁBrown, J. & Hecaen, E. Lateralization and language. represent-
ation. [Neurclogy, 1976, 26, 1835-1859.

Brunt, M. & Goetzinger, C. A study of three tests of central
function with normai hearing subjects. Cortex, 1968, &4,
288-297.

Bryden, M. Ear preference in auditery perception. Journal
of Experimental Psychclogy, 1963, 65, 103-105.

Bryden,'L. Tachistoscopic recognition, handedness and
- cerebral dominance. Neurovsychologia, 1965, 3, 1-8.

Bryden, M. Lateralify effects in dichotic listening: rela-
tions with handedness and reading ability in cHildren.
Neurcpsychologia, 1970, 8, &443-450.

"

Bryden, M. DPerceptual strategies, attention and memory in
dichotic listening. Dept. of Psychology, University of
Waterloo, Research report no. 43, 1972. -

Bryden, M. Perceptual asymmetry in vision: relation to
handedness, eyedness and speech Taterallzatlon. Cortex,
1973, 9, 418-435. |

Bryden, M. Speech lateralization in families: 2z preliminary
e Study using dichotic listening. Brain and ILanguage,
1975, 2, 201-211.

e




A Y

APPENDIX M " . 529
' 7

Brjden; M. Response bias and hemispheric differences in dot
localization. Perception and Psychophysics, 1976, 19,

Bryden, M. Sex differences in cerebral organization. Paper
presented at International Neuropsycholegy Society,
Torpnto, Febe 1976. (D)

Bryden, M. tratesy effects in the assessment of hemispheric
Y R - .
asymmetry. In G. Underwood (Ed.), Strategies of Inform-
ation Prccessing. ITondon: Academic rress, 1977.

Bryden, M.. Evidence for sex differences in cerebral organiz-

' ation. In M. Wittig & A. Petersen (Eds.), Determinants
of Sex-Related Differences in Cognitive Functioning.
New York: Academic Press, 1978.

Bryden, M. & Allard, ¥. Dichotic listening and the develop-
ment of linguisTic Dgocesses. Paper presented at the
Interrationgl KNeuropgychology Society, New Orleans, ILa.,
February, 1973. .. T ‘

Bryden, M. & Allard, F. Visuazal hemifield differences depend
on typeface. Brain and Language, 1976, 3, 191-200.

Bryden, M. & Allard, F.  Dichotic listening and the develop-
ment of linguistic processes. In M. Einsbourne
(Ed.), Hemispheric Asvmmetries of Function. Cambridge:
Cambridge University Press, in press.

Buffery, L. Asymmetrical lateralization of cerebral func-
" - Tilons and theeffects of unilateral brain surgery in
" epileptic patients. In S. Dimond & J. Beaumont (Eds.),
Hemisphere Function in the Human Brain. New York: -
Halsted Press, 1974.

Butler, S. & Norsell, U. Vocalizationr possibly initiated
by the minor hemisphere. Nature, 1968, 220, 793-794.

Galaero, C. [Verfal'teéts'of centralahdiﬁnﬁ}(fren.).
Audiology, 1975, 14, 300-311 (abstract stmmary ip.
sychological Abstracts, 1975, 54(4), 814).

Carmon, A. & Nachshon, I. F¥fects of unilateral brain damage
on perception of temporal order. Cortex, 1971, 7, #10-
o 418- . - ‘ .

. Carper, 4. &.Nachshon, -I. Ear aéymmetry in perception of
cemotional non-verbal stimuli. Acta Psychologica, 1973,

374 -351-357. (a)

s

_



APPENDIX M o 330

-

Carmon, A. & Nachshon, I. Hemifield differences in binocu-
lar fusion. -Perceptual and Motor Skills, 1973, 36
175-184%. ()

2

Chalfant, J. & Scheffelin, M. Central Processing Dvsfunc-
tions in Children, Bethesda, Md.: U:S. Dept. of
gealth, Education and Welfare, .1949.

Chase, R. Discussion of paper presented- by B. Milner. In
F. Darley & C. Milliken (Eds.), Princeton Conference on
Brain Mechanisms Underlving Speech and lLanguage (confer-
ence held Nov. 9-12, 1965). New York: Grune &
Stratton, 1967. . ) . .

Chase, R. Neurological aspects of language disorders in
children. In J. Irwin & M. Marge (Eds.), Principles of

Childhood Language Disabilities. Englewood Cliffs, N J.
Prentice Hall, 1572. \

Cohen, G."Hemispheric differences in a letter classification
task. Perception and Psychophysics, 1972, 11, 139-142.

Cooper, -W. & Lauritsen, M. Feature processin in, the percep-
tion of speech. Nature, 1974, 252 (5479), 121-123 (abs-
tract summary in DPsvchological Abstracts, 19?5,_§g,_815).

Corkin, 5. Tactually-guided maze learning in man: effects
of unilateral cortical excisions and bilateral hippo~
campal lesions. Neuropsychdlogica, 1965, 3, 339-351.

Critchley, M. Developmental Dislexia. London: Wm. Haingman-
1966 - ’ ’ - - // /f ’

Crifichley, M. The Parietal Lobe. London: Arnold, 19 9{

Critchley, M. The Dyslexic Child. London: Wm. Heineman,
1972

Cullen, J., Thompson, C., Hughes,
The effects ofvaried acoustic
in dichotic speech perceptio
1974, 1, 307-322.

., Berlin, C. & Samson, D.
Darameters on performance
tasks. Brain and Language,

Curry, F. A compazison of left-handed and right-handed
subjects on verbal and non-verbal dichotic listening
tasks. Cortex, 1967, 35, 343-352,

Curry, F. A comparison of the performances of a right
hemispherectomized subject and 25 normals on four
dichotic listening tasks. Cortex, 1968, 4, 144-153.

- SN

-



——

APPENDIX M : © 331

Dacko, W. High and low imagers and hemisphere differences
in recognition memory performance for picture and.word
imuli. Unpublished Ph.D Thesis, Faculty of Psycholoegy,
Udiversity of Ottawa, 1975. - .

Dee, H. & Van Allen, !M. .Speed of decision-making processes
in patients with unilateral cerebral disease. Archives
of Neurology, 1973, 28, 163-166.

Delapa, G. The Slosson Intelligence Test: A& screening and
retesting technique for slow learners. Journal of School
Psychology, 1968, 2, 224-225.

Dennis, M. Dissociated namiﬁg and locating of body parts
after left anterior temporal lobe resection: an experi-
mental case study. DBrain and Lawmguage, 1976, 3, 147-165.

Dennis, M. & Kohn, B. Comprehension of syntax in infantile
hemiplegics after cerebral decortication: ZLeft hemis-
phere superiority. 3Brain and Language, 1975, 2, L72-482.

Dikmen, S. & Reitan, R. ML correlates of localilzed cere-
bral lesions. Perceptual and Motor Skills, 1974, 39,
851-840. _

Dimond, S. The Double Brain. Londen: The Whitefriars
Press, 1972. i

Dimond, S. & Beaumont, J. A right hemisphere basis Ior
calculation in the human brain. Psychoromic Science,
1972 ) _Eéa . 137-158. .

Dimond, S. & Beaumont, J. Experimental studies of hemis-
phere function in the humwan brair. In S. Dimond and
J. Beaumont (Eds.), Hemisphere Function in the Human
Brain. New York: Halsted Press, 1974.

Dirks, D. Perception of dichotic and monaural verbal mater-
ial and cerebral dominance for speech. Acta Otolaryngo-
logy, 1964, 58, 75-80.

Dobrokhotova, T. & Braghina, N. [ Functional asymmetry of the
cerebral hemigpheres in psychopathological cases due to
brain lesions (Russ.). Voprosy, Psikhologii, 1974, 95-
10% (abstract summary in Psychological Abstracts, 1975,
Z: 1253)- ’ ’ :

Dorman, M. & Geffner, D. HEemispheric specialization for
Speech perception in six-year-old black and whige
childrern from low and middle socioeconomic clagg“é.
Cortex, 1974, 10, 171-176. '




APPENDIX M

W
i

Dorpan, M. & Porter, R. Hemispheric lateralization for
Speech perception in stutterers. Cortex, 1975, 11,
181-18s5. .

%

Dustman, R., Schenkenberg, T. & Beck, F. The development of
evoked response as a diagnostic and evaluation procedure.
In R. Karrer (Ed.), Developmental Psychovhvsiology of
Mental Retardation: Concepts and Studies. Springfield,
I11l1.: Chas. Thomas, 1975. :

Efron, R. & Yund, E. Dichotic competition of simultaneous
tone bursts of different frequency - I Dissociztion of
Ditch from lateralization and loudness. Neuropsyclhologia,
1974, 12, 2#9-25¢6, ' ]

Efron, R. & Tund, E. Dichotic competition of simultaneous
tone bursts of different freguency - III The effect
of stimulus parameters on Suppressicn and ear dominance. .
Neuropsychologia, 1975, 13, 151-161.

Efron, R. & Yund, E. Ear dominance and intensity independence
in the perception of dichotic chords. Journzl of the
Acoustical Societv of America, 1976, 59, 889-8¢%E.

Efron, R., Tanis, D. & Yund, E. Effects of signal intensity
and noise on the pitch mixture of dichotic chords. Journal
Of the Acoustical Society of America, 1977, €2, 618-825.

Efron, R., Dennisj M. & Yund, E. The perception of dichotic
chords by hemisphersctomized subjects. Brain and Language,

1977, &, 537-549.

Efron, R., Bogen, J. & Yund, E. Perception of dichotic chords
by normal and commissurotomized human subjects. Cortex,
1977, 13, 137-149, _ —_=

Egery, F., & Enery, M. A Choice of Futures - To Enlighten.or
Inform. Canberra, Australia: Afustralian National Unmiver—

sity, 1975. - '

Fedio, P. & Mirsky, 4. Selective intellectual deficits in
children with Temporal lobe or contrencephalic epilepsy.
Neuronsychologia, 1969, 7, 287-300.

-

Fedio, P. & Van Buren, J. Memory and berceptual deficits
during electrical stimulation in left and right thalamus
and parietal subcortex. Brain and Language, 1975,
2, 78-100.

Ferriss, G. & Dorsen, M. Agenesis of the corpus callosum.
1. _Neuropsychological studies, Cortex, 1975, 11, 95-122.

. 2



APPENDIX M 333

Fontinot, D. & Benton, A. Tactile perception of direction
in relation to hemispheric locus of lesion. Neuropsy-
_ chologia, 1971, 9, 85-88.

Fromkin, V., Krashen, S., Curtiss, S., Rigler, D. & Rigler,
M. The development of language in Genie: a case of
language acquisition beyond the "critical period." Brain
and Language, 1974, 1, 81-107.

Gardiner, H., Strub, R. & Albert, M. A unimedal deficit in
operational thinking. 3Brain and Language, 1975, 2,
555= 344 '

Gazzaniga, M. The split brain in man. Scientific American,
1967, 217, 24-29.

Gazzaniga, M. Paper read at the l4th. Internaticnal Symposium
of Neuropsychology, abstracted by E. DeRenzi & M. Plercy.
Neuropsychologia, 1969, 7, 383-386.

Gazzapiga, M. The Bisected Brain. New York: Appleton-
ntury-Croft, 1970.

Gazzaniga, M. One brain - two minds? American Scientist,
1972, &6, 511-317.

Gazzaniga, M. Cerebral dominance viewed as a decision system.
In S. Dimond & J. Beaumont, (Eds.), Hemisphere Function
in the Human Brain. New York: Halsted Press, 1974.

Gazzaniga, M. & Hillyard, S. Language and speech capacity
of the right hemisphere. Neuropsvychologia, 1971, 9,
. 273-280. ' .

Geffen, G. Development of hemispheric specialization for
speech perception. Cortex, 1976, 12, 337-346.

Geffner, D. & Dorman, M. ZHemispheric speciafization for:
speech perception in 4 gr. old children from low and
middle socio—economic classes. Cortex, 1976, 12, 71-73.

Geschwind, N. Disconnection syrndromes iz animals and man.
Brain, 1965, 88, 257-254 (part 1), 585-&44 (part II).

- Geschwind, N. Neurological foundations of language. In
H. Myklebust (Ed.), Progress in Leasrming Disabilities.
(Vol. I) New York: Grune & Stratton, l9€8. '

Geschwind, N. Problems in the anatomical ﬁnderstanding of
the aphasias. In L. Benton (Ed.), Contributions to
Clinical Neuropsychology. Chicago: Aldine, 1969.




APPENDIX M 334
Geschwind, N. The organlvatlon of language and the brain.
Solence, 1970, 170, 940-O44.

Geschw1nd, N. TLanguage and the braint Scientific American,
1972, 226, 76-85-

Geschwind, N. The anatomical basis of hemispheric differenti-
atlon. In S. Dimond & J. Beaumont (Eds.), Hemisphere
Function in the Human Brain. New York: Halsbted Press,

1974

Geschwind, N. & Levitsky, W. Human Brein: left-right asym-
metries in temporal speech region. Science, 1968, 1l6l,
186"187 - ‘ o

Ghent, L. Developmental changes in tactual thresholds on
dominant and nondominant sides. Journal cof Comparative
and Phvsiological Psychology, 1961, 5%, 670-673.

Gighnitrapani, D. Developing concepts of lateralization
of cerebral functions. Cortex, 1967, 35, 353-370.

Gilbert, C. & Bakan, P. Visual asymmetry in Dercentioﬁ of
faces. Neuroosychologia, 1973, 11, 555-362.

‘Glass, AL & égzésniga, M. Rehabilitation of aphasia using
meta-language systems. (Journal not specified on reprint
copy) . 385-394.

Godfrey, J. Perceptual difficully and the right ear advan-
tage for vowels. Brain znd Language, 1974, 1, 323~ 395

Goldman, P. Development determinants of cortical plasticity.
Acta Neurobiologica Exnerlmenuale,l972, 22, 495-511.

.Goldstein, G: The use of neuropsychological methods in
the lateralization of brain lesions. In S. Dimond &
J. Beaumont (Eds.), Hemisphere Function in the Human
Brain. New York: Halsted Press, 1974.

Goodglass, H. & Quadfasel, F. Language laterality in
left~-handed aphasics. Brain, 1954, 77, 521-347.

Gordon, E. Hemispheric asymmetries in the perception of
musical chords. Cortex, 1970, 6, 387-398.

Griffiths, H. & Davidson, M. Long term changes in intellect
and behavior after hemispherectomy. Journal of Neuroclo-
gical and Neurosurgical Psychiatry, 1966, 29, 57i-576.




APPENDIZ M = - 335

. -~

Groden, G. ILateral preferences in normal chlldren. Percep-
tual and Motor Skllls, 1969, 28, 213-214. | :

Gruber, L. & Powell, R. Responses of stuttering and non-
stutterlng chlldren to a dichotic listening task.
Perceptual and Motor Skllls, 1974, 38, 263-264%.

Haaland, K. The effect of dlChOulC, monaural and diotic
verbal stimuli on auditory-evoked potentials.: Neuron-
sychologia, 1974, 12, 339-345. ~—

Haggard, M. & Parkinson, 4. -Stimulus and task factors
as determinants of eax aawanuages., Quarterly Journal -
of Exverimental Psvcholocv, 1871, 23, 168 177

Hzlperin, ¥., Nachshon, I. & Carmon, A. /ShlAt in ear
sune*zo;mty in dichotic listening to temporal pattern
non-verbal stimuli. Journal of .the AcouSulcal 8001etv
of America, 1973, 52, 46-50.

Hammlll, D. The Slosson Iﬁuelllgence T pst as a guick est-
imate of mental abllity. dJournal of School Psvcholqu,

19691 ‘29 55—57- 2 .
Eannay, E. Real or imagined incomplefd lateralization of

function in females? Perception and Psvchonhvszcs, 1976,
19, 349-352. o

Hannay, H. & Malone, J. Visual field effects and shori- .
term memory for verbal material. Neuropsychologia,
1976, 14, 203-209. (a) ' —

LY

Hannay, H. & Malone, J. Visual field recognition memory
for right handed females as a function of familial.
handedness. Corfex, 1976, 12, 41-48. (b) !

\

Haydon, S. & Spellacy, F. Monaural reaction tlme/ESymme—
tries for speech and non—sneech sounds. Cortex, 1974,
~ 10, 288-2%.- . -

Harshman, R. & Remiﬁgton, R. .Sex, language and the brain,
part I: a review of the literature on adult sex -
differences in Waterallzatlon, submitted for publication,

r975.

Hecaen, H. Clinical symntomatology in right and left hemis-
pheric lesions. In V. Mountecastle. (Ed.), Interhemis-
pheric Relations and Cerebral Dominance. Baltlmore )
John Hopkins, 1962.

Hécaen, H. Acglired aphasia in children and the ontogenesis .
of hémispheric functional specialization. Brain and Lang-
uage, 1976, 3, 114-134.-




—_

APPENDIX I . 336

Higénboftam, J. Relationships between sets of lateral and
perceptual performance measures. Cortex, 1973, 3,
4035-410. . - LT

Hines,.D. & Satz, P. Cross-modal asymmetriés in perception
- - related "to asymmetry in cerebral function. Neuropsy-
chologia, 1974, 12, 239-247. " .

Hinsie, L. & Campbell, R. Psvchiatric Dictionary, (4th. ed.)
. New York: Oxford University Press, 1970.

Holcomb,-T.' & Arnold, B. Cerebral deminance in visual
perception: an anmotated bibliography (1967 - 1975).
Catalog of Selected Documents in Psychofpogy, 1976, 6, 35

Ingiis, J. Dichotic listening and cerebral dominance.
Acta Otolarvngology, 1965, 60, 251-238.

Inglis, J. & Sxkes, D. -SOme'sources'ofgvariation in dicho-
g -~ tic lisfeﬁiﬁg performance in children. Journal of
Experimental;-Child Psychology, 1967, 5, 480-438.

Ingram,-D. Cerebfél speech lateralization in young children.

: ) Neuropsychologia, 1975, 13, 105-105.

\H\\T\75enes, R. Obse;:égg;ns oh stammering after localized cerebral.
' injury. - Journal of Neurological and Neurosurgical
Psychiatry, 1966, 29, '192-195.

" Jones, D. & Spreen, O. Dichotic listening by retarded
children:. the effects of ear order and abstraciness.
Child Development, 1967, 38, 101-105.

'Joynt, R. Paul Pierra Broca: his combribution to the
. kmowledge of aphasia. Cortex, 1964, 1, 206-213.

Joynt, R. The corpus callosum: history of thought regard-
“ing its function. In M. Kinsbourne & W. Smith (Eds.),
Eemispheric Disconnection and Cerebral Function. Spring-
field, illipois: Chas. Thomas, 1974.

Karp, E. & Birch, H. - Hemispheric differences in reaction
time to verbal and non-verbal stimuli. Perceptual and
Motor Skills, 1969, 29, 475-480. .

Kershner, J. Reading and labterality revisited. Journal of
Special Education, 1975, 9, 2869-279.

Kershner, J. & Kershner, B. Dual brain asymmetry: another
cause of learning disorder? Agademic Theravy, 1975, 8,
391-295. -




APPENDIX M 537

ot

Kimura, D. Cerebral dominance and the perception of verbal
stimuli. Canadian Journal of Psychology, 1961, 15,
166-171. (&) ‘ -

Eimura, D. Some effécts of temporal lobe damage on auditory
perception. Canadian Journal of Psychology, 1961, 15,
156-165. (b) '

Eimura, D. Perceptual and memory functions of the left
temporal lobe - & reply to Dr. Inglis. Canpadian Journal
of Psvcholegy, 1962, 16, 18-22.

" Kimura, D. Speech lateralization in young children as .
determined by an auditory test. Journal of Comparative
and Phvsiological Psvchology, 1963, 56, 899-902. (b)

Kimura, D. Dual functional asymmetry of the brain in
visual perception. Neuropsychologia, 1966, &, 275-285.

Kimura, D. PFunctional asymmetry of the brain in dichotic
listening. Cortex, 1967, 3, 163-17/3.

Kimura, D. Spatial localization in left and right visual
fields. Canadian Journzl of Psvchology, 1969, 23,
4L5-4580 '

Kimura, D. & Durnford, M. Normal studies on the function
of the right hemisphere in visien. In S. Dimond &
J. Beaumont (Eds.), Hemisphere Function in the Humap
Brain. New York: Halsted Press, 1974+.-

King, F. & Eimura, D. Left-ear supericrity in dichotic
perception of vocal non-verbal sounds. Canadian Journal
of Psychology, 1972, 26, lii-1l6. :

Einsbourne, M. The cerebral basis of lateral asymmetries
_~" in attention. Acta Psychologica, 1970, 33,-195-201.

Einsbourne, M. Mechanisms of hemispheric interaction in man.
In M. Kinsbourne & W. Smith (Eds.), Hemispheric Discon-
nection and Cerebral Function. Springfield, Lll.:

Chas. Thomas, 1974. .

>

Kinsbourne, M. Cerebral dominarce, learning and cognition.
Id H. Myklebust (Ed.), Progress in Learning Disabilities
(Vol. III). UNew York: Grune & Stratton, 197/5.

Kinsbourne, M. Looking and listening strategies and begin-
ring reading. In J. Guthrie (Ed&.), Aspects of Reading
Acguisition. Baltimore: Johns Hopkins, 1976.

L



APPENDIX M "( 338

Knox, C. & Boone, D. Auditory laterality and tested handed-
ness. Cortex, 1970, 6, 167-173.

Krashen, S. Lateralization, language learning and the
critical period: some new evidence. Language Learning,
1973, 23, 63-74. (a)

Krasﬁén, 5. Iental abilities underlying linguistic and
non—lin%uistic functions. ILinguistics, 1973, 115,
39-55. (b) ' ;

Erashen, S. The critical period for language acquisition
and its possible bases. Annals of the New York Academic
of Science, in press. -

Krashen, S. & Harshmar, R. Lateralization and the critical
period (abstract). Journal of the Acoustical Society.
of America, 1972, 52, 17%. i :

Euhn, G. The phi coefficient as an index of ear differences
in dickhotic listening. Cortex, 1875, 9, 450-457,

Lake, D. & Bryden, M. Eandedness and sex differences in
hemispheric asymmetry. 3Brain and Language, 1976, 3,
in press.

Lansdell, E. The use of factor scores from the Wechsler—’
Bellevue Scale of Intelligence in assessing patients
. with temporal lobe removals. Cortex, 1968, 4, 257-268.

Lenneberg, E. Biological Foundations of TLanguage. New
York: Wiley, 1967.

Lenneberg, E. On expléininé language. Science, 1969, 164,
635-643.. '

Lenneberg, E. The neurology of language. Daedalus, 1973,
102, 115-133.

Levy, J. Possible basis for the evelution of lateral
speclalization of the human brain. Nature, 196S, 224,
614-615.

Levy, J. TLateral specialization of the human brain: beha—
vioral marifestations and possible evolutiornary basis.

- In J. Kiger (Ed.), The Biology of Behavior. Corvallis:
Oregon State University Press, 1972.
Levy, J. Psychobiological implications of bilateral asym-
metry. In S. Dimond & J. Beaumont (Eds.), Hemisphere
Function in the Human Brain. New York:, Halsted Press,

19%4.

3 3,



APPENDIX M 339

Levy, J. A review of evidence for a genetic component in
the determinatign of handedness. Behavioral Genetics,
in press. .

Levy, J., Nebes, R. & Sperry, R. IExpressive language in
the surgically separated minor hemisphere. Cortex, 1971,

7, #9-58.

Levy, J. & Nagylaki, T. A model for the genetics of handed-
ress. Genetics, 1972, 72, 117-128.

Levy, J., Trevarthen, C.-& Sperry, R. Perception of
bilateral chimeric figures following hemispheric
disconnection. Brain, 1972, 95,.61-78.

Le%y-Agresti, J. & Sperry, R. Differential perceptual
capacities in major and minor hemispheres. Proceedings
of the National Academy of Science, 1968, 61, 11lb1l.

‘Lezak, M. DNeuropsvchological Assessment. New York:
Oxford U. Press, 1976. .

Luesenhop, 4., Boggs, J., LaBorwit, L. & Walle, B. Cerebral
dominance in stutferer determined by Wada testing.
Neurologs, 1975, 25, 1190-11%2.

Turia, A. The Working Brain. New Yérk: DBasic Beoks, 12753.

w W g
-

Luria, A. & Hutton, J. A modern assessment of the basic =

/ﬂxe\\\fiims of aphasia. Brain and Language, 1977, 4, 1289-151.
MacNedlage, P., Sussman, H. & Stolz, W. Incidence of late-
rality effects in mandibular and manual performance of

dichoptic visual pursuit tracking. Cortex, 1975, 11,
I

Marcelzji., Katz, L. & Smith, M. Laterality and reading
proficiency. DNeuropsychologia, 1974, 12, 131-140.

Marshall, J. Scme problems and paradoxes associated with
recent accounts of hemispheric specialization. Neuro-
psychologia, 1973, 11, 463-470.

ﬁarshall, Jds, Caplan, D. & Holmes, J. The measure of late-
rality. Neuropsychologia, 1975, 13, 315-321.

Matarazzoc, J. Wechsler's Measurement and Appraisal of
Adult Intelligence. (5th. ed.) Baltimore: Williams &
wilkins, 1972. . :

re



APPENDIX M - 340

.5
i3

McAdam, -D. & Whitaker, H. Language produgﬁion: electroen-
cephalographic localization in the normal brain.
Science, 1971, 172, 499-502.

-McFie, J. The effects of hemispherectomy on intelldtual

functioning in cases of infantile hemiplegia. Journal
of Neurological and Neurosurgical Psychiatry, 1961, 2%,
240=-249. : ‘

"McFie, J. Paper read at the i4th. International Symposium

of Neuropsychology, abstracted by E. DeRenzi & M. Piercy.
Neuropsvchologia, 1969, 7, 385-386.

McGlone, J. Sex differences in functicnal brain asymmetry.
Cortex, ln press.

McGlone, J. & Davidson, W. The relation between cerebral
speech laterality and spatial ability with specilal
. reference to sex and hand . preference. Neuropsychologia,
1973, 11, 105-115. |

McGlone, J. & Eertesz, 4. Sex differences in cerebral
processing of visuespatial tasks. (Cortex, 1974, 10,
215-520.

McKeever, W. & Euling, M. Right hemispheric superiority in
s graphic reproduction cof briefly viewed dot figures.
-. Perceptual and Motor Skills, 1970, 31, 201-202. (c)

McLuhan, M. Interview with C. Baldwin. Maclean's, 1977,

90(5), 4-O.

McRae, D., Branch, C. & Milner, B. The occipital hasns
and cerebral dominance. Neurology, 1968, 18, 95-98.

Milnér, B. Laterality: effects in auditicn. In V. lMount-
castle (Ed.), Interhemispheric Relations and Cerebral
Dominance. ©Baltimore: dJokns Hopkins, “l962.

-

Milner, B. Visually-gulded maze learning in man: effects
of bilateral hippocampal, bilateral frontal and unila-
teral cerebral lesions. Neuropsychologia, 1965, 3,
517-538. .

Milner, B. Brazin mechanisms suggested by studies of tem-
. poral lobes. In F. Darley & C. Millikan (Eds.),
Princeton Conference on Brzin Mechanisms Underlying
Speech and Language (conference held in Princeton, N.J.,
ov. 9-12, 1965). WNew York: Grune & Stratton, 1997.

~




APPENDIX M 341

Milner, B. Paper read at l4th. International Symposium of |
Neuropsychology, abstracted by E. DeRenzi & M. Piercy.
Neuropsychologia, 1969, 7, 385-386.

Milner, B. Interhemispheric differences in the localiza- .
tion of psychological processes in man. British Medical
Bulletin, 1971, 27, 272-277-

Milner, B. Hemispheric speciaiizaéion: scope and limits.
In F. Schmitt & G. Worden (Eds.), The Neurosciences:
Third Study Program. Boston: M.I.T., 1974, g

Milner, B. Psychological aspects of focal epilepsy and 1ts
neurological management. In D. Purpura, J. Penry, & R.
Walter, Advances in Neurology. New York: Raven, 1975.

Milner, 5., Taylor, T. & Sperry, R. Lateralized suppression
of dichotically presented digits after commissural sec-—-
tion.in man. Science, 1968, 161, 184-186.

Money, J. Dyslexia: a post conference revieﬁ. In J. Money
"{Ed.), Reading Disability. 3Baltimore: Johns Hopkins, .
1962. | -

Morgan, A-, McDonald, P. & MacDonald, E. Differences in
bilateral alpha activity as =z functicn of experimental
task with a note.cm lateral eye movements and hyproti-
zability. NeuropsSyehologia, 1971, 2, 4.55-469.

. Morgan, C. Physiological Pswcholo (3rd. ed.). New York:
: McGraw-Hill, lgéé. i }

Moscovitech, M. ILanguage and the cerebral hemlspheres:
reaction-time studies amd their implications for models
of cerebral dominance. In P. Pliner, L. EKrames-& '
T. Alloway (Eds:), Communicdtion and Affect: Language
ard Thought./,ﬁew oTK:, ngdggic Press, 19735.

. !—/ N -' V
gyon of language 1in the -
i pecple. Brain and

3 kY — - ——————————————

Moscovitch, M. On the rexg
. right hemispkhere in Z
Language, 1976, 3, 47
Nachshon, I. & Carmon, ApzZ _J..jof,stiﬁulus—responSef‘”
delay on ear superiorfZpao dichotically presented =
digits. Journal of Eitrimental Psychology, 1973, 99,
288-290. (a) .

Nachshon, 1. & Oarmon,~A.' Relationship'betWeen accuracy of
report and ear differences in dichotic listening.
Perceptual and Motor Skills, 1973, 37, 653-654. (b)




C’ - : o . APPENDIX M 342
NI . J .

} (T'Tj Nagafuchi, M. Developmernt of dichotic and monaural hearing
N~ . @bilities in young childyen. Acta Otolaryneology, 1570,
>\ 69, 409-414. -

] "

Nebes, R. Handedness amd the perception of part-wholé
relationships. Cortex, 1971, 7, 350-356. (a)

Nebes, R. Superiority of the minor hemisphere in-commissurc -

’ tomized man for the perception of part-whole relations.

- -

Cortex, 1971, 7, .353-349.  (b)

Nebes, R. Domirance -of the minor heﬁisphre in commissurot-
omized man in a test of figural unification. Brain,
1972, 95, 653-638. |

Nebes, R. Perception of spatial relationships by tHe right
and left hemispheres in .commissurotomized man. Neuro- -
Dsyechologia, 1975, 11, 285-290. .

Nebes, R. Hemispheric specialization in commissurotomized
man. DPsychological Bulletin, 1974, 81, 1-14.

‘Nebes, R. & Sperry, R. Hemispheric deconnection syndrome
with cerebral birth injury in the dominant arm area.
Neuropsvchologia, 1971, 9, a247-259.

Netley; C. Dichotic listening performance of hemispherecto-
mized patients. Neuropsychologia, 1972, 10, 235-240.

Qjemann, G. 7Men§al arithmetic during human thalamic stimu-
lation. Neuropsychologia, 1974, 12, 1-10.

gemann, G. Language and the thalamus: Object.npaming and
recall during and after tnalamus" stimulation. Brain and

Language, 1975, 2, 101-120.

S Ornstein, R. The Psychology of Consciousness. New York:
* Viking Press, 1972. ‘ :

Ornstein, R, Right and left. thinking. Psychology Today,
T 19751 é(la)s 87—92' '

Oxbury, S., Oxbury, J. & Gardiner, J. Laterality effects
in dichotic listening. Nature, 1967, 214, 742-743.

" ' Papcun, G., Erashen, S., Terbeek, D., Remington, R: &
. Harshman, R. Is the left hemisphere specialized for
speech, language ‘and/or something else? Journal of the
f Acoustical Society of America, 1974, 55, 319-327.

PR = - - .- E — -

)

(’
/

N



3

-

Pénnington, H., Galliani, C. & Voegele, G. ‘Unilateral °

electroencephalographic dysrhythmia and children's j;{
intelligence. Child Development, 1965, 36, 335-346- .

Pick, H.'& Piok, A. Sensory and perceptual developnent.
In P. Mussen (Ed.), Carmichael's Manual of Child
Psychology (3rd. ed.). New Tork: Wiley, 1970 (vol. I).

Pisoni, D. & McNabb, S. Dichotic irteractions of speech’
_sounds an phonetic feature processing. Brain and -
Ms o974, 1, 251-362. ' . ~

Piazza, D. Cerebral lateralization in yowng children as
measured Oy dichotic” listening and finger tapping.
Neuropsvchologia, 1977, 12 430425, |

Pohl, W., Butters, N. & Goodglass, E. Spatial discrimina-
tion systems and cerebral lateralization. Cortex, 1972,
8, 305-31%. : -

Provins, E. & :Jeeves, M. Eemispheric differences in res-
ponse time to simple auditory stimuli. Neurepsycholo- :
gia, 1975, 13, 207-211. - -

Rasmussen, T- & Milner, B. Clinical and surgical studies
of the cerebral speech areas ip man. In K. Zulch,

0. Creutzfelt & G. Galbraith (Bds.), Cerebral Localization.

Berlin, Heidelberg, N.X.: Springer-Verlag, 1975-

Reed, J. & Reitaé; R. TVerbal and performance differences
among brain-injured children with lateralized mofor.
,—\%e icits. CPerceptual and Motorn, Skills, 1969, 29, 747- .

Iy S _ ,

Reitan, R. Neurological and physiological bases of pSy-

chopathology. . Annual Revew of Psychology, 1976, 274 189~
216- T - .‘. ! ’ .

Reitan, R. & Davison, L: (Eds.). Clinical Neuropsychology:
Current Status and Applications. Washington: wWinston,

157 =

Richardson, -D. & Enights, R. 4 bibliography on dickhotic
listening. Cortex, 1970, 6, 236-240.

ﬁﬁgahrdson,‘J. How to measure laterality. Neuropsycholo-
g, 1976, 14, 135-136.. CT :

Riklan, M. & Cooper, I. Psychometric studies of verbal

7 . .gupctions,following thalamic lesions in humansg. .Brain

*nd Thnguage, 1975, 2, 45-5%-

-
-

APPENDIX M A5



FARN

U
h ]

APPENDIX M _ 344

Robinson, G. & Solomon, D. Rhythm is processed by the speech
hemisphere. Journal of Experimental Psvchology, 1974,
. 1c2, o08-511. -

Rourke, B. ‘Brain—behavior relationships- in children with
learning disabilities: a research program. American
Psychologist, 1975, .30, 911-920.

Rourke, 3. Interactions between reseérch and assessmeﬁt.
Journal of Pediatric Psychology, 1976, 1, 7-11. (a)

Rourke, B. ‘Issues in the neuropsychoiogical assessment of
children with learning disabilities. Canadian Psvchological
Review, 1976, 17, 89-102. (b) ‘ ‘

Rourke, B. & Telegdy, G. ILateralizing significance of WISC. ° -
Verbal-Performance discrepancies for older children with .
learning disabilities. Perceptual and Motor Skills, 1971,
33, 875-885. '

=3

Rourke, 'B., Young, G..& Flewelling, R. The relationship be-
tween WISC Verbal-Performance discrepancies and selected
auditory-perceptual, visual-perceptual, and-problem-
solving abilities in children with learning disabilites.
Journal of Clinical Psychology, 1971, 27, 475-479.

Rourke, B., Yanni, D., MacDonald, G.'& Young, G. Neurop-. .
sychological significance of lateralized deficits on the
Grooved Pegboard test for older children with learrning

"disabi¥ities. Journal of Consulting and Clinical Psv~
chology, 1975, 41, 128-1%4.

Rourke ,» B. & Finlayson, M., Neuropsychological significance
of variations irn .pattenns of. performance on the Trail
Making Test for oider. children with learning disabilities.
Journal of Abnormal Psychologz, 1975, 84, 412-421.

Rourke, B. & Orr, R. Pr;\ﬂction of the reading and spelling
performance of normal #4d retarded readers: a four-year
follow-up. Journal ef Abnormal Child Psvchology, 1977, .
5. 9-20. e R - R

- Roufke, B. & Finl%yéon, If. Neuropsychological significance

of variations/in patterns of academic performance::
verbal an& Visual-spatial azbilities. Journal of Abnormal
and Clinical Psychology, 1978 (in press).

- \Rewber, H. & Twitchell, T. ZLevels of impairment
of sensomi-motor functions in children with early brain
europsychologia, 1974, 12, 95-108. :

+

[}

-»



APPENDIX M - 345

Russell, W. & Espir, M. TITraumatic Apha51a. London: Oxford
Unlver51ty Press, 196l1.

Satz, P. Laterality effects in dichotic listening. Nature,
1968, 218, 277- 278.

Satz, P. Pathological left handedness: an explanatory
model. Cortex, 1972, 8, 121-135.

Satz, P. Left Handedness and early brain insult. Neuro-
psychologia, 1975, 9, 115-117. :

v -

Satz, P. Laterality tests:‘ an inferential problem. Cortex
(submitted, 1975).

, . S8atz, P., Achenbach, K., Pattishall, E. & Fennel;\.m.
' Order of report, ear asymmetry e.nd. handedness in dicho-
é tic llsuenlng. Cortex, 1965, 1, 377-396.
-

- Satz, P., Achenbach, K. & Fennell, E. Correlations between

assessed manual laterality and predicted speech latera-

1ity in a normal population. Neuropsychologia, 1967,
" 5, 295-310. ] -

Satz, P. & Friel, J. Some predictive antecedents of speci-.
fi¢ learning disability: & preliminary one-year follow-
up. In P. Satz & J. "Ross (Eds. ), The Disabled Learner:
Early Detection and In“erventlon. Rotterdam: University
0of Rotterdam Press, 1993. - <

Saﬁz, P. & Friel, J. Some predictive antecedents of speci-
fic reading isability: . a preliminary two-year follow-
up. Journal of Tearning Disabilities, 1974, 7, &37-
ann, _

Satz, P., Friel, J. & Rudegeair, F. Some predictive ante-
cedents of specific reading disability: a two-, three-
and four-year follow-up. Paper presented at the Hyman

: Blumberg Symposium on Research in Early Childhood
; Education, Johns Hopkins University, 1974.

/ Satz, P. & Friel, J. The predictive validity of an abbre-
/ viated screening battery: a preliminary cross valida-
< tion study. Unpublished vaper, University of Florida,

- 1975.

Schaltenbrand, G. Effect on speech and language of Stereo-
tactical stimulation in thalamus and corpus callosum.
Brain and Language, 1975, 2, 70-77.

.



APPENDIX I : 346

4

Schmit, V. & Davis, R. The role'of hemispheric specializ-
atiorn in the analysis of stroop stimuli. Acta Psycholo-
ica, 1974, 38, 149-158. |

Seamon, J. Coding and retrieval processes and the hemis- .
pheres of the brain. In S. Dimond.& J. Beaumont (Eds.),
Hemisphere Function in the Human Brain. New York:
Halsted Press, 1974%.

Selnes, O. The corpus callosum: some anatomical and
‘functional consideravions with special reference TO
language. Brain and Language, 1974, 1, 111-139.

Semmes, J. Hemispheric gpecializatiqn: a possible clue
%0 mechanism. Neurovsvchologia, 1968, &, 11-26.

Shankweiler, D. Develcopmental dyslexia: a critigue and
review of recent evidence. Cortex, 1964, 1, 53-61.

Simon, J. Xar preference in a simple R.T. task. Journal
cf Experimental Psychology, 1867, 22, 4055,

Sinclair, €. Ear dominance in preschool children. Percep-
_fual and Motor Skills, 1968, 26, 510. :

" Sinclair, C. Dominance patterns of young children, a
follow-up study. Percepntual and Motor Skills, 1971,
32, l42. 7 .

" Smith, A. Speech and other functions after left (Dominant)
hemispherectony. Journal of Neurology. Neurosurgery
*and Psvchiatry, l%§63 29, 467-471.

oy

Smith, A. Dominant ang non-dominant hemispherectomy. In
W. Smith (BEd.), Drugs.sDeveloprent and Cerebral Function.
" Springfield, Ill.: Chas. Thomas, 1972.

Smith, A. Language and non-language functiocns after left
dominant hemispherectomy for tumour. Paper presented
at fourth annual meeting of the International Neuroc-
psychology Society, Toronto, Ont., Feb. 5, 1876.

Smith, A. & Sugar, 0. Development of above normal language
and intelligence 21 years after left hemispherectomy.
Neurology, 1975, 25, 813-8i8.

Smith, W. & Phillipus, M. (Eds.), Neuropsychological Testing
in Organic Brain Dysfunction. Springfield, Illinois:
Chas. C. Thomas, 1969.

Sparks, R. & Geschwind, N. Dichotic listening in man
after section of neocortical commissures. Cortex,
1968, 4, 3-16. o

-"‘\;O



APPENDIX M A7

Sparks, R., Goodglass, H. & Nickel, B. Ipsilateral vs.
contralateral extinction in dichotic listening resuls-
ing from hemispheric lesions. Cortex, 1970, 6,
©249-260. (a) -

Sparks, R., Goodglass, E. & Nickel, B. Right vs. left-

. herisphere lesicn effects in dichotic listening.
Proceedings of the Annual Converntion of the American
Psychological Association, 1970. (D)

Spellacy, ¥. Lateral preferences in the identification of
patterned stimuli. Journal of the Acoustical Society
of America, 1970, 47, 574-578.

Sperry, R. Hemispheric deconnection and unity in conscious
. awareness. American Psychologist, 1968, 23, 723-733.

Sperry, R. Lateral specialization in.the surgically separated
hemispheres. In F. Schmitt & F. Worden (Eds.), The
Neurosciences Third Study Program. Cambridge, Mass.r:

The MIT Press, 1974. ‘

Spreen, 0., Spellacy, F. & Reid, J. The effect of inter-
- stimulus interval and intensity on ear asymmetry for
nen-verbal stimuli in dichotic listening. Neuropsv-

chologia, 1970, 8, 245-250. : ©

Springer, S. & Gazzaniga, M. Dichotic testing of partial
and complete split-brain subjects. Neuropsychologia,
1975, 13, 341-346. -

Strich, S. Paper read at the 14th. International Symposium
on Neuropsychology, abstracted by E. DeRenzi & M. Piercy,
Neuropsychologia, 19€9, 7, 383-386.

Studdert-Kennedy, M. & Shankweiler, D. Hemispheric spe-
cialization for speech perception. Journal of the
Acoustical Society of America, 1970, 48, 579-594.

Sussman, H. & MacNeilage, P.- Dichotic pursuit auditory
tracking after anterior temporal lobectomy. Archives
of Otolarwngology, 1975, 101, 389-391. (a

Sussman, H. & MacNeilage, P. Hemispheric specialization for
speech production and perception in stutterers. Neuro-
psychologia, 1975, 13, 19-26. (b)

Sussman, H., MacNeilage, P. & Lumbley, J. Pursuit auditory
tracking of dichotically presented tonal amplitudes.
dournal of Speech and Eearing Research, 1975, 18,
YH=-81."




APPENDIX M ' 348

Sussman, H. & MacNeilage, P. Studies of hemispheric special-
- ization for speech production. Brain and Language, 1975,
2, 131-151. (ec) i

Teuber, H.L. Unity and.diversity of frontal lobe functioms.
Acta Neurobiologica Exp., 1972, 32, 615-656.

Thompson, C., Stafford, M., Cullen, J., Hughes, L., Lowe-
Bell, S. and Berlin, C. Interaural intensity differ-
ences in dichotic speech perception (abstract). Journal
of the Acoustical Society of America, 1972, 52, 17&4.

Thompson, A. & Marsh, J. Probability sampling of manual
asymmetry. Neuropsychologiz, 1976, 15, 217-225. |

TrefSman, A. & Geffen, G. Selective attention and cerebral
' dominance in perceiving and responding to speech mes-
sages. Quarterliy Journal of Experimental Psychology,
1968, 20, 13S-150.

Van Buren, J. The question of thalamic participation in
speech mechanisms. 3Brain and Language, 1975, 2, 31-44.

Wada, J. & Rasmussen, T. Intracarotid injection of sodium
amytal: the lateralization of cerebral speech domi-
nance. Journal of Neurology, 1960, 17, 266-282.

Warrington, 5. & Rabin, P. Perceptual matching in patients
with cerebral lesions. Neurovpsychologia, 1970, 8,

475-487.

Weinstein, S. & Sersen, E. Tactual sensitivity as a func-
tion of handedness and laterality. Journal of Compar—
ative and Physiological Psychology, 1961, 54, 665-669.

Weitan, W. & Etaugh, C. Lateral eye-movement as a function
of cognitive mode, question-sequence, and sex of subject.
Ferceptual and Motor Skills, 1974, 38, 439-444. (a)

Weltan, W. & Etaugh, C. Tateral eye-movement consistency
: is related to academic aptitude. Perceptual .and Motor
Skilis, 1974, 38, 1203-1206. (b)

White, M. ZLaterality differences in perception: a review.
Psychological Bulletin, 1969, 72, 387-405.

White,'M. Hemispheric asymmetries in tachistoscopic inform—
ation-processing. British Journal of Psychelogy, 1972,
63, 497-508, N -




.+ " APPENDIX M _ | . 349

Whité, M. & Barr-srown, M. [Role of the right h 'éphére in
tachistoscopic recogrition. Journal of General Psycho-

ization for linguistic
rception using a dicho-
Cortex, 1974, 10, 3-17.

Witelson, S. Hemispheric
and non-linguistic tactuel p

temous stimulation techniyue

Witelson, S. Abnormal right hemisphere specialization in
development dyslexdia. DPaper presented at NATO: An
International Conference, The Neuropsychology of Learning

Disorders: Theoretical Approaches. Korsor, Demmark,
June, 1975. ‘ ‘

Witelson, S. Sex and the‘singlé hemisphere: right hemis-
Phere specialization for spatial processing. Scilence,

1976, 193, 425-427.

Witelson, S. Age and sex differences in the development
0of right hemisphere specialization for spatial processing
as reflected in a dichotomous tactual stimulation task.
" Society for Research in Child Development, in press.

Witelson, S. & Rabinovitch, M. Hemispheric speéch late-—
ralization in children with auditory-linguistic defi-
‘cits. Cortex, 1972, 8, 412-426.

Yund, E. & Efron, R. Dichotic competition of simultaneous
tone burst of different frequerncy - II Suppression-and
ear dominance functions. Neuropsychologia, 1975, 13,
137-150.

Yund, E. & Efron, R. Dichotic competition of similtaneous
Gtone burst of different frequency - IV Correlatiocn with
dichotic competition of speech sigrals. Brain and Lang—
uage, 1976, 5, 246-254. -

Yund, E. & Efron, R. Model for the relative salience of
the pitch of pure tones presented dichotically. Journal
of the Acoustical Society of America, 1977, 62, 607-617.

Zaidel, D. & Sperry, R. Performance on the Raven's Coloured
Progressive Matrices Test by subjects with cerebral
,commissurotomy. Cortex, 1973, 9, 34-39.

Zangwill, 0. Dyslexia in relation to cerebral dominance.
In J. Money (Ed.), Reading Disability: Progress and

Research Needs in Dyslexia. Baltimore: Johns Bopkins
Press, 1962. '




Ve

K

APPENDIX M-

-

350

Zurif, E. & Bryden, M. ‘Familial handedness and left-right
differences in auditory and visual perception. Neuro-.

psychologia,-1969,12;7179-187.

Zurif, E. & Carson, G. Dyslexia in relation to cerebral

dominance and temporal analysis.

1970 3 §: 551—5616

AN

Neuropsychologia,





