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ABSTRACT
M.A. Diane McLean Education

-

SPATIAL-TEMPORAL PROCESSING AND CEREBRAL DOMINANCE:
A DEVELOPMENTAL STUDY WITH NORMAL READERS

@
The development of spatial-temporal processing abilities’
and their relationship to hemisphere specialization was studied
in 45 dextral boys (ages 7.6, 10.7 and 13.7 years), classified
as ng%mal readers. All subjects wére administered four forms of
a spatial-temporal test and a dichotic digits task. 1In addition,
each child was administered ap.JQ and a reading test. While sig-
nificant differencgs were found in overall performance between
the youngest and the two older groups on the spatial-temporal
test, the order of difficulty remained identical for each group:

Y

the only significant difference was between the temporal-temporal
»

and spatial-temporal tasks, the former being less difficult,
. N A

Further analysisf controlling for intelligence, revealed that
children in the low IQ group found spatial-spatial, spatial-
temporal and temporal-spatial tasks significantly more difficult
than temporal-temporal tasks. Childfen-in the high IQ group per-
fqrmed‘;qually well on all tasks. A significant right ear advaﬁ-
tage was found at 7.6 and 10.7 years; however, no significgnt
correlgtions were found between performances on the temporal-
temporal task and ear difference o? reading éco;es. Resultsg are

discussed in terms of the intellectual level and performance of

the subjedts. Recommendations for further research are made.
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-

Le développement de capacités spatiale-temporelles et le
rapport entre ce dé%eloppeﬁent et la specialisation hémisphéTrique
‘a éte” etudié dans 45 garcons droitiers (agd de 7.6, 10.7 et 13.7
ans) -ayant &t¢ classifi€” comme lecteurs normaux. Chaque candidat
a subi quatre formes d'une t&che spatiale~temporelle et une
t&che d'é€coute dichotiéue (chiffres comme stimulué). En plus,
chaque candidat a subi un test de quotient intellectuel et un
test de lecture. Quoique des diffé¥ences significatives ont éte

[ trouvees entre la performance du groupe age de 7.6 ans et deg
deux autres groupes darig la t&che spatialg-temporelle; l'ordre
de difficulte est resté& identique pour chacun des groupes; la

f

seule diffeTence gsignificative étant entre les téches temporelle~

i

temporelles et spatiale-temporelles, ces derniéres étant les plus

» .

difficiles,
Une analyse plus approfondie, en cqntrglant la variante
d'intelligence, a ré@?ﬁé’que pour le groupe ayant un quotient

intellectuel inférieur la performance des tiches spatiale~spatiales,

Voo , ' : .
spatiale~temporelles et temporelle-spatiales é%ait gignificative-
. + ment plus difficile que celle des thhesbifmporelle-temgqrelles.
( Le groupe ayant un quotient éievé'p‘a pas montré de dif~-

, ;
ferentes significatives dans la performance des quatre t@ches.
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Un avantage significatif d'oreille droite a eté’trouvé
1 9

&

’

dans les groupes 7.6 et 10.7 mais aucun rapport'qignificatif n'a;
. o

é%é'trouvé’entre les performances des tlches é;mporelles-tempor-

elles et les différences d'oreilles ou les r&Bultats du test de
. - . f

lecture,

i

-

. p, .
Les rdsultats sont analysé/en fonction du niveau intel-

- / ' N

lectuel et de la performance des candidats. Des recommendations

pour d'autres recherches possibles sont faites.
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I. INTRODUCTION

. Over time psychologis&s and educators have been williﬁ§
to co;cgﬂve sf some model by which the brain (or brain and cen-
tral nervous system) was believed to operate thereby allowing
a resolution Of many intractable problems.
DThe notions advanced at different times have emphasized
sensory imagery, handedness, eyedness, crossed dominance espec-
iall; in relation to a majoﬁ and continuing educational problem,

that of enabling children to read and to comprehend what they

have read.

a2

Approac%es have developed from that 6% general mental
hygiene in the 1940's to direct sensory training (visual, audi-
tory, psychomotor) iﬂ the 1950's, where éhysiological, medical
or educational treatment followed diagnosis. More recently the
emphasis has shifted from various forms of straight sensory
training to overcome 'diagnosed weaknessgs“,to a re-examination

" of the probleﬁs in terms.of sensory processing.and sensory inte-
& .

s gration,along with investigation in terms of hemispheric special-

P

-ization,
. The continuing presence in our schools of children who

canﬁotiread, or do so with great difficulty, has provided a

( ‘ population where sensory deficits, failure Sf sensory integrations,

1 p
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problems of laterality, even of possible cerebral dy@fuéction§,
appear to abound. Perhaps it is now time to examine, in a pop-
ulation of norﬁal childreq who d0 not present such problems,
andiwho are reported by their teachers to read satisfactorily,
some of the tentative conclusions reached b; study of their m&re
a-normal age mates, fhe research which will be subsequeﬁtly
described attempts fb make such an enq;iry with respect tg‘sen—
sory integration, espe%ially of the spatial §hd temporal modes,

-

and in relation to aspects of hemispheric specialization.




( THe importance of ingégration of information from all

IT. REVIEW OF RELATED RESEARCH

w

) " A. SPATIAL-TEMPORAL .PROCESSING

Thg’studies of gspatial-temporal processing have evolved

from investigations of sensory integration.

1. Sensory Inteqration:
3 Developmental Perspective - ﬁh

Research into sensory integration has 1ts origin in com-
parative psychology (Maier & Scheira, 1935) and comparative

neurophysiology (Sherrington, 1940), the basic premise being

( that with the ascent of the phylogenetic scale, behavior be-

comes increasingly controlled by multi-modal as compared to
modal functioniné (the integration of the sensory modalities).
Theagomplex behavior of the organism is possible through the .
development of intersensory liaison, where in infancy, proxi-
moceptive input (via a receptor wﬁﬁch can only be stimulated
through contact with it) is increasingly replaced by input via
teleéeptor systems (receptors which are adapted to receive .
stimuli from a distance) (Birch & Lefford, 1967). Behavior is

subserved by the integration of informatich which arrives through

2
different sensory channels.

3
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( gensory modalities has been comprehensively reviewed in studies s
of perception (Gibson, 1969; wWohwill, 19gb), reading 'achievement
(Derevensky, 1977), learning (Birch & Bitterman, 1949,1951) and
information procéssing (Freides, 1974; Ryan, 1940).

Sensory integration has been studied by 1nvestigati%%

\

the perception of intersensory equivalences (the equating of

<

stimuli presented 1in one modaiity with stimuli presented in
another: i.e. the perception of a letter through vision and

touch). This was studied mainly by a matching to sample method.

¢

The equivalences examined have included the use of both the
visual haptic modalities (eg. Abravanel, 1968: Derevensky, l

( 1976; Ford, 1267; Milner & Bryant, 1970) and auditory visual

1

modalities (eg. Beery, 1967; Bryden, 1972; Ford, 1967: Jorgen-

sen & Hyde, 1974; Kahn & Birch, 1968; MacKinnon & McCarthy,
LY
1973; Reilly, 1971,1972; Sterritt & Rudnick, 1966). The cur-

rent review will focus upoRr the integration of auditory and

1

visual modalities.
LY

Birch (1962) reported a relationship between reading

ability and intersensory integration, and indicated that poor

- h— S

readers showed inadequacy in the integration of auditory and
<
visual stimuli. This integrative organization between modali-
. ties was believed to be essential for in iss early stages read-"

j ing requires visually pr§§ented stimuli to be equated with

auditorily presented stimulus patterns., Ability to shift from

\

e R et i
~
Ve




DR T T PR

¢

5&;

the use of one ﬁgdallty to another has also been i1nvestigated
by Raab, Deutsch & Freedman (1960) and Katz & Deutsch (1963),
by testing reaction times to visual colored stimulil and to pure
augitory tone stimuli. It was found that poor readers had more
difficulty than:goad readers in rapidly shifting from one sen-

sory modality to another. To some specific investigations of

these kinds of integration we now turn.

a. Birch Studies
Birch 1nvestigated the development of intermodal equi-
valence {equivalence between sensory modalities) in normal chil-

dren {Birch & Lefford, 1963) and the disturbances of intersen-

a

sory integration in the neurologically damaged (Birch & Belmont,

1964; Birch & Belmont, 1965a; Birch, Belmont, Reilly & Belmont,

»

1961; Birch, Belmont, Reilly & Belmont, 1962) finding that
neurointegrative development (intersensory integration) was sig-

nificantly poorer in these children. Studies of cerebral palsied
’ \
and schizophrenic children, then followed (Belmént, Birch & Karp,
L8

1965; wWalker & Birch, 1970). Here also, there was marked diffi-

A 4

culty in intersensory processing. The particular, studies, Birch
& Belmont (1964) and Birch & Belmont (1965b) are often regarded
as the seminal studies in this entire area.

The first investigation (Birch & Belmont, 1964) was car-

ried out within'a general framework of handedness and laterality

-

-\

—— et
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and was an epidemiological study of otthQQ\school children

(boys 9 and 10‘years of age) who had significant degrees of read-

" - .
ing retardation compared with normal boys of the same age.

Integration was studied by a method of equivalence where a
visual dot pattern which corresponded to the pattern of a
rhythmic éudltory stimuius had to be i1dentified in an auditory-
visual (A~V) matching task. Retarded readers were found to be
significantly less efficient integrators than normals, and
within the two groups, those children haying lﬁwer auditory-
visual scores tended to have lower reading scores. This differ-

X

ence in favour of normal readers as opposed to retarded readers

Pl

persisted even when subjects of a low intellectual level were
removed from the comparison.
8

The following year, Birch & Belmont (1965b) studied the
developmental course of auditofy-visual equivalence in children
between the ages of 5 and 12. The development of this skill
in equating the two sets of stimuli was also considered in re-

/

lation to measures of IQ and reading skill. The performance of
5 year olds was only slightly better than chance expectancy,
with improvement occurring in successive stages until age 10
where an asympt;te was reached. The most rapid gigyth was
found to be between the ages of 5 and 7. Except for the oldest
and youngest subjects there was a significant positive relation-

»

ship between IQ test score and auditory-visual integration.




There appeared to be opposite age trends in the relationship
between auditory-visual integration and reading ability and be-
tween reading ability and IQ® From this it was suggested that
primary perceptual factors may be most important for initial
acquisition of reading skill but that factors more closely re-
lated to IQ are more important in its elaboration as shown in

the reading skills of a more mature kind.

b. Moiifigatlon of Studies in Birch Tradition

Subsequent studies using a variety of populations and
tasks have provided additicnal support for the developmental
perspective of auditory-visual integration as well as for the
relationship between auditory-visual integration and feading
ability. However, it appears that the relationship is a com-
plex one; while there are inconsistencies in the fesults, there

s

is evidence to suggest that the relationship depends upon such

factors as the sex, socio-economic status, intellectugg ability

and developmental level of the individual.

Within this general conclusion it mﬁat be pointed out
that the preponderance of boys amongst children with reading
difficulties has resulted in more single sex (bays) studies, so
that sex differences in k-v sensory integration are, perhaps,

not so clearly delineated (Birch & Belmont, 1964; Ford, 1967;

Kahn & Birch, 1968:; Sterritt & Rudnick, 1966). While Muehl &

S
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3
Kremenak (1966) failed to find sex dlffefences in integration‘,
skills, other studies have found girls to develop integration
skills at an earlier age than boys (Reilly, 1971,1972).

L2

Tge Birch studies as well as those of Beery (1967), Muehl
& Kremenak (1966), and Sterritt & Rudnick (1966) with middle ’
class subjects and Jorgenéon & Hyde (1974) with subjects from

a low socio-economic background, did not find auditory-visual
integration skill to be dependent upon inteiliqence; h;wever,

Ford (1967) found the relationship between auditory-visual

integration and reading achievement was weakened when IQ was “

controlled. Using both boys and girls,®™Reilly (1972) found

sensory integration skills to be poorer in boys and girls from
14
a lower socio-economic background than in middle class girls.
Investigations questioning the assumption of symmetry
in cross-modal sequences found significant asymmetries between
auditory-visual and visual-auditory matches. While the per-
formance of poor readers on both forms (A-vV and V-A) was sig- -
nificantly less than that of normal readers (Beery, 1967; Bry-
den, 1972; Jones, 1974; Muehl & Kremenak, 1966; Rudel & Teuber,
1971; ‘Sterritt & Rudnick, 1966) and the performance of good
readers significantly less than that of excellent reéders (Bar-
tholomeus & Doe@rin;, 1972), there was evidence to suggest that

the task having a visual standard from which to match was easier

for both groups.

P
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Bryant (1968) stated that errors in cross-modal matching
may be due to“failures of processing in one or both of the
modalities involved, instead of, or in addition to failures in
sensory integrétion. Studies employing intra- as well as inter-
sensory matching procedures (pattern matching both within and
between modalitiegﬁ A-A, A-V, V;V,’V-A) found similar develop-
mental patterns and differences “in all of the matches between
good ;nd poor readers, suggesting that the effects may not
simply be due to the hypothesized integration process between
auditory and visual stimuli (Alworth, 1974; Bryden, 1972; Gould,
*1977; Kulman & Wolking, 1972; Muehl & Kremenak, 1966; Rudel &

Teuber, 1971; Rudnick, Marfin & Sterritt, 1972: Sterritt, Martin

& Rudnick, 1971; Sterritt & Rudnick, 1966; Vande Voort, Sepf &
\ b
R, ‘

Benton, 1972; Vande Voort & Senf, 1973; Zurif & Carson, 1970)

<

2. Spatial-Temporal Aspects of
Intersensory Integration

The equating of auditory with temporal qualities and -
;isual with spatial ones, did not allow the individual roles of L
audition, vision, temporality and spatiality to be assessed. It
was noted that not only did the stimuli in the Birch studies
differ in modality, but they differed on the spatialltemporal
dimension as well (Blank & Bridger, 1964). Viiual stimuli -

were presented spatially and auditory stimuli were presented

temporally. Goodnow (1971) suggested that the major change with

I
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age in matching auditory to visual patterns lies in the individ~
ual's realization that a spatial interval can represent a time
limit. Studies utiliiﬂﬁgtvisual—temporal stimuli (flashes of
-light) and wvisual-spatial stimuli (printed dots) as well as
auditory-visual materiq}s, found the temporal-spatial and.the
auditory-visual tasks to bew&f equal difficulty (Bry@gn, 1972;
Rudnick, Sterritt & Flax, 1967; Sterritt, Martin & Rudnick, 1571:
Sterritt & Rudnick, 1966). Here, however, instead of matching
to sampfle, a method c¢f paired comparisons was used.

It has been shown that the level of difficulty in spatial-
temporal matching tasks depends upon the combination of the spa-
tial aQ& temporal aspects. Bryden (1972) working with 9 to 10
yeér 14, good and poor readers, reported that assessment of the
overall performance indicated that intramodal matches {temporal
to a temporal or spatial t; a spatial) were of less difficulty
than cross-modal matches (temporal to ; spatial or spatial to
a temporal) regardless of sensory modality. The most difficult
Jf the cross modal matches was the one in which a temporal stand-
ard was presented first. It was suggested that the strategies

B
involved in coding sequential (temporal) material are different
from those involved in coding spatial material and that this
explained the performance difference in tﬁe various tasks. It

was suggested that an entire spatial pattern can be rehearsed

prior to pre;entation of the second pattern, but when a temporal

x




e m e

V
b A e e e o o -

11

pattern is processed, the code must be modified as the itefe

- - - PR
are presented, ‘

.

' ghile Bryden (1972) found tests invclving the integra-
tion of temporal-spatial aspects to be more difficult than those
not, involving integration, other studies investigating §patia;—
temporal matching only within the visual modality, have not
@btained similar results. Sterritt, Martin & Rudnick (l97£)
in a study of preschoolers, Rudnick, Martin & Sterritt (1972)
in a study of first graders and Rudel & Denckla (1976) in a
study of learning disabled and normal readers, ranging in age
from 7 to 12 years, reported the following results:- purely
spatial matching tasks were simplest (spatial to spatial, S-8):
tasks involving temporal and spatial patterns (spatial to tem-
poral, S-T, or temporal id spatial, T-S) were of intermediate
difficulty; and purely temporél matching tasks (temporal to

\ .

temporal, T-T) were most difficult. Rudel & Denckla (1976)
reported differences between learning disabled and normal read-
ers, except on an S-S task, the only one which did not differ-
entiate the groups. Of the two tasks requiring spatial and
temporal integration, both groups, learning disabled and normal
readers, perforﬁed better when matching from a spatial‘to a
temporallstandard (8-T) than when matching from a temporal

standard (T-S). Developmental differences were noted within

the normal readers for the youngest children (7 to 8 years)

/////N\
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made significantly more errors than the 9 to 10 and 11 to 12

-+

year old children on the S-T and T-S tasks.
L 4
While studies reviewed thus far, suggest that tasks invol-

ving temporal perception, whether purely temporal matches or

)
o

matches requiring the equating of temporal and spatial stimuli,
are more difficult than tasks involving only spatially presented
stlmuli, some 1nbestigations have directed their attention to
the diﬁfigulties with temporgl order perception. Bridger {i970),
for example, states that phe temporal spatial matching test can
only be solved by means of verbal;coding of the stimuli, indi-
cating that verbal labelling is a factor affecting performance
on, the auditory-visual matching tasks. Blank & Bridger (1964}
suggest that when analogous stimuli (sounds and patterns) are
presented in different modalities as opposed to the same stimuli
presented in different modalities (i.e. a ball matched througﬁ’

‘

touch and vision), verbal labelling 1s necessary. Further, it

was suggested that the auditory-visual defect reported in re-

tarded readers is not due to a perceptual problem but rather

due to a problem involving complex conceptualization, What

appeared to be a cross modal deficiency was instead a failure to

accurately code temporally presented components of the task.
Subseguent studies with first and fourth graders (Blank

& Bridger, 1966; Blank, Weider & Bridger, 1968), of spatial

r

o
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and temporal matches within the visual modality found retarded
reaflers to have significantly more difficulty than normal readérs
in establishing equIvéi?nces between spatial and temporad stimgli
More importantiy, this difficulty was found to be dépendent on
verbal coding. When the need to code was eliminated, there
was no difference in performance between normal.and retarded
readers., Blank, Weider & Bridger (1968) further emphasized that
temporal components are not unique in their dependénce on verbal
stimuli; complex spatial stimul; may also be facilitated by
verbalization. L

Rhythm deficiencies in retarded readers reported by De
Hirsch, Jansky & ﬁ;ngford (1966) and Stambak (1951) can also
be explained by B?ank & Bridger's the;ry.' While these studies
required non-vgrbal imitation, rhythms involve the presentation
of temporal sequences, the perception of which necessitates the
application of a code which may demand a high level of cogni-
tive skill. Theféfore, the deficiency may not be,in perception
of the rhythm but rafher in the symbolic process of translation.
In their work, De\Hirsch, Jansky & Langford (1966) required
their subjects to imitate a pattern which had been tapped out

4

to them. They found that temporal ordgr perception (T-0-P)

correlated positively with reading ability at younger ages. The

T-0-P and reading relation was found to be stronqgr in 5 to 8

yvear old giY¥ls than in boys of the same age. Sapir (1966) and

1
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Keogh & Smith (1967) also report that first grade boys scored .

. lower than first grade girls on perception of temporal order.

It appeared that_T-0-P conditioned reading and not the reverse

P
! [

since many phil&?éﬁ in these studies had little or no reading’ ' !
instruction. B :
Additional studies provide supporting evidence that re-

tarded readers experience diffigulty in T-g-P. While these,

B e T W i

studies did not explicitly examine the perception of temporal -
order, temporal perception’'was inherent to the task. Profiles
of normal and disabled readers provided by the Wechsler Intelli-

gence Scale for Children (WISC) showed that the Digit Span sub-

4

test discriminated between the groups (Belmont & Birch, 1966;
Lyle & Goyen, 1969; Kinsbourne & Warrington, 1966). In this
subtest, the subject hears a series of digits and is asked to

reproduce them in the sequence of presentation.

Memory for bisensory stimuli has been examined,in normal

and reading disturbed boys (senf, 1969; Sent & Feshback, 1970; ]

Senf & Freundl, 1972). 1In their work an analogue of a dichotic

1

listening test was used. Here, pairs of digits are presented
simultaneously to subjgcts, one 'digit being visual a;é the i

other auditory. Subjects are required to.reproduce the digits

in the sequencetof presentation; some subjects reproduce by

3
4

pairg (auditory, visual; auditory, visual...) and other subjects

reproduce according to modality (all auditory and then all

v
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visual). More errors of reprodéction are found among children
with reading difficulties than among those without such'diffi—
culty, espec;ally when reproduction of pairs was required.

Senf (1969) states that the LDC's (Lea&ning Disturbed Childpen)
failures werehgenerally specific to the ordering of the stimuli,
not to their accuracy of recall.

There is evidence, too, to suggest that strategies in-
volved in ordering become more efficient with age. Ross &
Youniss (1969)\studied the memory for temporal order in 6 to !
10 year old children, using series of both meaningful and mean-
ingless (nonsense) figures. Performance with meaningfulnfig-
ures was higher than with meaningless ones, and memory for
temporal order increased with age. The younger child otrdered
less spontaneously than older children with both sets of fig-
ures. |

Bakk;r (1972).who has stated that temporal order is an
essential moment in the ieading process, has conducted studies
whichﬁparélled those of Birch and others but which differ in
two respects. There is a greater variability in materials in
their studies: verbal stimuli (letters and digits), verbally .
codifiable stimuli {meaningful figures) and nonverbal stimuli

+

(meaningless fiqures) are utilized, The sequence factor is
&

emphasized and serial location of items is obtained by a recon-

!

striction method. The studies are of both a verbal explication

o
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type ;using verbal ahd verbally‘cddifiabie material) and a non-
verbal explication type {(using meaningless figures without a
label: and hence incapable of direct vocalization). .
Bakker and his co-workers have found that in children,
aged 7 to 10 yeargl the. perception of meaningful but not of
meaningless figqures correlated with the learning-to-read process
in both normal and reading distrubed childrem, with T-O-P found
to be better in older than in younger children (Bakker, 1967a;
Groenendaal & Bakker,‘l971). Subsequent studies (Bakker, 1972)
reported that T-0~P was correlated wiéh age in a sample of nor-
mal readers,.borrelated positively with reading ability in boys,
and differentiated between boys and girls at younger ages. With
pre-school and priﬁary children T;O-é was hot only age r;lated,
but signnficant increases in performance were found to take
place i%i} period as shqxt as six months. Girls were better
than boyi prior to age 7 in bsth auditory anq’visual modalities,
but this superiority later disappeared and boys then performed
ﬁs well as girls in auditory-temporal perception. T-0-~-P seems
at this age”%o‘corfélate with‘reading ability measured at a
later age. With normal readers, boys and girls of 7 to 11 years
of age, older children perceive temporal series better than
younger children, and among the younger age groups girls are

1superior to boys. The T-0-P reading reldation applied only to

the boys in this group. -
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o
By:way of explanation Bakker postulates a critical period
in temporal order perception which affects the process of learn-
ing to read. Girls pass through this period between the ages
of 4 and 6, boys between 5 and 8. Neurophysiological changes
in the organism are held to be responsible.
* Reading as a verbal acé}vity 1s presumed to be primarily
- dependent upo; left hem;sphere functioning, and by extension
temporal order perception of verbal material is dependent upon
the same left hemisphere functioning. Correspondingly temporal
order perception of nonverbal material must pertain to the
right hemisphere. Earlier successes in the T-0-P task with
verbal material among girls would indicate an earlier neuro-
physiological development of the left hemisphere in girls.

Thus, studies of sensory processing and sensory integra-
tion, frém the seminal research of Birch and Belmont, cqnducted
first with emphasis upon }aterality and dominance, which had N
talways had an implicit reference te brain activity, comes full
circle to suggestions of hemisphere specialization as the impor-
fant aspect of brain activity in studies of senso;y processing
in relation to reading. ‘Fortunately, neurophysiological studies
of hemisphere specialization have now provided a firmer fourda-
tion for the speculationsegf psychologists interested in sensory

processing as pre-requisite to the development of measurable

educational achievement. It is to some of th&ﬂ neurophysiological

\/ .

\

— i e o b o




18

A
{ evidence that we now turn.

( ) ' B. TEMPORAL PERCEPTION AND HEMISPHERE
A SPECTALIZATION
The notion of homologous areas of the brain seemed to
exist prior to the conduct of expériments on brain activity in
situ. Early progress came from studies ,necessitated by head

wounds sustained in war, in industrial accidents, and later, in

automobile accidents. The study of epileptic patients was also
relevant. Experimental animal physiology, while not being cap-

able of exaqlning the area of the brain affecting speech, did 1
allow for examination of the conditions under which contralat-

eral hemiplegia (loss of motor movements in the side of the

body opposite to that of brain injury) could occur. More re- QU
cently, electrophysiological evidence from animal studies has

shown that crossed auditory pathways are stronger than uncrossed

5 ) (Rosenzweig, 1951; Tunturi, 1946). This has ?éen shown for

human subjects as well in that while each ear has connecting

\
, pathways with both hemispheres, the contralateral connections

are more effective than the ipsilateral ones (Kimura, 196la).

R T

B
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7

Kimura, 1967; Wada & Rasmussen). é
The interconnecting fibers (corpus callosum)! which join
the left and right hemispheres, were considered an enigma to

o

neurologists in the 1940's and 1950's. The now classic split
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brain experiments carried out on cats and later monkeys (origi-
nating with ﬁxs;s & Sperry in the early '50's) allowed blocking
of interhemispheric transfer of visual information by surgi-
Fal}y sectioning the corpus callosum.

Neurosurgical evidence from patients who had split brain

surgery for controllimng interhemispheric spread of epilepsy
P4

found that interhemispheric exchange of information was totally
disrupted (Gazzaniga, Bogen & Sperry, 1963,1965; Gazzaniga &
Sperry, 1967). The effect was such that information presented
to one hemisphere could be processed and dealt wi in that
haif brain, but the other half cerebrum was not awaXe of these
activities, FAll processes occurring in the left hemisphere
could be verbally described by the patients; information pre-
sented to the right hemisphe;e went undescribed.

Having established that there were two distinct hemi-
spheres, research then focussed on the function that each per-

»
formed.

e A i

1. Asymmetry of Function
B ~¥

a. Direct Evidence

The“eiucidation of the hemisphere specializatioris has
depénded primarily on thedgbservations of behavior changes re- .
sulting from localizable braip damage either naturally occurring

(Geschwind, 1970; Mountcastle, 1962), or surgically induced
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(eg. Gazzaniga & Hillyard, 1971; Milner, 1962). Methods such
as electrical stimulation of the cerebral surface through an
opening in the skull (Penfield & Roberts, 1959), the Wada test
(an injection of sodium ;;ytal into the carotid artery on one
~sidé of the neck, which produces temporary aphasia or loss of
speech; Wada & Rasmussen, 1960), nlurosurgical evidence from
epileptic patients (ornstein, 1978: Sperry. Gazzaniga & Bogen,
1969), and electroencephalpgraphic (EEG) recordings of electri-
cal currents of the brain from electrodes placed at various
positions on thehscalp, have provided more direct evidence of
hémisphere specialization; each hemisphere is dominant for some
functioﬁ% and nondominant fof others. Although split brain
techniques provided evidence that the right hemisphere has a
li1fe of its own and 1is capagie of experiencing most of the
activities that the left brain is able to experience, the pre-
“vailing view of ce;epral functions 1s that the left hemisphere
is&predominantly involved with receptivE:iﬁd expressive language
and analytical reasoning, while the right hemisphere 1is special-

ized for holistic processing, perception of music and other

non-linguistic sounds.

b. Indirect Evidence
Functional asymmetry of the hemispheres has been examined

with experimental techniques requiring perception of lateralized

~
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stimuli. One example of thls kind of research is the visual-
half-field technique where tachistoscopic stimulation can only
be seen in either the left or the right visual field.

N A more widely used technigque, known as dichotic listening,
modelled after Broadbent (1954) has different stimuli presented
simultaneously to both ears through stereophonic earphones, one
digit to the left ear, the other digit to tﬂe right ear. Six
digits are usually presented. The subject is then required to
recall all the digits he heard (usually in any order). Since
the right side of the body is served by the left hemisphere,
whié% is predoﬁinantly involyed with language, a right ear ad-
vantage (R.E.A.) would be expected for verbal stimuli. There
is considera;le evidence that the asymmetrical functioning of
the two hemispheres for speech is reﬁgected in unequal percep-
tion of verbal stimuli (letters, digits, numbers, words) pre-
sented dichotically to left and right ears.

in the majority of right handed individuals, the left
*hemisphere mediates speech. It has beeg found in both a clin-
ical pdpulation (Branch, Milner & Rasmussen, 1964) and in a
normal population (Bryden, 1965; Satz, Achenbach, Pattishall &
Fennell, 1965) that over 90% of right handed individuals and *
over 60% of left handed individuals have left hemisphere repre-

sentation for speech, There is also evidence to suggest that

sinistrals (left handers) have greater hemispheric equipotentiality
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than dextrals {(right handers) (Curry, 1967; Lishman & McMeekan,
1977; Luria, 1947; Subirina, 1958; Witelson, 1977), i.e., there
is a tendency for the left and right hemispheres of sinistrals
to be equally capable of processing information, regg;dless of
the type. Further, it has been suggested that sinistrals may

need to be reclassified as mixed or ambidextrous (Annett, 1970a,

1970b; Hecaen & de Ajuriaguerra, 1964; Kimura & Vanderwolf, 1970).

Bryden (1970) and 2Zurif & Bryden (1969) suggested that sinis-
trals gbouid be classified inte two groups, familial and neon-
familial, depending upon the presence of sinistrality in one or
more parents or siblings. When this is done it is se&w that
nonfamilial sinistrals perform exactly like dextrals in terms
o% cerebral dominance.

In a brain damaged population, démage to the left tem-
poral lobe caused a greater decrease in overall performance on
a dichotic digits task (Kimura, 196l1lb; Meyer & Yates, :1955;
Milnerf‘1958), while performance on some subtests of the Sea-
shore Measures of Musical Talents (Milner, 1962) and on a mul-
tiple choice recognition test of melodies (Shankweiler, 1966)
was affected by right temporal lobectomy. Within a normal pop-
ulation there is evidence for a significant R.E.A. for verbai
stimuli (Broadbent & Gregory, 1964; Bryden, 1963; Carr, 1969;

’

Curry, 19673 Dirks, 1964:; Inglis, 1965 ; Kimura, 196la, 1963;

Kimura & Folb, -1968; Satz, 1968; Satz, Levy & Tyson, 1970;

\
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Studdert-Kennedy & Shankweiler, 1970; Zangwill, 1960), and a
L.E.A. (left ear advantage) for melodie; (Kimura, 1964). When
meaningfulnesd of material (both with verbal stimuli and melo-
dies) was considered, the same results were obtained (Kimura,
1966,1967).

Efron (1963a,1963b, 1963c,1967), by presenting a series

of two stimuli and requiring subjects to indicate which stimu-

e A ma D e e e o -

lus was presented first, found the perception of temporal order

to be mediated by the left hemisphere. These results have been

corrobérated by other studies using this procedure (Edwards &

Auger, 1965; Hailiday & Mingay, 1961; Hirsch & Sherrick, 1961; ‘

Lowe & Campbell, 1965; Van Allen, Benton & Gordon, 1966). How-

ever, Masland (1967) states that these findings appear to be .

contradictory to those of Milner (;962). It will be recalled

that Milner was concerned witg hemisphere specialization in .

“*»relation to the nature of the stimuii, {erbal or non-verbal.
Her non-verbal stimuli though temporal in nature were mediated?
by the right hemisphere. Efron's studies leading to the con-
clusion that temporal order perception was mediat;d by the.left
hemisphere used flashes of light and figqures. This discrep-
ancy could be resolved, in the opinion of Bakker, by postulat-
ing that the identification of a temporally presented stimulus 5

£ requires a verbal label, and thus is predisposed to left hemi- .

sphere processing. .

A
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Apparently, it}is not the temporal or non-temporal aspect ofAthe
material which determines the hemisphere involved but the verbal
or non-verbal qualitie;. Studies requiring temporal perception
of ;erbal and non-verbal materi;1 found that the left hemisphere
is dominant for the processing of temporally presented verbal
gstimuli while the right hemisphere is more appropriaté for the
processing of temporally ordered non-verbal stimuli (Bakker,
1967b, 1968, 1969, 1970; Bakker & Boeijenga, 1970; Doehring, 1972;
Frankfurter & Honeck, 1973). -

| One final point might be made on monaural a;d dichotic
tasks. Bakker and his assdciates, Doehring (1972) and Frankfur-
ter & Honeck (1973) used monaural stimulation (presentation of
stimuli to one ear at a time). It is therefore not necesdary
to have the presence of competing stimuli as is the Ehse ith
dichotic listening tasks, as used by Kimura (1967) to.produce
ear asymmetry.

. -/

5
2. Development of Functional Asymmetry

-
The age at which the hemispheres become specialized for
functions has generated a great deal of research. It appears
that if one tests chiléren early enough, ‘a sex difference i;
thg development of cerebral dominance may be detected. Kimura
(1963), using dichotic stimulation, found a significant R.E.A,

for verbal stimuli in boys and girls, of above average

<,
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intelligence, as early as five years of age. Subsequent studies
reported by Kimura (1967) found a R.E.A. as early as four years
of age in children from an uUpper-middle socio-economic area but
only as early as five years of age with children from a low to
middle class socioeconomic area. In the latter group, only girls
displayed a R.E.A.:; this led Kimura to hypothesize that these ) ;
children appeared to be at an early stage of cognitive develop-
ment.

Much of the evidence concerning the development of hemi-
sphere specialization has been provided by research investiga- !)
ting the relationship between cerebral dominance and reading ’

ability. Since the superiority of the right ear is due to the

dominance of the left hemisphere in processing verbal informa-

’tion, a relationship between right ear dominance and reading

ability has been postulated. Sparrow & Satz (1970) and Satz &

Van Nostrand (1973) argued for a developmental lag in hemisphere
specialization for r;ading disabled children. While some stud- .
ies found a definitg lack of R.E.A, in disabled readers (Ozbrut, .
1979; Satz & Friel, 1974; Satz, Friel & Rudegeair, 1%26; Witel- d
son & Rabinovitch, 1972; Zurif & Carson, 1970) others have shown
the~magnitude of the R.E.A. to be comparable to that found in

young children (Satz, Rardin & Rosg, 1971; Sparrow & Satz, 1970). e

Similar studies, while not finding a significant right-left

difference, found a trend toward left ear advantage (Leong,
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1976C/Sparrow, 1969; Sparrow & Satz, 1970).

Studies using extremes reading groups have found a posi-
tive correlation between ear-difference scores and reading abil-
ity in, children of ages 9 to 12 (Bakker, 1969; Leong, 1976;

Satz, Rardin & Ross, 1991; Sparrow & Satz, 1970; Witelson &

Rabinovitch, 1972; Zurif & Carson, 1970). However, in younger

subjects (7 to 8 years) the best readexs exhibited a shaller

between ear-difference score (Bakker, Smink & Reitsma, 1973).

Smith (1971) states that perceptual analyses are as
prominent a part of early reading as are syntactic and semantic
opergtions, while with fluent reading the emphasis is placed on
syntax and meaning. Therefore, it has been postulated that
efficient reading is associated with low ear dominance (slightly

a !
left or slightly right) at younger ages and with high ear domi-
nance at older ages, a notion supported by Bakker, Teunissgen &

?osch (1976).

This particular research offered confirmatory evidence

to that provided by Bryden (1970) that girlg and boys of the
@

same age differ in their cerebral dominance-reading relations;

girls establish the adult pattern of left hemisphere dominance

for speech much earlier than boys. This was also supported by

Bakker et al. (1976).
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C. SUMMARY AND IMPLICATIONS FOR PRESENT STUDY

¢

The review of theory and research which has been pre-
sented has dealt with background studies lea&ing to those in-
volving spatial and temporal processing,as well as the relation-
ship between hemisphere specialization and temporal order per-
ceptign. °

Spatial-temporal processing has its origin in research
into sensory integration. Initial studies weéere concerned with
the equating of auditory and visual stimuli, where auditory was

5
synonomous with temporal and visual was synonomous with spatial
presentation. It was found that sensory integration was develop-
mental in nature and that a relationship existed between sensory
integration skily and reading ability; however, the relationship
appeared to be a complex one, found to be dependent upon sex,
developmental level, IQ and socic-economic background of the
individual. Studies which have examiped abilities for matching
auditory with auditory stimuli and visual with visual stimuli
{intra as well as intersensory matches)have found that both
typesﬁof matches differentiated good from poor readers and
that the task having a visdal standard from which to match, was

)

It was noted that not only did the material in the origi-

the easier for both groups.

nal intersensory studies differ in modality of presentation
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but differed also along the spatial-temporal dimension. Sﬁudies
utilizing tests of spatigl and temporal stimuli within the visual
modality elimin&ted\the confounding effegt ofuequating modality
with type of presentation (spatial or temporal). However, stud-
ies of spatial and temporal processing have produced conflict-
ing results. There\is evidence to sugges; that matches whiéh
require a transformation from spatial to tempor;l or from tem-
poral to spatial stimuli are the most difficult {Bryden, 1972)
while other studies (Martin & Sterritt, 1972; Rudel & Denckla,
1976; Sterritt, Martin & Rgdnick, 1971) report t%at of any
matches involving tempcral perception purely temporal matches
are the most difficult.

However, it is difficult to ascertain whether the prob-
lem is one of translation between spatial and temporal stimuli
or .on€ of perception of temporal order, since the previous
research has used different stimuli in their spatial and tem-
poral presentations (patterns of dots vs. flashes of light).
This in itself requires a translation of material. Addition-
ally,lthere are inconsistencies in reported research as to the

-~ order of difficulty of the spatial-temporal tasks for various

age groups. ;
g
The particular cerebral hemisphere involved in temporal
order perception quears to be dependent upon the verbal or

nonverbal hature of the stimuli. Studies using nonverbal
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!
material (musical sequences) found temporal perception to be

mediated by the right hemisphere, whereas studies using verbal
. /
material (flashes of light and figures, which required labelling

in order to report the sequence of presentation) found temporal

\

perception to be mediated by the left hemisphere. Bakker (1972)
\ .

has suggested that the temporal perception of meaniggfu} but

not of meaningless figures is mediated left cerebrally because

the latter do not have a label and therefore are not verbal in

nature.

In the ity of right handed individuals, temporal

order percepfion of vekbal material is mediated by the left

present as| early as age four, whereas other studies have re-
ported equliipotentiality of function as late as ages 6 and 7.
Differencles have also been reported between boys and girls,

with gipls revealing hemisphere specialization at an earlier

age, “ Therefore, it appearxs that in the majority O

development of specialization for certain functions within the~”

appropriate cerebral hemisphefe depends upon the sex, handedness,

and age of the individual. *
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Emphasis in recent research ha; been with individual
differencés in learning patterns, and because of current inter-
est and availability of large numbers of learning disabled
children, much research has been reported on them. There is

correspondingly a dearth of parallel studies with normal chil-

ﬂ dren. The research which will be subsequently outlined should

serve to clarify the controversy regarding spatial-temporal
processing as well as to inves£igate the development of these
abilities in normal children. The development of hemisphere
specialization will be investigated as well as the relation-
ship between hemisphere specialization and temporal order per-
ceptioh and between temporal order perception and reading

—-—

ability.
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ITI. THE EXPERIMENT

It has(been shown that sensory integration is develop-
mentally patterned and is in some manner related tc the growth
of reading skills, at least in the earliest stages, however,

a controversy exists as to whether certain processipg difficul-
ties encountered by children are due to the form of the material

v
presented, or are occasioned by the necessity of changing from

]
»

one form of presentatioﬁ to another (i.e. the transformation
from spatial to temporal). There are also reported differences
as to the age at which the cerebral hemisphereg become special-
ized for cerxain functions, and the age at which a relationship
between temporal order perception and reading ability and be-
twegﬁ tém ral order perception and cerebral dominance exists.
To date, much o; the interest in studies related to these
topics have used subjects, known to have or suspected of having
reading difficulties. It becomes important, therefore, to
examine these processes with children who are classified as

W
'normal’ readers; are not seen as experiencing reading difficul-

)
ties in the eyes of their teachers. 1In particular, because- of

,

werk, with a learning disabled population, currently in progress
within the Department of Educational Psychology at McGill Uni-

versity, a developmental study of 'normal’' readers from the same

. 31
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{ population was desirable to provide some base data for compar-
ison purposes.
A newly developed test, the MacKenzie Spatial-Temporal
} ! Test (see Appendix A) is being used in the investigation cur-
reﬂ£ly taking place. This test consists of meaningless figures
given in both spatial and temporal presentations; there are
four standard to target matches: spatial toAspatial, spatial to .
temporal, temporal to temporal, and temporal to spatial. This ' )
test eliminates the confounding effect of translation of mater-
ial since the same figures are used for both spatial and tem-
poral presentations, and minimizes the memory load for item
( recall since the subject is given the figures and is only re- #
quired to reconstruct the spatial or temporal pres?ntation.
} Also being used in the investigation currently underway is the

Dichotic Digits Test (see Appendix B). This test, modelled

upon the work of Broadbent (1954) which has two different digits ¢
presented simultaneously to the two ears through stereophonic l j
’ earphones, one digit to the left ear, the other to the right L

ear, infers left hemisphere representation for verbal material

if a right ear. advantage is found. .Through this test the devel-

; opment of ear asymmetry can be studied.

Differences in the development of processing skills in
boys and girls and in hemisphere specialization in sinistrals

and dextrals, caused this study to be limited to dextral boys.
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Subjects/were selected as closely 2s possible to the ages of 7.6,
10.7 and 13.7 years to coincide with the ages at which the
'learning disabled' population receive assessments within the
School Board; statuatory procedures require formal 'recognition'
of the state of being 'learning disabled' tqvbe determined or
confirmed, or dmended at these ages. The selection of right
handed male subjects, of the appropriate age, classified as

normal readers required several steps.
A. SELECTION OF SUBJECTS

Fifteen children at each of the three age levels 7.6,
10.7 and 13.7 years, taken from grades two, five and eight par-
ticipated in this study. All children were obtained from four
fainky large elementary schools and one larger %econdary school
of the Lakeshore School Board, the cooperating school board.
All children were believed to come from a middle class socio-
economic background. While the School Board gave general per-
mission for the research, it does not require that schools par-
ticipate, sé that consent of the schools must first be secured,
then parental consent obtained, after being given an explanation
of the nature and purpose of the“study. Thus, for administrative
reasons the number of participating schools was limited, lut
nevertheless schools from different areas of the Boards' juris-

diction were included to widen slightly the socio-economic
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class variable. Teachers were then asked to indicate which
children, of those for whom permission had been obtained, would
in their opinion be classified as normal readers, All left
handers (according to the Harris Test of Lateral Dominance)
were eliminated a:; a random selection of the remaining 'volun-
teers' was made to produce fifteen children at .each of the three
age levels of 7.6, 10.7 and 13.7 years. It is’recognized that
such a sample departs from what is theoretically desirable,
however? considering the limitations imposed on such a study

by the present situation within schools, it may well be the

only kind of sample which will become readily available.
B. SELECTION OF TESTS

General cognitive evidence about this group of teacher-
declared 'normal' readers was sgcured by the individual admini-
stration of the Wechsler Intelligence Scale for Children -
Reviged (WISC-R) and group administration of the Speed and

|
Accuracy subtests of the Gates-MacGinitie Reading Tests, Prim-
arﬁjcs - Form 2, Survey D - Form 2M and Survey E - Form 1M,
respectively. There was individual testing with the MacKenzie
. ;
Spatial-Temporal Test as well as with the Dichotig Digits Test, »
The seri®s of digits of the Dichotic Digits Test were pre-

sented by means of a Realistic Portable Stereo Cassette System,

Model # MD-200. The tape was made available by the courtesy
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of Mr. Laughliﬁ Taylor and is a replica of the original Kimura

(1961a) tape, made in the Department of Psychology, Montreal

Neurological Institute.
C. THE PROCEDURE

All testing was carried out personally between January
and March, 1979, during reqular school hours in a private area
made available by the school for this purpose. At the first
testing session, the examiner spoke briefly with the subjects
to explain éhe purpose of the éxperiment. Subjects were in-
formed that the study involved a series of tests, designed to
show the development of processes involved in learning activi=-
ties in boys at three different ages. The WISC-R was then
administered according to the standardized procedures for the
test. This was followed by each of the four forms of the Mac-
Kenzie Spatial-Temporal Test, administered in a counter-balanéed
order, seven days apart (Appendix C). 1In another session the
S;Chotic Digits Test was given (Appendix D). Finally, there
was a group administration of the required forms of the Speed
and Accuraéy Subtests of the Gates-MacGinitie Reading Tests.
The approximate testing time for each child was two hours (in:

cluding the time for group testing).

When the testing with the MacKenzie Spatial-Temporal ,23/’/a/

PR

Test was completed, each child was asked about the method
2
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adopted in the solution and performance of the various portions
of the test. Scoring of the test (described in‘Appendix C) was
indepen?ent of the replies given by the children. Maximum pos-
sible scores on each subtest was 12, Maximum possible score on

the Dichotic Digits Test was 144.
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IV, . RESULTS

Raw 'scores for all variables are included in computer
t

printout form, as Appendix E.

The characteristics of the sample as measured by the
WISC-R and the Gates MacGinitie Reading Test are presented in

Table 1.

Table 1. WISC-R and reading scores for the three age groups.

Age WISC~-R Reading (z score)
. X %\ __8&d X sd
M N
7.6 119.9 8.433 54.8 6.36
10.7 118.4 6.978 59.3 6.41
5
13.7 121.3 9.758 60.8 7.06

-~

iﬁ analysis of variance was performed on the performance
scoreseof the MacKenzie Spatial—TeBporal Test with the four
forms of the test treated as repeated measures. Results of these
analyses are found in Table 2.
. As indicated in Table 2, significant main effects were
founﬁ for age as they were for test. However, there was no

)

significant interaction between the twe:
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Table 2. BAnalysis of variance - MacKenzie Test.
Sum of Mean
Source df Squares Square F p
A (Age) 2 790.30 395.15 29.02 '0.00001*
S (a) ’ 42 571.90 13.62 .
B (Tests) 3 62.67 20.88 5.33 0.0017*
AB 6 36.90 6.15 1.57 0.1611
BS (A) 126 493,43 3.92

Multiple comparisons of the means of the age groups were

performed using the Scheffe¢ procedure (Kirk, 1968). Results of

this analysis$ are presented in Table 3.

Table 3. Multiple comparisons of age groups on all forms of
MacKenzie Test - Scheff& Procedure. Group means in

ascending order. &
Group Al - 2.6 Years A2 - 10.7 Years A3 - 13,7 Years
407 7.72 9.02
AL“““"\\\\\\:vj(/ 29.35% 53.98*
A2 ' - 3.72

A3 ' -

*differences are significant at the .05 level.

critical F 6.444

s
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As,;ndicated in Table 3, the 7.6 year old children dif-
fered sfé;ificantly from the 10.7 and 13.7 year old groups. ‘ﬁo
significant difference was found between the 10.7 and 13.7 year
olds.

The means of the four forms of the MacKenzie Test were
subjected to multiple comparisons using the Scheffé’Procedure.

These results are presented in Table 4.

Table 4. Multiple compariséns of means of MacKenzie Tests -
Scheff€& Procedure. Test means in ascending order.

B2 _ B4 Bl B3
MacKenzie . S-T T-8 §-S ‘ T-T
Test 6.00 7.00 7.18 7.58
A
B2 _ 5.7547 8.0115 14.3636*
B4 _ 0.1864 1.9355
Bl . N 0.9205

B3 -

*differences are significant at the .05 level.

critical F  8.0325 @

As indicated in Table 4, the only significant difference
found between the tests was between the spatial to temporal and
the temporal to temporal forms.

Following the results presented in Table 2, post hoc

analysis was performed on the MacKenzie Test with IQ as a
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factor. Subjects were divided 1nto two groups, IQ of 116 and
above and 115 and below. Resule of this analysis are presented

}n Table 5.

e
Table 5. Analysis of variance - MacKenzie Test (including IQ
as a factor).

Sum of Mean
Source df Squares Square F p

A (Age) 2 441,94 220.97 19,25 0.0000*
C (IQ) 1 83.62 83.62 7.28 0.0102*
AC 2 36.29 18.14 1.58 0.2188
S (AC) 39 447.71 11.47
B (Tests) 3 77.07 25.6%9 7.05 0.0002*
AB 6 24.68 4.11 1.13 0.3495
BC 3 48.56 16.19 4.45 0.0054*
ABC 6 19.93 3.32 0.91 0.4888
BS (AC) 117 426.06 3.64

[

As indicated in Table 5, the results which were previously
presented (Table 2} still remain. 1In addition a significant
\\ + interaction was found between test and IQ.
The means of the test by IQ interaction were subjected to
multiple comparisons using the Scheffé& Procedure. Results of
g the analyses for the High IQ group are presented in Table 6.
' No significant differences were found between the four forms

of the test.
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Table 6. Multiple comparisons of means of MacKenzie Test for
High IQ group-Scheffé& Procedure.

MacKenzie Test S-T T-S s-S T-T
X 6.97 7.51 7.56 7.85
S-T - 1.16 1.39 3.08
T-S - 0.010 0.460
S-S - 0.335
T-T -

critical F 8,04 s
*differences are significant at the .05 level

Results of the analyses for the Low IQ group are presented
in Table 7. Significant differences were found between the tem-
poral to temporal test and the other three forms: spatial to
temporal, spatial to spatial and temporal to spatial.

Table 7. Multiple comparisons of means of MacKenzie Test for
Low IQ group-Scheffd Procedure.

MacKenzie Test S-T S-S5 T-S T-T
4.19 5.50 5.77 7.98
S-T - 3.77 5.48 31.55*
5-8 - 0.043 13.51*
T~S - 10,73*
T~T -

critical F 8.04
*differences are significant at the .05 level

A
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The scores of the dichotic listening test were subjected
to analysis of variance with the right and left ear scores

treated as repeated measures. The results of these analyses are

presented in Table 8.:

Table 8. Analysis of variance - dichotic digits test.

Source af Sum of Mean P . p
X Squares Square
A (Age) 2 4420, 27 > 2210.13 19.72 0. 0000%*
s (A) 42 4706.13 112,05
B (Tests) 1 1646, 94 1646.94 30.49 0.0000*
AB 2 392,62 196,31 3.63 0.0350*
BS (A) 42 2268.93 54,02

Ag\{i:i:ated in Table 8 significant differences were
found_Betwee “the age groups and between the left and right
ear gcores. A significant interaction was found between age and

ear scores.

Multiple comparisons using the Scheff& Procedure were

’

performed on the means of the dichotic scores for each age

group. Results of these analyses are presented in Table 9.

)
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Table 9. Comparison of right and left ear scores of the dichotic

~ digits test for three age groups - Scheffé& Procedure.

Age X left ear X right ear F

7.6 38.93 53,27 28.52%
10.7 55.00 61.73 6.29%
13.7 60.33 64.93 2.94

’

*differences are significant at .05 level.
critical F 4,08

These analyses re;eal a significant right ear advantage
for the 7.6 and 10.7 year old groups. No right ear advantage
was found in the 13.7 year olds. ‘

Pearson product-moment correlations were computed for
the ear-difference scores (difference between left and right
ears) and the scores of the}temporal to temporal form of the
MacKenzie Spatial-Temporal Test, The results of the analyses
are presented in Table 10. No significant corfelations were

L
found.
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"Table 10. Correlaticohs ~ ear difference scores with temporal
to temporal scores.

Age ‘ Correlation p
7.6 year olds- ~0.18 0.25
(o)
10.7 year olds ~ 0.16 0. 28

13.7 year olds -0,761 0.39

Pearson product-moment correlations were computed for the
Accuracy Score of the Gates MacGinitig Reading Tests and the
(;erformance on,the temporal to temporal form of the MacKenzie
Test. The results of these analyses are presented in Table 11.
As indicated by the results, the only significant correlation

was found in the 10.7 year old group, at the .02 level of signi-

ficance.

Table 11. Correlations - reading scores with temporal' to
temporal scores,

Age Correlation P
7.6 year olds 0.00 0.50
10.7 year olds ) 0.52 0.02
13.7 year olds 0.10 0.36
)

.
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V% DISCUSSION OF THE RESULTS

This experiment was designed to examine the developmental
abilities in spatial-temporal processing in normal Feaders as
well as to explore the relationship between ﬂemisphere special-
ization and performance on purely }emporal tests and the rela-
tionship between reading ability ;;d temporal order perception.
It was also expected that the MacKenzie Spatial-Temporal Test
being’used in this study would &ssist in the clarification of
controversies which ex%st in past research into spatial-temporal
processing. '

The overall performance of the oldest and middle aged

groups (13.7 and 10.7 years, respectively) was found to be sig-

nificantly greater than the performance ¢f the youngest group

I -

(7.6 years) on the MacKenzie Test. There was no significant

difference between the two older groups. The results are in
\ {" -

~%fgreement with the developmental study by Birch and Belmont

(1965b) of auditory and visual integratign whére an azympote

was reached at age ten. However, it is felt that a ceiling

.
effect could be responsible for the present results, since the

v

oldest subjects often obtained perfect scores without a great
J

o

deal of challenge.

The or of difficulty of the tests did not vary with

\ . ~
age. Initial comparisons of the individual test means revealed
45 Coe N
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that for all age groups the only significant difference was be-
tween the S-T (spatial to temporal) and T-T (temporal to temporal)
tests; the S-T being more difficult. This data would appear to
gsupport Bryden's (1972) results since the transformation from .
gspatial to temporal stimuli was significantlgrﬁbre.difficult

than the purely temporal to temporal tests. These results plus

the fact that there was a considerable range in the IQ's of

these subjects led to further analysis.dﬂ$§e mean IQ of these

three groups of declared 'normal' readers was nearly equal (119.9,
118.4 and 121.3, respectively) but the IQ's ranged from 96 to

138. When the groups were further divided into two IQ sub !
groups, 115 and below and 116 and above, a significant inter-
action between test and IQ was found. Comp;rison of the means
in the High IQ group revealed different results from the compar-
isong of the means in the Low IQ group. The analyses seemed to
indicate, as many have thought that subjects of high intelli-
gence have the facility to adopt efficient and flexible strate-
gies for handling the various task§; there were no significant
differences found between the forms of the test for these sub-
aects. However, for g&e low IQ group significant differences
were found between the temporal to temporal test and the other
three forms: spatial to temporal (S-T), spatial to spatial ~

(S-S) and temporal to spatial (T-S), the temporal to temporal
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(T~T) being the least difficult. Once again it would appear that h
he results of Bryden (1972) are supported.

An explanation of the differences in test difficulty is
oﬁfered through observations made while fhe children performed
the tasks and interviews conducted with them upon completion of l
the four forms of the test. All subjects indicated that when
the spatial presentation exceeded three figures, an attempt
was made, to process the pattern temporally. This would explain
the temporal to temporal task being significantly easier since
its presentation and response coincided with the strategies being
used and explain why the spatial to spatial task, which does not
imply a transformation from spatial to temporal stimuli was
more difficult; it was not processed as a spatial test, therefore,
a transformation did take place. All subjects processed the
tasks temporally but those in the Low IQ group did not appear
to be as capable as the High IQ group in rapidly adopting flex-
ible strategies.

All children indicated that they labelled the figures
{even though they were meaningless) and rehearsed the labels
during the five second delay between presentation and response.

The results of the Dichotic Digits Test indicated that
the youngest and middle aged groups di;blayed a significant
right ear advantage. It appears thip asymmetry of cerebral

function was present as early as age 7.6 years which corroborates

3
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the results of Kimura (1963,1967). It appeared once again that
the ear difference scores in the oldest group were masked by a
ceiling effect of the test. |

No significant correlations were found between the tem-
poral to temporal and ear digference scores. These res;lts
appear to support those of Bakker (1967b) in that a relation-
ship between the temporal perception of meaningless” figures and
left hemisphere specialization was not found. However, it has
been shown that these figures were labelled, making them verbal
in nature., The only ageﬁat which a relationship between reading
ability and temporal order perception was found was in the 10.7
year old group and this was significant only at the .02 level.
1t appeared that tﬁe children in this sample had passed the crit-

ical stage at which a temporal order perception and reading

relationship exists.

overall Implications and Suqgestions

for Future Research

The results of this study did not finé developmental
differences with respect to spatial temporal processing; while
the overall performance increased significantiy between the
youngest and oldest and between the youngest and middle aged
groups, the order of difficulty of the tests did not vary wi@h
age. Egr all groups the temporal to temporal task was the

easiest. However, while all subjects indicatéd that they

4
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processed all forms of the test temporally and facilitated this
processity‘attaching a label, those of 115 IQ and below were not
able to do this as successfully as those of higher IQ. Develop-
mental differences between the 10.7 and 13.7 year olds ;ere
masked on the MacKenzie Spatial-Temporal Test and on the Dichotic
Digits Task. Also, a relationship between the latter test and
temporal order perception was not found. ’

These findings present several suggestions for future
research, in respect to the population tested and the tests
used. While it is believed that this sample is representative
of 'normal' readers from the cooperating School Board, it is not
believed that one can easily extrapolate from this group to
other populations. It is therefore suggested that the intel-
lectual level of the subjects be a factor for consideration in
future studies. Pit is felt that a sample at such an advanced
stage does not reveal developmental differences typical in other
populations.

A It is desirable that the upper levels of both the iﬁ;hotic
Digits and MacKenzie Spatial-Temporal Test be increased to avoid
ceiling effects. Further it is suggested that the time allowed
for spatial presentations on the MacKenzie Test be reduced; this
would not allow t?? pattern to be processed temporally and would
therefore provide a better comparison between abilities in

spatial and temporal processing.

»
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VI. SUMMARY

This investigation of spatial-temporal processing and
the relationship between temporal perception and hemisphere
specialization developed from previous research in the area of
sensory integration. The early work of Birch and Belmont re-

. e
ported correlations between deficiencies in the ability to

integrate auditory and visual information and reading difficulty.
“

Further research examining the spatial and temporal aspects of
auditory visual integration has produced conflicting results.
Studies such as Bryden (1972) report that difficulties lie in
the tasks requiring a transfer between spatial and temporal
stimuli, while other studies (e.g. Rudel & Denckla, 1976) report
that temporal order perception is the.problem. Few studies have
dealt with the development of theée abi1i£ie3 in children class-
ified as normal readers, .

The present study atteﬁpted to clarify the issues arriv-
ing from conflicting results¢and to investigate the develop-
‘mental patterns in normal readers as well as to investigate the
relationships between hemisphere specializatién and temporal
order perception and between reading ability and hemisp;wrew
specialization.

The MacKenzie Spatial-Temporal Test offers improvements

over thoge used in past research in that it utilizes the same
50
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fiqures (meaningless symbols) in both spatial and temporal pre-
sentations, eliminating the need for transfer between stimu?i
necessary when flashes of light and patterns of dots weré used.
Additionally, this test reduces the memory load since only order
recall, as opposed to both order and item recall, is required.

The subjects were three graﬁps of right handed males,
aged 7.6, 10.7 and 13.7 vyears, classified as ‘'normal' readers
by their teachers. All subjects were believed to be from a
middle~-class socio-economic background. Characteristics of the
sample were obtained by the WISC~R and the Speed and Accuracy
Subtests of the Gates MacGinitie Reading Tests., All subjects
were administered the four formg of the MacKenzie Spatial-
Temporal Test and the Dichotic Digits Test.

Results of the MacKenzie Spatial-~Temporal Test showed
that while there was an increase in overall performance with
age, the order of difficulty of the four forfis of the test re-
mained the same. Subjects of 116 and above IQ found the four
forms to be of equal difficulty, while subjects of 115 and below
IQ found the forms, S-S, S~T and.T-S to be significantly more
difficult than the T-T. All %ubjects indicated in interviews
conducted upon completion of the testing, that they processed
all forms of the test temporally and that this was facilitated
by the application of a label to each symbol. Results of the

Dichotic Digits Test revealed a significant right ear advantage
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at ages 7.6 and 10.7 years but not at age 13.7 years. Evidence
of a relationship betw;en*yemisphere specialization and temporal
order perception or between temporal order perception and read-
ing ability was not obtained.

Recommendations for future research include suggestions
regarding the selection of a sample of normal readers as well

as recommendations for changes in the MacKenzie and Dichotic

Digits Test.

—s

s

e T

b Al 2 T A Pk e




SN,

T AT

——-" Science, 1968, 12, 62.

BIBLIOGRAPHY

Abravanel, E. The development of intersensory patterning with
regard to selected spatial dimensions. Monographs of
the Society for Research in Child Development, 1968, 33,
(2, Serial No. 118). \

Alworth, R.M. Audiovisual eguivalence of stimuli in acquisitions
at two reading levels, Perceptual and Motor Skills, 1974,
38(3), 1271-1274.

Annett, M. A classification of hand preference by association
analysis., British Journal of Psychology, 1970a, 61,
303-321. :

The growth of manual preference and speed. British
Journal of Psychology, 1970b, 61, 545-558.

Bakker, D.J. Temporal order, meaningfulness, and reading abil-
ity. Perceptual and Motor Skills, 1967a, 24, 1027-1030.

3

Left-right differences in auditory perceﬁfTBn\q§*;erbal
and non-verbal material by children. Quarterly Jougnal

of Experimental Psycholoqy. 1967b, 19, 334-336.

Ear-asymmetry with monaural stimulation. Psychonomic

Ear-asymmetry with monaural stimulation: Task influ-
ences. Cortex,: 1969, 5, 36-42. )

Ear-asymmetry with monaural stimulation: Relations to

lateral dominance and lateral awareness. Neuropsychologia,

1970, 8, 103-117.

. Temporal Order in Disturbed Reading. Rotterdah: Rotter-

dam University Press, 1972.

Bakker, D.J. and Boeijenga, J.A. Ear-order effects on ear-
asymmetry with monaural stimulation. Neuropsychologia,
19701 §_: 385"‘386.

53




et sow g oo

I
-
’

54

Bakker, D.J., Smink, T. and Reitsma, P. Ear dominance and read-
ing abilaity. Cortex, 1973, 9, 301-312.

Bakker, D.J., Teunissen, J. and Bosch, J. Development of
laterality-reading patterns. In R.M. Knights and D.J.
Bakker, (Eds.), Neuropsychology of lLearning Disorders;:
Theoretical Approaches. Baltimore: University Park Press,
1976, p. 207-220.

Bartholomeus, B. and Doehring, D. Acquisition of visual-auditory
associations by good and excellent readers. Perceptual
and Motor Skills, 1972, 35, 847-855.

Beery, J.W. Matching of auditory and visual stimuli by average
and retarded readers. Child Development, 1967, 38, 827-
833. (

Belmont, L. and Birch, H.G. The intellectual profile of retarded
readers. Perceptual and Motor Skills, 1966, 22, 787-816.

Belmont, I., Birch, H.G. and Karp, E. The disordering of inter-
sensory and intrasensory integration by brain damage.
Journal of Nervous and Mental Disease, 1965, 141, 410-
418.

-
Birch, H.G. Dyslexia and the maturation of visual function. In
J. Money (Ed.), Reading Disability: Progress and Research
Needs in Dyslexia. Baltimore: John Hopkins Press, 1962,
161-{77.

Birch, H.G. and Belmont, I. Perceptual analysis and sensory
integration in brain damaged persons. Journal of Genetic
Psychology, 1964, 105, 173-179.

Birch, H.G., Belmont, I., Reilly, T. and Beimont, L. Visual ver-
ticality in hemiplegia. Archives of Neurology, 1961,
5(4), 444-453.

. Somesthetic influences on the perception of visual
verticality in hemiplegia. Archives of Physical Medicine,

1962, 43 (11), 556-560.

Birch, H.G. and Belmont, L. Auditory-visual integration in
normal and retarded readers. American Journal of Ortho-

psychiatry, 1964, 34(5), 852-861. C

Rl T




55 A F A My o as,

—

55

Birch, H.G. and Belmont, L. Auditory-visual integration in
brain-damaged and normal childzxen. Developmental Medi-
cine and Child Neuroloqy, 1965a, 7(2), 135-144.

. Auditory-visual integration, intelligence and reading
ability in school children. Perceptual and Motor Skills,
1965b, 2011},ﬂ295—305.

Birch, H.G. and Bitterman, M.E. Reinforcement and learning: the

process of sensory integration. Psychological Review,
1949, 56, 292-308,.

. Sensory integration and cognitive theory. Psychologi-

cal Review, 1951, 38, 355-361.

Birch, H.G. and Lefford, A. 1Intersensory development in chil-
dren. Monographs of the Society for Research in Child
Development, 1963, 28, (5, Serial No. 89).

. Visual differentiation, intersensory integration and
voluntary motor control. Monographs of the Society for
Research in child Development, 1967, 32, (2, Serial No,
110).

Blank, M. and bridger, W.H. Cross-modal transfer in nursery
school children. Journal of Comparative and Physiologi-
cal Psychology, 1964, 58, 277-282.

. Deficiencies in verbal labelling in retarded readers.
American Journal of Orthopsychiatry, 1966, 36, 840-847.

Blank, M., Weider, S. and Bridger, W.H. Verbal deficiencies in
abstract thinking in early reading retardation. Child
Development, 1968, 39, 823-834.

Branch, C., Milner, B. and Rasmussen, T. Intracarotid sodium
amytal for the lateralization of cerebral speech domi-
nance. Journal of Neurosurgery, 1964, 21, 298-312.

Bridger, W.H. Cognitive factors in perceptual dysfunction. 1In
D.A. Hamburg, K.H. Pribram, and A.J. Stunkard (Eds.),

Perception and its Disorders. Baltimore: Williams and
Wilkins, 1970.

Broadbent, D.E. The role of auditory localization in attention
and memory span. Journal of Experimental Psychology,
19541 iz, 191"1960 N

3

i L




-

sty e T e

[RERN

56

Broadbent, D.E. and Gregory, M. Accuracy of recoghition for
speech presented to the right and left ears. Quarterly
Journal of Experimental Psychology, 1964, 16, 359-360.

Bryant, P.E. Comments on the design of developmental studies
of cross-modal matching and cross-~modal transfer, Cortex,
1968, 4, 127-137.

Bryden, M.P. Ear preference in auditory perception. Journal of
Experimental Psychology, 1963, 65, 103-105. ¥

Tachistoscopic recognition, handednesigjand cerebral
dominance., Neuropsychologia, 1965, 3, 1

Laterality effects in dichotic ligstening: relations
with handedness and reading ability in children. Neuro-
psychologia, 1970, 8, 443-451,

Auditory-visual and sequential spatial matching in
relation to reading ability. Child Development, 1972,
43, 824-832. :

Carr, B.M. Ear effect variables and order of report in dichotic
listening. Cortex, 1969, 5, 63-68. ’

Curry, F.XK.W. A comparison of left-handed and right-handed sub-
jects on verbal and non-verbal dichotic listening tasks.
Cortex, 1967, 3, 343-352,

De Hirsch, K., Jansky, J.J. and Langford,ow.s. Predicting Read-
ing Failure: A Preliminary Study. New York: Harper and
Row, 1966.

Derevensky, J.L. A developmental study of haptic perception of
shape in normal young children and mentally retarded
older children. Unpublished doctoral dissertation,
McGill University, 1976.

. Cross modal functioning and reading achievement. Jour-
nal of Reading Behavior, 1977, 9(3), 233-251l.

Dirks, D. Perception of dichotic and monaural verbal material
and cerebral dominance for speech. Acta Oto-laryngolog-
ica, 1964, 58, 73-80.

PR L W V)

R e




A
€

Pl

, 57
Doehring, D.G. Ear asyhﬁbtry in the discrimination of monaural

tonal sequences. Canadian Journal of Psychology, 1972,
26, 106-110.

Edwards, A.E. and Auger, R. The effect of aphasia on the per-
ception of precedence. Proceedings of the 73rd Annual
Convention of the American Psychological Association,
1965, 207-~208.

&

Efron, R, Temporal perception, aphasia, and déjé vu. Brain,
1963a, 86, 403-424.

. The effect of handedness on the perception of simulan-
eity and temporal order. Brain, 1963b, 86, .261-284.

The effect of stimulus intensity on the perception
of simultaneity in right- and left-handed cases. Brain,
1963c, 86, 285-294,

. In'C.H. Millikan and F.L. Darley (Eds.), Brain Mech-
anisms Underlying Speech and Language. ' New York: Grune
and Stratton, 1967, p. 30.

’

Frankfurter, A. and Honeck, R.P. Ear differences in the recall
of monaurally presented sentences, Quarterly Journal of
Experimental Psychology, 1973, 25, 138-146,

Freides, D. Human information processing and sensory modality:
cross-modal functions, information complexity, memory,
and deficit. Psychological Bulletin, 1974, 81, 284-310.

Ford, M.P. Auditory-visual and tactual-visual integration in
relation to reading ability. Perceptual and Motor Skills,”
1967, 24, 831-841.

Gazzaniga, M.S., Bogen, J.E. and Sperry, R.W. Laterality effects
in somesthesis following cerebral commissurotomy in man.
Neuropsychologia, 1963, 1, 209-215.

»

. Observations in visual perception after disconnection
of the cerebral hemispheres in man. Brain, 1965, 88, 221.

Gazzaniga, M.S. and Hillyard, S.A. Language and speech capacity
of the right hemisphere. 'Neuropsychologia, 1971, 2, 273~
280. ' .

T st s

i PN A 10 K b sl o

e Ay

—— s




Foor memam v ™

A AT R YT T T ot yacs & Vg N b 4

58

Gazzaniga, M.S. and Sperry, R.W. Language after section of the °
cerebral commissure. Brain, 1967, 390, 131.

Geschwind, N. The organization of language and the brain. Sci-
ence, 1970, 170, 940-944.

Gibson, E.J. pPrinciples of Perceptual Learning and Development,
New York: Appletbn-Century-Crofts, 1969.

Goodnow, J.J. Matching auditory and visual series: Modality prob-
lem or translation problem? ¢Child Development, 1971, 42,
1187-1201. .

Gould, J. 1Inter- vs intra-modal performance of college men and
women. DPerceptual and Motor Skills, 1977, 45, 1219-1225.

Groenendaal, H.A. and Bakker, D.J. The part played by mediation
processes in the retention of temporal sequences by two
reading groups. Human Development, 1971, 14, 62-70,

Halliday., A.M. and Mingay, R. Retroactive raising of a sensory
,Jhreshold by a contralateral stimulus. Quarterly Journal
of Experimental Psychology, 1961, 13, 1-11.

Harris, A.J. Harris Tests of Lateral Dominance: Manual of Dir-
ections, (3rd ed.), New York: Psychological Corporation,
1958, ;

4
Hecaen, H. and de Ajuriagquerra, J. Left-handedness; Manual

Superiority and Cerebral Dominance, translated by E.
Ponder. New York: Grune and Stratton, 1964.

Hirsch, I.J. and Sherrick, C.E. Perceived order in different
sense modalities. Journal of Experimental Psychology,
1961, 62, 423-432. '
Q‘ “
Inglis, J. Dichotic listening and cerebral dominance. Acta

Oto-laryngologica, 1965, 60, 232-238.

Jones, B. Cross-modal matching by retarded and normal readers.

Bulletin of the Psychonomic Society, 1974, 3(3-A), 163~ _
165.°

Jorgensen, G.,W. and Hyde, E.M. Auditor§~visual integration and
reading'performances in lower-social class children.
Journal of Educational Psychology, 1974, 66, 718~725,

A4

2

L

o s B L ST s, AR s 4 P

A




- 355-358. .

59

'( / Kahn, D. and Birch, H.G. Development of auditory-visual inte-
gration and reading achievement. Perceptual Motor Skills,
1968, 27, 459-468.

A}

Katz, P. and Deutsch, M. Relation of auditory-visual shifting
to reading achievement. Perceptual and Motor Skills,
1963, 17(2), 327-332.

Keogh, B.K. and Smith, C.E. VisuoZmotor ability for school pre-
diction: A seven-~year study. - Perceptuad and Motor Skills,
1967, 25, 101-110.

>
’

Kimura, D. Some effects of temporal-~lobe damage on auditory‘
perception. Canadian Journal of Psycholoqy, 196la, 15,
156-165 ’

Cerebral dominance and the perception of verbal stimuli.
Canadian Journal of Psychology. 1961b, 15, 166-~17l.

Speech lateralization in young children ds determined
by. an auditory test. Journal of Comparativye Physiology
and Psychology, 1963, 56, 899-902. 3
( T ,
. Left-right differences 'in the perception of melodies.
Quarterly Journal of Experimental Psychology, 1964, 14, ‘ﬁ

;-
+ é !
- . Dual functional-ésymmetry of the brain in visual per=-
ception. Neuropsychologia, 1966, 4, 275-285.

: . Functional asymmetry of the brain in dichotic listen-
' ' ’ ing. Cortex, 1967, 3, 163-178.

Kimura, D. and Folb, S. Neural processing of backward speech
" sgounds. Science, 1968, 161, 395-396,

’ Kimura, D. and Vanderwolf, C.H. The relation between hand pre-
ference and the performance of individual finger move-
) agnts by left and right hands. Brain, 1970, 93, 769-774.
y Kinsbourne, M. and Warrington, E.K. Developmental factors in
reading and writing backwardness. Tn J. Money (Ed.),
The Disabled Reader: Education of the Dyslexic Child.
Baltimore: Jdhn Jopkins Press, 1966, 59-72.

( ) Kirk, R.E. Experimental Desiqgn: Procedures for the Behavioral K

Sciences. Belmont, California: Brooks/Cole Publishing,

1968, =«
L

. * ”~
. £
' ! A
[ 9

&
~3
&

T

AR Tk s i B2 AT oo bG8 St

.t

grun

-
S
[P




»4

60
W

o

Kuhlman, E.S. and Wolking, &.D. Development of within and cross-
modal matching ability in the auditory and visual sense
modalities. Developmental Psychology, 1972, 7(3), 365.

Leéng, C.K. Lateralization in severe{y disabled readers in
relation tc functional cerebral development and synthesis
of information., In R,M, Knights and D.J. Bakker, (Eds.),
Neuropsychology of Learning Disorders: Theoretical
Approaches, Baltimore: University Park Press, 1976, p.

¢\§07—220.

Lishman, W.A. and McMeekan, E.R. Handedness in relation to dir-
ection and degree of cerebral dominance for lanquage.
Cortex, 1977, 13, 30-43.

Lowe, A.D. and Campbell, R.A, Temporal discrimination in apha-
soid and normal children. Journal of Speech and Hearing
Research, 1965, 8, 313-314.

Luria, A.R. Traumatic Aphasia: Its Syndromes, Psychopathology
ind Treatment. Moscow: Academy of Medical Sciences,
947, -

Lyle, J.G. and Goyen, J. Performance of retarded readers on
the WISC and educational tests. Journal of Abnormal

Psxcho%ogx, 1969, 74, 105-112. ;
oy

MacKenzie, B.J. Temporal~spatial processing and reading ability:

A reinterpretation of auditory-visual integration. Unpub-
.lished manuscript, Department of Educational Psychology,
McGill University, 1979.
1

MacKipnon, G.E. and McCarthy, N. Verbal labelling, auditory-
visual integration and reading ability. Canadian Journal
of Behavioral Science, 1973, 5, 124-132. =

( &

Maier, N.R., and Schneirla, T.C. Principles of Animal Psychology,

New York: McGraw-Hill, 1935,

Masland, R.L. In C.H; Millikan and F.L. Darley (ﬁds.), Brain
Mechanisms Underlyind Speech and Lanquage. New York:
Grune & Stratton, 1967. ‘

Meyer, V: and Yates, A.J. Intellectual changes fq;lowing tem-
poral lobectomy for psychomotor epillepsy. Journal of
Neuroclogy, Neurosurgery and Psychialtry, 1955, 18, 44-52.

! @, —

DiRT on Copy- -
: PAGE TACHEE
' v

¢

!
§
,'

B

in e a

&




B Mg g g SR S © o

61

Milner, A.D. and Bryant, P.E. C(Cross-modal matching by young
children. Journal of Comparative and Physiclogical
Psychology, 1970, 71, 453-458.

1

B

Milner, B. Laterality effects in audition. 1In v.B. Mountcastle
(Ed.), Interhemispheric Redations and Cerebral Dominance,
Baltimore: John Hopkins Press, 1962, ‘

. Psychological defects produced by temporal lobe excision.
Proceedings. Association for Research in Nervous and
Mental Diseases, 1958, 36, 244-257.

Mountcastle, V.B. \1nterhemispherié“;;I;éﬂons and Cerebral Dom-
inance. Baltimore: John Hopkins Press, 1962.

Muehl, S. and Kremenak, S. Ability to match information within
and between auditory and visual sense modalities and sub-
sequent reading achievement, Journal of Educational
Psychology, 1966, 57, 230-238.

Ornstein, R. The split and the whole brain. Human Nature, 1978,
1, 76-83.

Ozbrut, J.E, Dichotic listening and bisensory memory skills in
qualitatively diverse dyslexic readers. Journal of Learn-
ing Disabilities, 1979, 12, 304-314.

Penfield, W. and Roberts, L. Speech and Brain Mechanisms.
Princeton, N.J.: Princeton University Press, 1959.

Raab, 'S., Deutsch,ﬁMf and Freedman, A.M. Perceptual shifting .
and set in normal school children of different reading
achievement levels. Perceptual and Motor Skills, 1960,
10, 187-192.

Reilly, D.H. Auditory-visual integration, sex and reading
achievement. Journal of Educational 'Psychology, 1971,
- 62, 4B2-486, B

. Auditory-visual integration, school demographic fea-
tures and re%g}ng achievement. Perceptual and Motor
Skills, 1972, 35, 995~1001.

PO

Rosenzweig, M.R. Representation of the two ears of the auditory
- cortex. American Journal of Physiology, 1951, 167, 147~
A ] 158-
N\

'
4
i
;
é
;

i
1
!

otk

PR P




e e e e s e e

Ross, B.M. and Youniss, J. Ordering of nonverbal items in chil-
dren's recognition memory. Journal of Experimental Child

Psychology, 1969, 8, 20-32.

Rudel, R.G. and Denckla, M.B. Relationship of IQ and reading
score to visual, spatial, and temporal matching tasks.
Journal of Learning Disabilities, 1976, 9(3), 169-178.

Rudel, R.G. and Teuber, H.L. Pattern recognition within and
across sensory modalities in normal and brain-injured
children. Nguropsychologia, 1971, 9, 38%-399.

Rudnick, M., Martin, V. and Sterritt, G. On the relative diffi-
culty of auditory and visual, temporal and spatial, inte-—

grative and nonintegrative sequential pattern comparisons.

Psychonomic Science, 1972, 27, 207-209.

Rudnick, M., Sterritt, G.M. and Flax, M. Auditory and visual
rhythm perception and reading ability. ¢hild Develop-
ment, 1967, 38, 581-587.

N

Ryan, T.A. Interrelations of the sensory systems in perception.
Psychological Bulletin, 1940, 37, 659-698,

Sapir, S.G. Sex differences in perceptual motor development.
Perceptual and Motor Skills, 1966, 22, 987-992,

Satz, P, Laterality effects in dichotic listening: A reply.
Nature, 1968, 218, 277-278.

Satz, P., Achenbach, K., Pattishall, E. and Fennell, E. Order
of report, ear asymmetry and handedness in dichotic lis-
tening. Cortex, 1965, 1, 377-396.

Satz, P. and Friel, J. Some predictive antecedents of specific
reading disability: A preliminary two-year follow-up.
Journal of Learning Disabilities, 1974, 7, 437-444.

Satz, P., Friel, J. and Rudegeair, F. Some predictive anteced-
ents of specific reading disability: A two-, three-~ and
four-year follow-up. 1In J.T. Guthrie (E4.), Aspects of
Reading Acquisition. Baltimore: John Hopkins Press,
1976, '

Satz, P., Levy, C., and Tyson, M. Effects of temporal delays on
the ear asymmetry in dichotic listening. Journal of

Experimental Psychology, 1970, 84(2), 372-374.

i, as, N Eam VY

ERNPPPES. VT AW WSSV,

 —— T

AT

e
e e




RS T SR

P N OR Py

63

Satz,” P., Rardin, D. and Ross, J. An evaluation of a theory of,
specific developmental dyslexia. Child Development,
1971, 42, 2009-2021. i

satz, P. and Van Nostrand, G.K. Developmental dyslexia: An
evaluation of a theory. 1In P, Satz and J.J. Ross (Eds.), .
The Disabled Learner: Early Detection and Intervention. !
Rotterdam: Rotterdam University Press, 1973, p. 17-39.

Senf, G.M. Development of immediate memory for bisensory
stimuli in normal children and children with learning
disorders. Developmental Psychology, 1969, 6, prt. 2.

Senf, G.M. and Feshback, S. Development of bisensory memory in
culturally deprived, dyslexic, and normal readers. Jour-
nal of Educational Psychology, 1970, 61, 461-470.

L T it

Senf, G.M. and Freundl, P.C. Sequential alditory and visual
memory in learning disabled children. Proceedings of
the 80th Annual Convention of the American Psychological
Association, 1972, 7(2), 511-512.

Shankweiler, D. Effects of temporal-lobe damage on perception
of dichotically presented melodies. Journal of Compara- o
tive Physiology and Psychology, 1966, 62, 115-119.

Shenrington, C.S. Man on his Nature- ‘ Cambridge:
Cambridge University Press, 1940.

Smith, F. Understanding Reading: A Psycholinquistic Analysis of
Reading and Learning to Read. New York: Holt, Rinehart
and Winston, -1973. -

Sparrow, S. Reading disability and laterality., Proceedings of
the 77th Annual Convention of the American Psychological 1
Association, 1969, p. 673-679. ’

Sparrow, S. and Satz, P. Dyslexia, laterality and neuropsycho-
logical development. Tn D.J. Bakker and P. Satz (Eds.),
Specific Reading Disability: Advances in Theory and

Method. Rotterdam: Rotterdam University Press, 1970, p.

{

41-60. .
Sperry, R.W., Gazzaniga, M.S. and Bogen, J.H. Interhemispheric, yE
i relationships: The neocortical commisures; Syndromes of

‘hemisphere disconnection. Handbook of Clinical Neurclogy
(Vol. 4). New York: Wiley, 1969.

- ‘




64

Stambak, M. Le probleme du rythme dans le development.de 1l'enfant
dans les dyslexies d'evolution. Enfance, 1951,\§, 480~502.

Sterritt, G., Martin, V., and Rudnick, M. Auditory=-visual and
temporal-spatial integration as determinante of test diffi-
culty. Psychonomic Science, 1971, 23, 289-291.

Sterritt, G.M. and Rudnick, M. Auditory and visual rhythm per-
ception in relation to reading ability in fourth grade
boys. Perceptual and Motor Skills, 1966, 22, 859-864.

Studdert-Kennedy, M. and Shankweiler, D. Hemispheric speciali-
zation for speech perception. Journal of the Acoustical
Society of America, 1970, 48, 579-594.

Subirina, A. The prognosis in aphasia in relation to the factor
of cerebral dominance and handedness. Brain, 1958, 81,
415-425.

Tunturi, A.R. A study on the pathway from the medial geniculate
body to the acoustic cortex in the dog. American Journal
of Physioclogy, 1946, 147, 311-319.

Van Allen, M.W., Benton, A.L., and Gordon, M.C. Temporal dis-
crimination in brain-damaged patients. Neuropsychologia,
1966, 4, 159-167.

Vande Voort, L. and Senf, G.M. Audiovigual integration in re-
tarded readers. Journal of Learming Disabilities, 1973,
6(3), 170-179.

Vande Voort, L., Senf, G.M. and Benton, A.L. Development of
~audiovisual integration in normal and retarded readers.
Child Development, 1972, 43, 1260-1272.

Wada, J. and Rasmussen, T. Intracarotid injection of sodium
amytal for the lateralization of cerebral speech domi-
nance: Experimental and clinical observations. Journal

- of Neuro-surgery, 1960, 17, 266-282.

Walker, H.A. and Birch, H.G. Neuro integrative, deficiency in
schizophrenic ch#ldren. The Journal of Nervous and
- Mental Disease, 1970, 15(2), 104-113.

Witelson, S.F. -‘Developmental dyslexia: Two right hemispheres
and none left, Science, 1977, 195, 309-311,

/

E———"

S A kgt 4 b b

T




-

(“3

@)

C e e e -

65

&

Witelson, S.F. and Rabinovitch, M.S. Hemispheric speech later-
alization in children with auditory-linguistic deficits.
Cortex, 1972, 8, 412-426.

Wohlwill, J.F. Developmental studies of perception. Psychologi-
cal Bulletin, 1960, 57, 249-288.

Zangwill, O. Speech. 1In J. Field (Ed.), Handbook of Physioloqgy,
vol. 3. Wwashington: American Physiological Society, 1960.

gurif, E.B. and Bryden, M.P. Famiiial handedness and left-right
differences in auditory and visual perception. Neuro-

psychologia, 1969, 7(2), 179-187.

Zurif, E.F. and carson, G. Dyslexia in relation to cerebral
dominance and temporal analysis. Neuropsychologia, 1970,
8, 351-36l.

i |

e

St s
-

B TP

< -

T e,

B




()

-yt

@

APPENDIX A

MACKENZIE SPATIAL~TEMPORAL TEST
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Symbols for Temporal Presentation
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Spatial Presentations. The first three grids are practice

trials.
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Examples of grids for spatial response.
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.DICHOTIC DIGITS TEST
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Earphone —---~~

Test 1
395 680
750 293
284 107
132 584
461 579
023 748

Test 2
587 649
417 832
069 © 257
504 196
265 ’ 380
431 976

Change earphones
Test 1

680 395
293 750
107 . 284
584 132
579 461
748 023
Test 2
649 587
832 417
257 069
196 504
380 265

97¢ - 431

— g e

N

Right Left Both

total test 1

o
.

total test 2

total test 1

4

total test 2

' Grand Total
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The time allowed for viewing the symbols varies accogding
to the number of symbols in each presentation., One second is
allowed for each symbol, therefore, the spatial and temporal pre-

sentations range from two to six seconds. There 48 an interval
. - & &
of five setonds between presentation and response. No time

limit is placed on the response, Testing ceases when three con-

secutive errors are made. One score is given for each correct
']
L

presentation. imum possible score on each subtest is 12,
The test has four forms: spatiallfo spatiall spatial to

temporal, temporal ti'temporal and temporal to spatial. The

subject is shown the spatial or temporal presentation and a!Eed

. .
to reconstruct it spatially or temporally. Three practice trials
]

are given for ?ach condition. Unless the first test is a purely

4

temporal one (temporal tortemporal) the subject is shown a sam-

ple spatial representatioh’and instructed as to its interpreta-

tion:

»

“I'1l show you how to read this pattern of x's (show pat-

tern #1). Mfee, we have signs here, and numbers here. The x's
EN .
“h

tell us-about the order the signs are in. See, this sign is

- r] .
first because the x across from it is under number 1, Thig sign
p ) ¢ .
is gsecond because the x across. from it is under number 2."
» s - ‘
"Now look at this pattern."” (show pattern 2). "look at ’

a

the x's. Put your finger on the sign that the x says is first."’

: o i |
(if the subject cannot do this, then say, "It is this sign ~
L : Yy ’ i
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7

4

because the x across from it is under number 1."} "Put your
)

finger on the sign that the x says is second."
’
Go back to card number l.and say, "Is thil sign first or
. \
i
second?" "Is this sign first or second?" Go to c¢card number 2

and say, "Put your finger on the first sign." "Put your finger

on the second sign." Proceed to either the spatial®to spatial,

fl

gpatial to temporal, temporal to temporal or temporal to spatialv
1

condition.

Since it was felt that directions for administering should

be the Bame across age groups, very explicit language was used
14

to ensure understanding in the yocunggst group.
# ’ .
Spatial. to Spatial  J
Experimenter has grids displaying spatial patterns of
symbols., Subject has empﬁy grids.

¢I am going to show you some patterné. After you look
a > .

. at"a pattern and Have wgited for five seconds, I will say 'réady'
and you may begin to make the'pattern with your pencil on this
paper by putégng the x's in the right spaces.” For priFti:e
trials, show patterns #l1 and #2 (for 2 seconds each), wait five
’secénds and say, "Ready now maké the pattern on your paper,"

) show card #3 and say, "Lock)at this pattern. See, now

+we have one more sign and one more number." Prooeed to card #4

(also a practice tyial), display it (for 3 seconds), wailt five
1 4
’ .
r
@:
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seconds and sgy, "Ready, now make the pattern on your paper."
Y
&

Each time a new sign is introduced, show the blank grid first
o
and #gay, "See, now we have one more sign-and one more number,"

Proceed with successive patterns until three consecutive exrors

are made.

Spatial to Temporal
Experimenter has grids displaying spatial patterns of
symbols., Subject has symbols on individual cards. Initially,
©l

the subject has only two cards and is given an additional one
™2

each time a new‘sy?bol is introduced. L
"Now I am going to give you some cards with the signs

SAon them. I will show you a pattern and after five seconds I will
say 'ready'yand you may put‘the signs on your eards in tﬁe same

vorder they are éﬁown in the pattern.” For practice tria}s, show

cards #1 aﬁd #2 (fér t%o seconds each), ;ait five seconds and

say, "Réady, place your cards so that the signg are in the sa&e

order they are shown in the pattarn.”

Show card #3 agé say, "See now we have one more sign and
one more number," Show card #4 (alﬁp a practice trial) for three
seconds, wait five seconds and say. “ﬁéﬁdy, place your cards so
that“the signs are in the same order as they are shown in the
pattern.” Each time a new sign is introducgd, gshow the blank

grid first and say, "See now we have one more sign and one more’
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number, " Proceed with successive patterns until three consecu-

tive errors are made.

Temporal to Temporal
Experimenter and subjects have individual cards with sym-

bols on them. 1Initially the subject has only the first two

cards and is given an additional one each time a new symbol is

introduced. i

"I have some cards for you and some caxds for me. Each

,card has a different sign on it. I am going to show you'my
}

cards in a special order and after five seconds, I will say,

‘ready' and you may place your cards on the table in the same

order. Let's stért with these." [Show sequence 1 and 2 (prac-

n

EN
’ . & . '
tice trials). Then say, "Now we are going to use one more sign,"

% -~

o Give subject sign §: and display the third sequence (also a prac-

-~

tice trial). Proceed withtthe remaining sequences until three

consecutive errors are made. ° N
L4 ' *
h - ¢t
Temporal to Spatial

Experimenter has individual cards with symbols on them

Y

and subject has empty grids. ) ’ ’ '

\WI have some cards with signs on them. I am going to

show theﬂ to you 6he at a timé‘in ‘a ‘'special order. After I have

»

- shown them to you, we will wait for five seconds, ' I will say
: ; :

( o : S |
‘ready', and you may put the x's in the pattern so that they are

¢ o
[ {
' -
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in the same order in which I showed them to you. The gign which

you see first should have an x across from it, under number 1.

The sign which you see second should have an X across from it,

under number 2. Here are the first ones." Show sequence 1 and

2 {practice trials). Then say, "Now we are going to use one

more sign." Show the new sign and pattexrn (grid) #3. Each time
¥

a new si is introduced, the new grid should be shown as well.

Proceed to #4 (a practice trial) and the remaining sequences,

until three consecutive errors are made.
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Twenty~six series of three digit pairs were presented:;
the first 14 series, of which two were practice trials, ét the
rate of two pairs per half second and the next twelve series at
the rate of two pairs per one and a half seconds. The earphones
were exchanged interindividually in order to counterbal;pcé pos-

&
sible channel effects.

Instructions were as follows: "Different numerals will

. be Presented to each ear at the same time, followed by a pause,

When you hear this pause’I would like you to repeat, in any
order, as many numerals as you can remember hearing,”
Digits reported from the right and left ears were totalled

separately. A grand total for both ears and for all series was

also obtained. Maximum possible gcore was 144,
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