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Abstract
b
The development of interhemispheric commmication -speed in

children was -investigated using behavioural reaction time (RT)

paradigms. One hundred and twer;ty right-handed male children, 30 fram

each of four age levels (5-, 7=, 9-, and ll-years) were tested

individually following independent screening for handedness, visual
| acuity and ste;r:eopsis. A series-of six RI‘ tasks were administered; two
tasks we.r"e administered using vibratory tactual stimilation. ’I‘he first
was a control procedure requirif)g manual respond.mg (lif#ing a Afinger)
to bilateral ‘stinulation, the éecond constituted a-simpl;é RT experiment
requiring a similar mtor r&spdnse to unllatera.% stmn.‘iatlon. Four RT
tasks were also a.dmm.stered reqm.rmg smular menual responses to

structured visual stimuli; the first was a control procedure with

bilateral stimuli, whi ited a simpl iment
ilatera 1 le the secorgd reg:resented a simple RT expe.rl\nen;

with unilateral stimuli. 'Two complex choice RT tasks were administered
with each serving as a mutual cohtroi cordition for the other; these
included a letter discrimination task and a line orientation task. All
of the responding was counterbalanced within each task; all RT tasks
were also administered to a nineteen-vear-cld acallosal male subject.
The older children responded faster than the younger children to
bilateral stimulation for both control tasks.- In comparison with older
chlldren, the younger ch:.ldren EXhlblted mgmfzcantly greater response
delay to crossed stimulation on t.he two smple visual and tactual~RT

tasks ‘and also in the complex choice RT experiment. The relatively
- ] .o,
. S



b i
faster responses to crossed stimli  in the/ older ‘children were
attributed~to maturational develogrent of %orebrain commissures and

were interpreted as behavicural evidence of 'developmentdl duangés in

interhemispheric transmission time. The overall pattern of relatively ¢
slower responding to crossed stimalation in.the younger children was -°  °
=

most clearly evic.ient for the vibratory tactual RT experiment ‘ascpposed
to the visual simple and complex choice RT tasks, -s.légesting
differential .rraturé:tiop of the coumlss.:ral systemf Results ,lfor the
acallosal subject indicate that the vibratory tactual RT task has good
face validity and may be sensitive to. the assessneht\of individual
'differences in cerebral development. The results of the present study
were interpreted within the context of a brain-behaviour relétionship
.n'ode;_.- - | ’ ‘ . | g
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INTRODOCTION
_.?
Over the paét forty years nedrcpsycholégigal research has
focussed increasingly on elucidating the structure and functions of the
\

forebrain comissures and, in particular, the corpus callosum. With

regard to human callosal functiocning, much of ocur knowledge has come

.\\k
-/
f
/

from behavioural experimentation with adult patients who either have -

had the callosum surgically sectioned or who have been born without a

corpus callosum. More recently, increased attention has been given to

"~ the develcpment of intérhenﬁsphericl communication in children. This

trend has resulted ncE cnly in’'a m:;re accurate and corplete picture of
callosal function, but has alsc contributed valua.bleﬁ knowledge e_lbout
the changing functional nature of .interhemispheric commnication. |
With respect to the development of  interhemispheric
commnication, Gazzaniga (1970) made what he described as a "novel
interpretation of the developing cerebrum, suggesting that the normal
neonate is born for all practical purposes with a split-brain™ (p.
129). Today, findings fram anatorriig’al and physiclogical studies provide
evidence in support of Gazzanigqv’é (1970) early contention. Yakovlev
|

and Iécours (1567) had, however, recognized even earlier the ccnpletibn

of myelination in the ‘cqr\gus callosum and other fibre systems as a

s&uam;onal maturity, paralleling the emergence

|

of ‘) ious behaviour patterns.

L
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salamy 41978) was the first to establish the existence of
developmental increases in human interhemispheric commnication
velocities by . using evoked potentials (EP). His results ) showed ™ a

progressive- decrease ~in crossed latencies of all peaks of EPs with

increasing age, despite stable uncrossed responses: He attributed: the.

latency decreases to initiation and development of myelination. Since

axon myelination qreatly .increases conduction speed of the action
N (/g .

potential (Carpenter, 1976) and is considered to be a mjor .

characteristic of late development of the human central nervc;us system
(CNS). (Elbt;.rger, 1982), it may be a prime fac‘:tor in understanding many
develépm_antal changes in iqterhanisphefic. ca‘mnmig::'xtion. The majority
of the i.x::vestigato;'s of interhemispheric communication development in

children have attributed positive findings to initiation and campletion

of myelogenesis.

Most children who sérve as subjects in such studies, ; show a

develocomental increase in efficiency' with which information 1is
- transferred between the two: cerebral hemispheres: however, in none of
these studies has there been any definitivé attempt to assess whether
the resulting chronological changes - in organization of behaviour
reflect underlying developmental changes in speed of interhemispheric
transmission. Presently, it is believed that much of skilled huan
adult functioning depends upon rapid and dynamic interhemispheric
commnication (Creutzfeldt, 1981; Powell, 1981; Berlucchi, 1983;
Dimond, 1983). 1In this regard, it is possible that many instances of

functicnal ineptness’ on the part of the child may be due to relatively



Vo \ : )

- .
.slow in—t:.erhemispheric ! c;itmiimication. While investigation of
‘interhemisphéric transm:.ssisn/ rates in acallosal patients (Jeeves, -
1965, 1969; Kinsbourne & fiéher, 1971;- Reynold & Jeeves, 1974; Milner &
Jeeves, 1979; Milner, 1982) Vand in- normal intact adult subjects
'(Jeé\}es, 1969; Jeeves & Dixm:, 1970; Berlucchi, Heron,\ Bymen,
Rizzolatti', ; Umilta, i97l; lucchi, Crea, Di Stefano, & Tassinari,
1977; Milner & Lines, 1982) hds recently increased, the developuent&
rlatu.re of interhemispheric transmission 1is still incompletely
understood, especially with respect to very young children (Jeeves,.
1972; Salamy, 1978). Furthermore, slowed interhemispheric transmission
has keen shown to interfere with successful task campletion in
acallosal children (Sawerwein & Lassoxﬁ‘e 1981; Sawerwein, Lassonde,
Cardu, Geoffroy, 1983), which taken . together with the above
informtios indicates” a o £br better understanding of its
development in normal c.?d’d:en Hmever, to date no behavioufal

;xperm‘ental atten/tﬂ?s glven to the development of speed of

mterhem:.spher:.o" communication.

~

:I'ﬁe purpoge of the present study, thén, is to provide a focused
picture of the qévelo;xrent of interhemispheric cammnication speed. It
‘represents an\ﬁtempt to substant:.ate existing physiological findings
using a hehavicural reactr£ tme (RT) para.dlgm, as well as an initial

behavmural attémpt to’ validate and document effects of maturation on
J&___.—"‘f

J.nterhemspherchcormmmcatlon speed. Spec1f:.cally, the dissertation

will explore the effects of maturation upcon responses to. contralateral .

and ipsilateral, unilateral, visual and tactual stimali in children of



5-, 7-, 9~ and ll-years-of-age.

REVIEW OF THE LITERATURE

Recent theoretical interest in the area of callosal functioning,
has focussed increasingly on the belief that skilled human functioning
in the intact adult often depends upon rapid and . dynamic
interhemispheric cammnication, as opposed to a more rigid dichotomy of
lateralized functioning (;?;rown & Jaffe, 1975; Davis & wada, 1977;
Dimond, 1972; Franco, 1977; Harnad & Doty, 1977; lLuria & Simernitskaya,
1977; Zangwill, 1960). 1In this respect, Luria and Simernitskaya (1977)
assume that all behavicural processes are governed by both hemispheres,

but that each bhemisphere makes its own specific ocontribution.

™7

W
Creutzfeldt (1981) implicates the forebrain commissures as a key

cortical link for the sensory systems. Powe (1981) concludes that
perhaps the most important and essential * function C‘wf the cortex
(including the forebrain commissures) is the intergration and
interpretation of information from several different sensory.pathways
and the formulation of the response to them.

Ei’cm. the large body of literature conce;ning callosally injured
or diseased, brain-bisected and acallosal subjects, several views of

the functional importance of the mature, intact forebrain commissures

have been elaborated. Gazzaniga and IeDoux (1978) have concluded that

-



th“ff—‘ fibre bundles serve as a mechanism by which neural activity
/sensory, perceptual, motor, oognitive and perhaps emotional and
“ motivational) of specific cell populations in cne half-traih is almost
~ simultanecusly duplicated in the interrelated population of the
~opposite hemisphere, providing for- mental -mitly_ or interhemispheriq
equilibrium. Berlucchi (1983) arques that the Functional significance
of these connections lies in the unification of primarily sensory

information coming from the two halves of the body or visual field and,

in general the equalization of activity in corresponding regions of the
two hemispheres. He believes that the cammissures serve to ensure yoked
synéhronous and congruent activity in interrelated areas of the. two
hemisgheres. Dimond (1983) holds that the pathways across the callosum
are aé,' specific in their routes as are the trains of ‘tﬁeg New Yark
subway. As such he believes that the callosum has within itself a map
of the rest of the brain, the fibres of the callosum ser(ring as a vast
and specific network of comunication, allowing activation and
inhibition in precise locales, while interconnecting all important
aspects of the individual via specific callosal fibres. Bianki (1981)
has argued that transcallosal excitation performs three functiens,
which are the modulation of the size, concentration and displacement of
the thalamocortical flow ef excitation, the goal of which is to help
integrate cortical activity. Humphries (198-2) has suggested that in the
mature brain commissural presence may simply represent an extensive and

elaborate fail-safe system.

R



While these diverse views are not necessarily mut exclusive,
the exact functiocnal nature of interl.‘xemisphe.ric camnmicat}on in the
intact human brain is still not well understood. A]F'Ehough some
clarification has been given to the roles élayed by the forebrain
conmissufes, the primary purpose and functionmal nature of these mfibre
bundles remain relatively obscure. Notwithstanding the tentativeness of
ocur present . kricwledge, however, it -seems that all of the various
theo%etical pérséectix}a mentioned above share a common, underlying or
basic, dynamic model of b:;ain organization in which both cerebral
hemi spheres bénefit from sensory input fram the other (via the
forebrain co:migsures) for the representation of the ipsiléteral half
of corporeal and extracorporeal space (Pucetti, 1981). This
interhemispheric duplication effect for sensory representation has been
known for a long time (Pucetti, 1981) but has only recently became the
focus of .research C;from a develogrent'al perspective (Salamy, 19‘%8-). Much
still is unknown about interhemispheric commnication, not dnly with
respect to the intact adult's brain, but especially about the immature
chil_d's brain. 1In view of this fact, the present study will attempt to
add to our }uxwledée of the developing rbrain. It explores one
particular facet of ontogenesi_—s', as yet not behaviourly examined in the
child, the speed of interhemispheric commmnication. The existing
behavicural, anatomical and physioiogical studies which the next three
sections will 'r'eview, provide a picture of our current understanding of

the develomment of callosal interconnections.

Y.



Behavicral Correlates of the Development of the Qorpus Collosum

Gazzaniga (1970) made what he described as a "novel
interpretation of the developing cerebrum, suggesting that the normal
necnate is born for all practical purposes with a split-brain"™ (p.
129). EHe stated "that the young child may be functionally split during
early development" (p. 379, Gazzaniga, 1974). " More specifically,
Gazzaniga (1971, 1974, 198l) believes that interhemispheric
commmication may develop more slowly than intra-hanispheric processing,
because of a relatively late postnatal maturation of the forebrain
cormnissg;res, which would show wp behaviourally -in young children as
interhemispheric  "unconnection", - resembling an  interhemispheric
disconnection syndrome. Indeed, while Gazzaniga provided no data in
support of his hypothesis, eight independent behavioural s'tudies, which
employed various sensorimotor tasks with an emphasis on tactual,
proprioceptive and kinesthetic input, ha‘ve provided behavioural
evidence of a developmental increase in efficiency with which
information is transfered between the two hands or two body sides.

Ellioct and Ccnholly (1974) have investigated the development of

what they describe as competent integration between body sides of

simple and complex hand movements, whether in  sequence or

simultanecusly, in the use of a toy called the Labarynth Game. Briefly,
the game cansists of attempting to roll a marble through a maze, while
aveiding pitfalls, by controlling the balance of the maze platform with

two external knobs, cne for each hand. The subjects were male and

-
-~



female children from 3~ to 6-years-of-age. Qorrect timing of movements
between hands and the déveloplent of bilateral asymmetric movements
appeared only in older children. One possible intezpretation of these
data 1is that_ successful problem solving performance -in the older
children reflected improved .interhemispheric commnication. This
particular interpretation was not suggested by the authors; however, it
seems consistent with their understanding of development.

Finlayson (1976) administered a tactual-motor learning task,
Reitan's six-block version of the Halsﬁead Tactual Performance test
(TPT): to right-handed male and female children, aged fram 5- to
15-years. Inte.rn-anual transfer of learning was significant only after
eight years of age; unfortunately, Finlayson's results may have been
influenced by changes in lateral asymmetry which were not controlled
for in the study .

In another study, right handed children of both sexes between 5-
and l0-years-of-age were asked to localize, out of sight with the
‘thumb, a spot touched on the same hand (uncrossed lateral_ization) or
the homologous spot on the opposite hand with the opposite thumb
(Crossed lateralizatioﬁ). The youngest children rradé few uncrossed
errors, but many crossed errors. By age 8 or 9 most children made no
uncrossed errors and a relatively small number lof crossed errors
(Galin, Diamond, & Herron, 1977). In a further study, Galin, Johnstone,
Nakell, and Herron (1979) asked 3~ and 5-year-old right-handed girls to

feel and compare pillows of various fabrics with either the same

(uncrossed condition) or cpposite hand (crossed condition). Crossed
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errors were a significantly larger proportion of total errors in
3-year-olds than in 5-year-olds.. Both studies included appropriate
control conditions with which alternative interpretations . were
evaluated and eliminated as unlikely, for example, disorientation or
memory dysfunction to crossed stimmli.

O'leary (1980) tested right-handed male and female children at
ages 5-, 7- and 9-years-of-age-on a battery of tasks. Only the results
of the reproduction-of a linear nmogement task supported the
deve]:ogrental hypothesis of increased efficiency in interhemispheric
communication with increasing age. The child was regquired without the
;id of vision to reproduce a line of specific length, following the
passive movement of either hand while grasping a felt-tip marker, along

an open—ended slot provided for quidance. Improvement was measured as a

"decrease in the performance difference between crossed and uncrossed

hand conditions, that is, performance closer to the "standard® by both _
hands. This result was achieved only with the S-year-old group in
comparison to the 5- and 7-year—old groups combined, and nmost
significantly with the left-hand performance. There was no sex
difference.

Denckla (1973) investigated the development _.of speed  in
repetitive and successive finger movements in normal right-handed
children, aged ‘between S5- and 8-years. Both types of movement were
performed more rapidly with increasing age. However, while the
percentage of children performing repetitive taps faster with the right
hand increased with age, the magnitude of the right-hand superiority
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decreased with age. Successive movements with both right and left hands
were performed more rapidly by girls. Only boys, m dféas
percentage with age, failed to perform finger success:.on\arrd'\fallure
was as symmetrical as success. Initially, relatively poor left-sided,
repetitive index-finger-to-thumb performance rapidly 'improved to show
only a very narrow right—ieft difference in repetitive finger tapping
- speed. Denckla (1973) concluded that improvements on the left side may
be accounted for by postulating transfer of learning from one
hemisphere to the other, suggesting that "same neurcphysiclogical
substrates” (the corpus callosum?) which develops with age makes such a
| transfer possible. A

Denckla (1974) made a further assessment of the development of
mbtor' coordination in nornai right-handed children fram 5- to 8;years—
of-age. Balancing and hopping was usually achieved on one foot first,
followed by syn‘net.ncal performance in 80 percent of the chlldren over
8 years. Girls showed greater right/left difference than boys, but to a
significant degree only in the two ydungest age groups. Denckla
proposed as the most likely ' neural mechanism underlying this
developmental pattern, the development of interhemispheric oonnectiéné',_
so that the left hemisphere could dominate motor cutput fram the right
_ hemisphere.

Maxheli (1981) in a recent unpublished dissertation gave a small
battery of tests to right handed 3- and 5-year¥old children of both

sexes. On a motor task (tapping), the speed of bimamual coordination
‘matured relatively later than the unimanual speeds. On a visual-motor
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‘task (an original simplified-yersion of the/RSitan Trail Making Test),

/

there was evidence for a developmental change regarding the
unidirecticnal intemmnual transfer. of  visual-motor informtion.
Resﬁts ‘on both tasks for the younger children are not unlike the
petformance seen by patients who havé had the callosum surgically
se wicned or by patients who have been born without a corpus callosum
(Dennis, 1976; Ferriss‘ & s;en, 1975;_ Rreuter, - Kinsbourne, &
Trevarthen, 1972; Preilowski, 1972; Zaidel & Sperry, 1977). As well,
the results on all of the tasks decribed above (for example, Ellict, &
Connolly, 1974; Finlayson, 1976;°'Galin et al., 1977; Galin et al,,
15579; O'Leary, 1980; Denckla, 1973, 1974) for the younger c;hildren, are
similar to the perfornénce seen in acollasal and surgically split-brain
patients (Chiarello, 1980; Jeeves, 1979).

In summary, although alternative interpretation may be possible,.

these eight different behav'ioura.l investigations have produced findings
- mnsist&t with an hypoth_esis that behavio.ural changes ac‘ixmpany a
gradual maturation of the commissural systems, ! possibly reflecting
ever—greater efficiency i—‘?f intérhemispheric commmnication with
increasing age. This hypot_hésis was also proposed by O'Ieary (1980).
These data also  suggest specificallz that /inte?henispheric
comunication may develoé relatively siower than intrahemispheric
processing since in eve_tg—\ instance m&;:ossed wnimanual performance
ter;c}ed to mature in advanci\.,of successful .crossed (Silaterally

P2y
ical or as ical) performance. In .the last ten years,

(/ numero investigajors have hypothesized that relatively late
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progressive @elinaticn of the corpus callosum may unée.rlie these
behavioural changes, representing gradually increasing ‘efficiency of
interhemispheric transfer of information in the preschool and middle
childhood years into late childhood, or beyond. The qﬁe_stion arises
con_ce:;ning the likelihood of this explanation, especially in regard to
the particular age range of the majority of children examined in these
behavioural st;udies? An examination of the existing relevant anatomical
and physiological studies ;‘:’ollows, and may help to answer this
question.

Anatany of Corpus Callosum During Develcoment

A

Although our knowledge is still incomplete, advances in the
analysis of the neural substrates of interhemispheric commnication
have provided anatomical andbphysiological evidence in further support
of Gazzaniga's (1970) early ceantention that "the normal necnate.is born
... with a split-brain". A descriptive account of the temporal sequence
of events leading tc: the formation of the mature pattern of
interhemispheric organization has ermerged.

In the mature brain, neurons projecting to the corpus callosum o
are distributed primarily in cortical laver IIiI, while the callosal
fibre terminals are seIectiveiy distributed to all cortical layerd —\
{Powell, 198l). Most brain areas contain both hamotopic and heterotopic:

callosai connections. This laminar distribution of callosal neurons and

axon terminals is known as the radial distribution (meaning across
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cortical laminae). In the mature brain, callosal cell bodies and
terminals are also normally restricted to cortical patches surrounded

by or alternating with other patches almost totally devoid of collosal

connections (Wise, & Jones, 1976). An intricate fine spatial

distribution of callosal fibre teminatior‘xs is usually mirrored by a
similar distribution ~ of -czllosai projection neurons, with every
hemisphere seeming to have a unique "callosal fingerprint® (Van Essen,
Newsome, & Bixby,.1982). This distribution of callosal connecticns is
known as the tangential distribution (meaning parallel to the cortical
surface). While the functional significance of both these distributieons
remains an unresolved buzzle, it is known that both distributions
change dramatically as part of normal postnatal development. Neonatal
animals present with an indiscriminate or cmgn:;us distribution of
callosal connections, virtually throughout % entire neocortex. With
time, this immature distribution is refined to the discrete adult
pattern as many -callosal cells of origin and axcnal terminatipns
"disappear", presmrably. as part of normal cortical cellular migration
(Elberger, 1982). The intial ingrowth is seen as diffuse with the
laminar pattern or radial distributicn developing later. In contrast,
the selective modification of the initially diffuse tangential
distr:'tbution is "seen as due in large part to postnatal sensory
experience, as some kind of functional validation of existing
connections (Elbérger, l§82). These changes fraom diffuse t-:o disjunctive
patterns are rapid in the cat, rat and monkey (Jomes, 1981);.-but-; it ;'.s

wncertain how long such poet\natal development takes in the human,

4
<L -
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verhaps being m@. infancy or toddlerhoocd, perhaps as late as

preschool age.

It is also uncertain whether massive cell death is important or
whether elimination of t:ansitory collosal axens from an initial
presence of "super 'abﬁndant“ connections 1is occuring, so-called
"exuberant”- proj(.-:ction.s. The diffuse to patterned-developmental trend
associated with the thalanb;cortic:al systems may extend to commissural
systems (Goldman-Rakic, 1982). Elberger (1982) has indicated that some
of the mature distribution of callesal connections is also genetically
determined. In- this regard, qu;grté and Goldman-Rakic (1982) have

“ildentified a novel category of mature cortical neurons that has both an

_ipsilateral and .contlralateral axen,. The target in the contralateral

.hiemisphere can be either a -hc;notopic or heterotopic': site. Cingulate
né&ms can project simultanecusly to the frontal cortex of one
hemisphere and the parietal cortex of the other. These single neurons
having axon ;ollaterals to ipsilateral and contralateral cortex, were
found to be present tq the same degree in fetgl, newborn and adult
inonkeys, unlike the neurons that have two au-cons only transiently during
development. | Perhaps such early-existing interhemispheric conneetion
- may be ilmportant for interhemisphere ‘transfer and" ir;tegration during
early development.’ N

Many of the major developmental events (for example, dorsal and
ventral induction, net.lronal proliferation, migration and organization)
in the growth of the human ONS cccur prior to birth, but can extend a

few years postnatally (Gabriel, 1980). B&As part of the (NS, the growth
<
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of the corpus.callosum fits within this time frame. The axons meking up
the forebrain commissures crosé fran one hemisphere to the other during
garly prenatal development. All of the forebrain cammissyres are absent
prior to the ninth embryonic week. While the anterigr q;aﬁnissure is
fully formed by 11 to 12 weeks postconception, the inital‘occurance of
calleosal fibres crossing the midline is at 12 to 13 weeks, with the
corpus callosum assuming adult-like shape and position by 18 to 20
weeks (Chiarello, 1980; Elberger, 1982; Selnes, 1974). Prior to the
establishment of the oorpus callosum, all neocortical areas are
interco_nnected via the anterior commissure. ’ By the twentieth
postoonceptual week, however, the commissural projections are rerouted
through the corpus callosum (Berlucchi., 1981). Initially, callosal
fibres are 0.5 to 1.5- microns (um) in diameter, the majority being
about 0.5 um. lLarger diameter fibres are added at different ages, but
by late adulthood anly about 20 percent of the total number of fibres
are in the 2.0 - 6.0 um range ({(Elberger, 1982). G&llosal' fibres
increase in both diameter and léngth, as well as in total number during
postnatal development (Elberger, 1982). )
l‘The earlier events of the growth of the human NS are thoughﬁ to
establish the elaborate circuitry and set the stage for the final
crucial developmental event, myelination of myelogenesis (lVolpe, 1881).
Myelination is seen to be a structural indication of funct‘imal
meturity and the gradual completion of myelination in a fibre system
my be significantly related to the gradual ere_rgence of particular
behaviours (O'Leary, 1980). In Yakovlev's (1962) words, “the
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rrérelinat-ion of the cerebral cortex ... follows an orderly sequence
which parallels the successive phases of the crganization of behaviour
patterns" (Yakovlev, & Lecours, 1967; Lecours, 1975). Myelination of
the axon provides an enormous mcrease in conduction speed of the
acticn potential (Wiggins, 1982), lowers response threshold and renders
the fibre relatively indefai‘.igable (Carpenter, 1976; Eyzaguirre, &
Fidone, 1975). ’ : B

The order of myelination in ontogeny suggests that the cerebral
commissures and the long association fibres of the frontal, temporal
and parietal association cortices are among the last brain structures
to become fully. functional in develogment. Myelination is initiated
later in these brain structurés‘ than in others andg is fully compieted
anly years or even decades after the rest (Yakovlexh & Lecours, 1867).
First, myelination begins in the peri?héi:al nervous system. Second,
shortly thereafter, and Tstill prior to birth, myelin appears in the NS
in components of major sensory sys;:ars ‘(e.c;;., medial lemniscus for
scmesthesis and op-tic tract for visual stinpli, including all specific
thala:rocortical'rad'iations) as well as in compenents of the najqr motor
systems (e.g., cérticospinal and pyramidal tract). Third, myelination
within‘ the cerebral hemisgpheres, particularlyv in those regions
traditionally thought to be involved in higher level association
functions and sensory Vdiscriminations (e.g., association areas,
intracortical neuropil‘ and cerebral commissures} occurs well after
birth and progresses over decades (Volpe, 198l). The reticular

formation is also a slow and very late myelinating structure. The oore
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commissural and long association fibre systems joining the neocorticies
only begin myelination by -the fourth postnatal month, a procéss which
is protracted at least until the 10th birthday and possibly even to the
third decade of life (Yakovlev, & Lecours, 1967).

At ‘most, only about 60 percent of the cammissural fibres become
myelinated (Blinkov, & “Glezer, 1968)., It is been suggested that
although ccn‘@lete myelin rings mey be present in the corpus callosum at
5 months postnatally, probably the myelination does not yet ensheath
the entire axon length; furthermore, the chemical nature of the myelin
present at 5 months may not be the same as that of the adult
(Luttenberg, 1966). Therefore, the functiomal significance of myelin at
5 nmonths is highly questionable (Elberger, 1982); however, to
reiterate, the period of myelination is oconsidered to be a major
characteristic of late development in the human CNS (Elberger, 1982;
Wiggins, 1982).

) ‘In summary, these anatomical investigations show that postnatal
develogrent of the corpus callosum results in mcreases in length,
diameter and number of fibres, with oconcurrent addition of myelin
ensheathment. Redistribution of the axons and the formation of
axode-ndr%tic and axosamatic contact also occurs (Jones, 198l). ﬁowever,
in the young child, the nyélination process may be the prime factor in

the normal development of nuch skilled behaviour requiring dynamic and

rapid interhemispheric commmnication. The physiclogy of the c'.":rpus

callosum also changes from infancy into late childhood. In fact,

maturational changes in the electrophysiological properties aof the

\/'-_.,

L
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callosum are considered central to the mature functioning of the fibre

systems (Salamy, 1878; Yakovlev & Lecours, 19¢7).

Maturational Changes in Physiological Properties of the Callosum

EP has been used to track the development of interhemispheric
commmication. Waveform changes in amplitude, latency and duration with
increasing age have been found in the Kitten (Grafstein, 1963), the rat
(Seggie & Berry, 1972), and young children until 10 years of age
(Salamy, 1978). Grafstein (1963) and Seggie and Berry (1972) attribufed
increase in amplitude to an increase in axodendritic and axoscmatic
synaptic contacts of the callosal fibres. In agreement with these
investigators, Salamy (1978) attributed ;mcreases in interhemispheric

transmission velocities to the initiation and development of

‘myelination. Changes in conduction velocities may also be accounted for

. by growth of callosal axonal diameter and increase in the number of

&

myelinated callosal axons.

Salamy (1978) delivered vibratory stimulation to the left-and
right-index-fingers of his subjects, ranging from two-years-of-age into
adulthood. The results showed a progressive decrease in crossed
latencies of all peaks of EPs with incx:'easing age, despite stable
uncrossed respanses, or a progressive. decline in the crossed-minus-—
uncrossed aifference, asymptoting at about 10 years of age, and
conforming to the known myelogenic cycle of the forebrain commissures.

Prior to 3.5-years-of-age, reliable crossed act';‘.vity could not be
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obtained. Topological adult EP studies have consistently shown the
crossed response as slower and smaller in amplitude than the uncrossed
response, interpreted as due to commissural delay (Andreassi, Ckamura,
& Stern, 1975; Ishiko, Hanamori & Myrayama, 1980; Swanson, Ledlow, &
Kinsbourne, 1978; Rugg & Beawmnt, 1978; wWolpaw, & Penry, 1977).

Since caly the faster @.llosal- axons were likely to be measured
by Salamy’s technique, mediated through axons 2.4 to 6.0 um in
diameter, possibly not more than about 20 percent of the callosal axon
population was involved in his study (Swadlow and waxman, 1979;
Swadkw, Geschwind, & Waxman, 1979.; Tamsch, 1954). Salamy (1978) felt
that his finding would prove useful in assessing cases in which
maturational delay was suspected. Salamy, Fenn, and Bronshvag (19‘79).
also observed a strong relationship between humen brainstem development
and amplitude changes in brainstem EP indicating that electrical
physiologicall maturation of brgin structures is widespread and not
mnique to the forebrain commissures, at least to the age of five years.

“In sumary, the available evidence shows that numerocus
behavioural chénges can accamnpany the gradual meturation of the
commissural —systems, suggesting (i) increasing efficiency of
interhemispheric commnication with increasing age, and (ii) possibly
both less reliable and slower interhemispheric commmnication in younger
children. The anatomical and physiological findings are campelling
evidence for believing that myelogenesis is a key factor in determining
changes in the speed of interhemispheric communication from early

childhood into adolescence.
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_This developmental review places'enEJhasis on the’ corpus .ca'.llosw:n.
Other less praminent routes of interhemispheric commmication include
the massa intermedia, the hippocampal, habenular,. anterior and
posterior comissures, the quadrigeminal plate, and the for.nix,‘ as well
as lthe commissure of the superior colliculi. In most instances the
anatemical and physiological maturation of the corpus callosum has been .

thought to herold functional ability.

e
-

Various behaviours such as intermanual sharing of information and
timing of movements between hands, and a developing hierarchy of
behavioural skills are seen as inlpfoved with increasing age. These
behavioural changes are thought to reflect the develogment of
functional maturity of the. corpus callosum and are seen as being
primarily dependent upon the myelogenic timetable, especially beyond
infancy into 'middle and laté childhocd; siqce the mature pattern of
anatomical cmhectivity may alreaay be established in infancy or early
childhood.

It may be frilitful to make a prediction regarding normal callosal
development in the child o the basis of the accummulated evidence.
Given that the period of myelination is the major characteristic of
late development in the human nervous system, it is reasocnable to
predict that changes in interhemisphere transmission time would be
prevelant and even par;motmt in childhood development, appearing along
with other developmental changes in interhemispheric communication.
Salamy*s (1978) work shows this to be alreaiy a physiolegical fact.

However, a specific prediction is that import\émt behavioural changes in

v
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RT may accampany or be a correlate to the already known physiological,
meturational changes of callosal latencies of tactual EPs. In fact,
similar important, behavioural, developmental RT correlates may also be
hypothesized to exist in regard to visual, llosal, physiological
éctivity. Maturation of interhemisphere transmission rates may be an
important factor in the developrreflt of the commissural fibre systems

>
for optimal functional interaction among all the various cortical areas

in each hemisphere. Thus, a developmental, behavioral RT study would

substantiate the existing physiological data a;'ld would also validate
and document the chronological maturation of any smular behavicural
processes, especially in view of the recent theorétical portrayal of
the mature intact humn as operating’ with dynamic, rapid
interhemispheric ccmmmication. and almost simultaneous, synchronous
interhemispheric duplication of neural activity.

RT measurements per se are not a common compenent of clinical
assessment Batterieé despite .the fact that slowing'of RT is a salient
behavioural characteristic of brain disease (Hansher, & Benton, 1977).
Hd.veve.r, RT determinations have been conducted in both adult (Benton, &
Joynt, 1958; Blackburn, 1958; Bruhn, & Parsons, 1971; De Renzi, &
Faglioni, 19653 Olbrich, 1972) and child clinical populations (Czudner,
& Rotrke, 1970; Rourke, & Czuiner, 1972; Stevens, Boydstun, Ackerman,. &
Dykran, 1968) in order to determine the degree of cerebral integrity.
To éate, however,- there have been neo known behavioural studies
conducted regarding developmental changes in the rate or speed of

interhemispheric commmication in young children. The present

i
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dissertation has undertaken such an investigation through middle‘to
late childhood.

One of the properties of mental events thatl can be studied
directly in the intact organism while the events are taking place is
their duration through the use of RT as a dependent variable (Pachella,
1974). The time required to convey information between the two cerebral
hemispheres over the forebrain commissures 1s reférred’- to " as
interhemispheric transfer ar transmission ting, or transcallosal
transmission time (ITT). This transmission rate was first estingted by
Poffenberger (1912) in his doctoral dissertation in which he introduced
an experimental task and paradigm, that relies on measuring RT to
laterally presentedStimuli. His basic taskyand paradigm (including a
method of subtraction refined from Helmholtz) is still very widely used
and has been adopted in the present study. Relevant studies have
evolved in part f£fom Poffenberger's (1912) work and in part from the
split-brain studies of Sperry (1961} and Gazzaniga (1967, 1969). The
Poffenbe.rgef (1912) model was used in the current study to assess the
effects of maturation on the speed of interhemispheric communication
through middle and late childhood. So—called "split-hrain® phenomena
are notoricusly difficult to investigate due to the inherent bilateral
crganization of the human CNS. However, due to the reported success of
studies using this model with normal and clinical populations and its
applicability to different age levels, it wds adopted fo&: use in the
current investigaticn. Studies employing this model generally ﬁeasu.re

'unilateral responses to unilateral stimuli; however, the varicus
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stimulus and response factors are powerful and require careful
oconsideration and control. In view of this fact, a careful perusal of
the relevant factors was ocompleted; a detailed summary follows,
including discussion concerning the anatomical rationale of the model,
the model's logistics, its general findings, and previous results from

specific populations.

RT Study and ITT Estimation

To begin, an understanding of the vrationale for . the use of

behavioural RT' to determine ITT is required. The underlying anatomical

perspective has regarded afferent input as being acted upen initially
by the hemisphere opposite or contralateral to the side of the body
being stimulat‘ed. Similarly, ﬁotor cammands for the distal musculature
(e.9., hand and finger movements) have been regarded as being initiated
in the contralateral hemisphere. That is, the geniculostriate pathway
guarantees that all visual stimuli arriving from the right visual
half-field (RVF) will initially temﬁnaf.e in the contralateral or left
occipital cortex, and similarly all visual stimuli from the left vis@
half-field (LVF) will initially terminate in the right occipital
cortex. Most of the optic tract fibres (75%) proj-ect to the lateral
geniculate nucleus, the remaining fibres mostly terminate in the
superior colliculi of the midbrain tectum, but still remain fully
lateralized (Antonini, Berlucchi, Marzi, & Sprague, 1979; Berlucchi,

1972; BEdwards, 1977; Gross, Bender, & Mishkin, 1977).
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The dégree of lateralization in the samtosensory system may be
dependent upon the task (Gazzaniga, & ~LeDoux, 1978). The
dorsal-colum-medial-lemiscal pathway is entirely crossed, joining
different points on the body with the contralateral hemisphere. The
thalamic termination of this system is the ventral posterior lateral
' nucleus, which has only contralateral cells. Gazzaniga and IeDoux
(1978)  state that we should expect to find crisp lateralization of
dorsal-colum information (active touch, proprieception, and vibratory
sensibility) but various degrees of lateralization for information
transmitted by way of the spincthalamic system (passive touch,
inclwding roughness, texture, form and localization discriminations; as
well as pain and temperature), {mich has hamlateral projections
(Azylay & Schwartz, 1975; .Gibran, 1962; Ishiko et al, 1980; LaMctte &
ézﬁﬁtcastle, 1975; Poggio & muntcastle, 1960; wall, 1970; willis &
Grossman, 1977).

The motor pathways from the cerebral cortex generally cross the
midline during their descent to innervate muscle groups on the
contralateral body side, particularly for relatively independent finger
moverents. This capacity is mainly provided by the pyramidal tract and
probably especially by the fibres from the precentral gyrus to the
contralateral motorneurcons of distal -extremity muscles (Brinkman, &
Kuypers, 1973; Haaxma & I%uypers,- 1975; Kuypers & Brinkman, 1970;
lawrence & Hopkins, 1976; Lawrence & Kuypers, 1968b; Matsunami, &

Hamada, 1981)..



™ 25

Pof fenberger (1912) argued that the time required for informmticn
to be conveyed between the two hemispheres could be determined by

taking the difference between the RT' latencies for each hand. BHe

predicted that if both sensory input and movement initiation take place

within the same hemisphere (the short Eaathhay), then those RIs obtained

in that situation should Jbe shorter than when sensory input and
rovement initiation occur mthm oppcsite hemispheres (the long
pathvay)l, ﬁaefore requiring interhemispheric commmication.

In fact, as Poffenberger (1912) found, if a subject is asked to
lift his finger quickly in response to a brief light flash, right hand
respanses will usually be faster when gignals are presented in the RVF
(an uncrossed reaction) than when they are presented in the IVF (a
c:rossed. reaction). Similarly, left hand résponses will most often be
faster when signals appear in thé LVF (an uncrossed reacticon) than when
they occur in the RVF (a crossed reaction). These findings have been
reported in a number of recent investigations of simple motor responses
to uniiateral visual and tactual stimulation. When simple RTs are
averéi;_;ed across both hands, and both hemispheres the
crossed-minus-uncrossed difference provides a mean ITT estimate, an
average measure of the speed of interhemispheric transmission. The
crossed-minus-uncrossed difference has been labelled (CUD) by Milner
and Lines (1982) and is synonymous with the ITT definition of the
present study. a |

_ Studies d;esigned to determine ITT may be categorized along

several dimensions, such as (a) nature of stimulus, patterned (e.g.,

PR e I
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« - 7 stimuli). Patterned stimuli'are usually employed in con Junction
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geametric figures, lettérs, worzfls, faces) versus umpatterned (e.g.,
dots, flashes of light); (b) nature of response, manyal versus vocal;
and, (c) nature of task, that is, simple RT (e.g., requiring an
invariant finger movement following every' stimulus) versus two major
models of choice RT tasks (e.g., requiring a go/:'no-go response to a

particular stimulus, or different responses dependent upen different
with an

identificatory response, whereas unpatterned stimuli usually serve when

" -sj.mple detection of the stimulus is required. Y

In this section sttfiies of simple RT tasks to determine ITT will

be reviewed. BAll of these studies have a number of salient features in

-common. The subject is required to maintain fixation on a central

point, while awaitinc;' a very brief unpatterned or simple v:f.su;.l
hal'f—fi-eld stimulus,: to be directed unilaterally to the nasal or
temparal hemiretina. Its duration of usually less than 200 msec is too
brief to perm.Lt foveation of the target. The subject is required %o
respond as quickly as possible, with a single finger movement, without
any eye mvétrent, to half-field visual stimulation. '

In a similar testing situation, Poffenberger (1912) reported an

ITT between 5 and 6 .msec, and his hypothesis has been confirmed by

almost every replication of his procedure, employing wvisual stimuli

{Anzola, Bertoloni, Buchtel, & Rizzolatti, 1977; Berlucchi et al, 1977;
Berlucchl et al, 1971; Di Stefano, Marelli, Marzi, & Berlucchi, 1980;
Jeeves, 196%9; Jeeves & Dixon, 1970, McKeever & Hoff, 1979; Milner &

Lines, 1982). wWith one exception Q(Jeeves, "1965), the recent estimates

ey
L)
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 of the average (UDs have ranged in value from 1.0 msec to just over 3.0
msec. | |
.-

An interesting note ta, this- general finding is that not every
subject w:.t.hm ahy me study has achieved a positive QID. Occasional_ly,
subjects would achieve a positive CUD with cne hand and a negative CUD
#ith the other. In fact, in the Anzola et al., (1977) study, an
unreported negative (UD is apparent from the data whig:h is presented
for overall left hand performance. Smith (1938) reportéd a negative QJD
for half of the 12 cases which he examined, the ‘reverse findiﬁg being
obtained for t?‘e other .p\alf of his cases. The fastest'RTs are scmetimes
seen when thE right hemisphere receives the stimulus and the left
hemisphere initiates the response by the right hand; followed by the
right hemisphere receiving, and the right i‘xemisphere initiating the
respnse with the left hand (Jeeves, 1969, 1972; Jeeves, & Dixom, -
1970).

Notwithstanding this variabiii'ty in findings, enough research hz;s
been done to ensure the reliability of the; ITT measure to be near the
value of 3 msec in the intact adult brain, when manual responses are
measwred in simple RT -tasks, ﬁsing unilateral visual sti:m;latrion. 'I‘;i'e
consistency of the ITT estimetes may reflect the simplicity of the
stimulus om‘tent;, the uncomplicated and invariant nature of the motor
respense, and thg absence oé any necessity to discriminate between
stimuli or chose particular responses. Similar conciusions have been

drawn by Bashore (1981).
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Gazzanlga (1981b) has suggested that the sunple RT task may in
fact be mediated subcortically. while this assumption is a contentlous
. point, it seems reascnable to assume that J.ncreasmg RT task oorrple)uty
» would certa:.nly engage dlfferent cortical processes and changes in the
nature or degree of mterhemspherlc comunication. Evidence to be
examined in the neft two sections shows that adding complexity (i.e.,
requiring stimulus categorization or discrimination and/or response
selection) can alter the overall-latency to respond and apparenﬁ length
of time needed for interpemispheric commmnication. However, some
support for Gaz.zaniga's (iQBle view comes from the" work of LaMctte ané
Mountcastle (1975) who examined the capacities of humans and monkeys to
discriminate .between vibratory stimuli of different freque::c;y and
amplitude. They ooncluded that those aspects of ‘sensation whese codes
require only the ‘detection that a smple dlange has occurred in a
certam set of neurcnal elements do not depend on cerebral oortex, at
least ;mIt unigquely. '

With respect to choice RT tasks, in the go/no—go RT situation, on
any give\:1 trial, a stimulus is either presented or withheld from the
subject whose task oconsists of making a 'respoqse .every time the
stimlus,appearé. Basically, the model for this choice RT task is said
to mvolve two stimuli and cnly a sirgle response that is required for
aly one of the two stimuli but not for the other, thus the descriptive
term simple choice RT task. Unlike the simple RT task,ﬁ in which the
subject regards every trial as idénti_czl, the cognitive field has

became more complex. Now every trial requires a decision in terms of
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stimulus categorization; is the stimulus present or absent, black or

white, one word or another, located to the left or right, etc.? This

particular increase in task complexity, that is, the requirement for

stimilus categorization, is reflected in longer RT's and a much greater

range of IIT estimates (Berlucchi al, 1977; Bowers, fieilman, & Van

Den Abell, 198l; Isseroff, Carmon/ & Nachshon, 1974; Kleinman, Carron,
Cloninger, & Halvachs, 1976;/Moscovitch, & Smith, 1979; smith, &
-Moscovn.tch 1979; Suanson, Tedlow, cited in Swanson, Ledlow, &
Kinsbourne, 1978). These values\ﬁnge’fmg 185 to 391 mset and from 2.7
to 48 msec, respectively. ‘

There exists a still more complex d’lO.‘L e RT task, consisting.of

two stimuli and two respcnses; and a cne-to-me ppihg between them.

The jtxign‘ents or decisions required, inclpde both st:imulus.

categorization and response selection, thus the camplex choice RT
task. The subject is prese:;ed with cn; of b stJ.mulJ., and must
respand consistently with cne of two available reimses.

‘Filbey and Gazzaniga (1969) had -gubject5rmvé a lgver to the left
or right depending upar the detection of a dl‘qt or blank wvisual
Pﬁlf-field. Anzola et al., (1977)- required subjects 3 respend with the

left or right hand depending upen visual field stimulatiom~@radshaw

and Perriment (1970) had subjects use different digits in each
depending upon left or right visual fleldistmnﬂatlon. Finally, Harve
(1978) required his subjects to rest a finger on a middle key, moving
it to another key on the left or right to correspnd with visual

half-field stimulation. 1In this group of studies, ITT estimates ranged

/
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from 10 to almost 50 msec. RT values ranged from 189 to 450 msec. These
complex choice RT studies provide a similar range of RT and ITT values
to those obtained in the simple choice RT studies. / ~
A sizeable number of studies hav/eé;cgnpted to "split" the x;%di
bréin with vocal responses, us:ing choice RT tasks.._ The major group of
studies have requested subjects to respond vocally and differentially
to half-field stimuli, primarily utilizing letters, simple geometric
figures, or dot-present or absent ‘i_nvestigati'ons. .Results have been
inconsistent with scores varying from no significant QiDs to estimates
over 40 msec (Amodeo, Roemer, & Shagass, 1977; Gazzaniga, 1969; Gibson,
Filbey, & Gazzaniga, 1970; McKeever, & Gill, 1972; McKeever, Gill, 4
Van ;eventer, 1975; Moscovitch, & Catlin, 1970). |

-

TRe major problem with all of the vocal RT studies is that th
apparent CUDs could pe-due to either the time taken to cross from
cerebral hemisphere tj the other or to asymmetries betweeré the
hemispheres in E}')eir capacity to process various types of material, or
to process diffew;ently,. similar stimuli (Geffen, Bradshaw, & wWallace,
1971; or Isseroff et al., 1974). There is no adequate control
condition, howéver,- since speetch 1is norrrélly a left hemisphere
function, |

Two studies have attempted using s#&mple. RI"procgdures to'maasure
(JDs with nonidentificatorﬁr vécal responses to lateralized, patterned
visual stimuli. The Geffen et al., (1971) study yielded no significant
results; however, Milner and Lirnes (1982) found s'ignificant_ CUDs

ranging in value from 14.01 through 8.16 to 6.33 msec, decreasing in
} .
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latency as stimulus intensity increased. In a similar manual response
experi:rént, the mean CUD showed no trend tov:ard a decrease as intensity
increased. Vawghan, ta, and Gilden (1966) using bilateral visual
stimilation demcnstrated an overald RT inc:eq.sé.‘!as stimulus intensity
was decreased. Thus, while manual simple RT-tasks almost always yield
consistent ITT estimates, the use of vocal responses yields more
variable findings in both simple and choice Kr_"cmaﬁtimé..

In summary, ITT estimates appear to vary as‘ a function'of task
mmpleﬁty. ITT determination in simple RT tasks, involving unilateral
visual stimulation reciuiring an invariant finger movement, vyields a

very robust measure averaging approximately 3 msec. Increasing task

complexity by introducing either stimulus categorization or respanse -

selection decisions, or botﬁ, produces IIT estimates varying more:

widely in value. BEmploying vocal responding may widen the scgpe of
variability even furthér. Increasing task requirements may involve
engagement of different cogniti\_re processes with concomitant changes in
intrahemispheric processing and perhaps interhemispheric commmication.
while si.xrpie RT tasks seem to pfovide consistent ITT estimates, it is
less clear what porticn of ITT estimates obtained from complex RT task

can actually be attributed to the time required for interhemispheric

- information transfer.

Alth?pgh the contribution of vision to the execution of certain
sensori.motfafr tasks is 1ncontrovertible, the role of somesthesis remins
relatively\enignatic. Connolly (1970) concludes that on the whole a

child has to monitor his motor output more than an adult, adding that
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the child often ;g%ds vision to tell him where his hand is or where he
must place his foot in a staircase. Gradually, visual input is required
less as proprioceptive and/or kinesthetic ctes take over the monitoring
functions: .of1 vision. In the case of adults, there is evidence
indicating an increased dependency on proprioception as the skill
impraves. |

Evidence hints at the importance of samesthetic input. Berman and

Berman (1973) found ‘JEpt forelimb deafferenation in infant nonkeys
\
Vi

prior to delivery resulted in severely retarded finer movements of the

distal musculature. Laszlo (1966.). demonstrated that performance on a
number of skills was markedly disrupted under ischemic nerve block, for
example repetitive tapping, as well as replication of. finger movements
(Glencross, & Oldfield, 1975). Provins (1957) showed that when the
finger is anesthetized distal to ‘the metécazpal-—phalangeal joint, the
acéuracy of reproducing a particular pressure by fle..xion ig impaired.
Asanume (1981) has argued for the necessity of | saresthetic afferent
input from the periphery to the motor cortex in order to control the
dlstal extrezret:.es, especmlly fine movements of the hand and fmgers.
Asunuma (1981) believes t.hat cortico-peripheral loops may be mvolved

“primarily in terms of facilitory excitation to the motor cortex.

Twitchell (1970) has suggested a similar mechanism which may explain -

the case of the child with hemiplegia in which the so-called contact

\facilitator is lacking. Rothwell, Traub, Day, Opese, Thomas and Marsden
(1882) studied manual function in a man deafferrented by a severe

peripheral sensory neuropathy. They found that motor power,

R -7

-
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preprogrammed finger movements, and individual finger movements were
uneffected; however, his hands were reportedly almost usele_ss to him _in
daily life. Dart of his difficulty lay in the absence of any autcmatic
reflex correction in his voluntary movements, and also his inability to
sustain Sonstant levels of miscle contraction without visual feedback
over periods of 1 or 2 secords. BHe ms alsc unable to maintain long
segments of simple motor programmes without vision., In this regard,
Moberg (1983) has pointed out that cutaneous a.ffe.re.nts appear to
provide .:czominant input in nbtor‘function of the hand. In fact, many
cuta.neou; receptors in the hand are activated during movements of a
finger even if no cbject is touched.

Finally, several studies arque for the rela.tive importance of the
right hemipshere in taétual_recognition (Dodds, 1978; Har;‘:is, & Carr,

1981). Evidence also exists supporting develcpmental changes in tactual

’

thresholds (Ghent, 1961), tactual-spatial ability (Flanery, & Balling,

.
1979), and tactual recognition, with each study emphasizing, the

increasing primacy of the right hemisphere through early develcpment.
In view of the apparent importance of scmesthesis, a review of the very
few extant RT studies utilizing taa:ual stimilation is germane to the
present 9355.5.

Moskatova (1966) delivered a hrief discharge of air to the wrist

of 10 subje\;:ts The response was the closi_ng of the thumb and index

finger, to one of which was attached a plastic thimble, to the cther, a'

contact plate. The mean RT via the short pathway was 4.6 msec (ranging

in value fram 2\130 8 msec) less than the RT via the long pathway. In



each of the' 10 subjécts, the CUD difference was ‘positive, although only
significantly so in five of the subjects. Moskatova planned to use what
he described as "this very sensitive index in diagnosis™ (Moskatova,
1966, p. 25). }

Efron (1963a, 1963b) examined judgments of light or electrical
shock onset simultaneity from either visual half-field or either index
finger, respectivély. Far lights %‘;Ebrlight 1 msec flash) or shocks (a 1
msec square pulse) of the same i'ntensity to. ke judged as smmltaneous
in their onset, the le£:t stimilus must precede the right stimulus by
2.0 to 6.0 msec. Efron concluded that the time delay was accounted for
by transfer of information through the corpus callosum to the dominant
hemisphere, where he said the comparison is mede. This model accounted
well for all of his data. ‘ _

Muram and Carmon (1972) administered (electromechanical) pressure
stimulation to the back of the hand of 12 subjects in a simple RT
paradigm. Crossed RI‘s-' were longer by 10 msec, .on the average, than
uncrossed RTs, and vocal RTs to unimanual stimulation were the same for
both hands. The range of increase was between 1 and 27 msec.

In another simple RT study, subjects were asked' to depress a key
with the requisite index finger when ‘they detected a solenoid pin
dropped onto the middle fingernail from a distance of 2 mm. {(Moscovitch,
& Smith, 1979). Latencies were fasi:ést to stimuli ha\:ring direct access
to the hemisphere controlling the responding hand; Thé 'ITT estimate was

approximately 8.5 msec, with values: ranging fram 4 to 14 msec.
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In summary, ITT estimates from -four tactuél/nanual simple §RI‘
studies, in terms of magnitude, are in approximate agreement with the
estd:;_xates produced in the visual/manual simple RT experimentation which
has /b\een reviewed, with the present estimates being somewhat larger and
- ranging in value from 4.6 to 10 msec. Again exceptional results were
obtained by Jeeves (1965) employing vibratory stimulation.

Only a few studies have been conducted with brain-bisected or
acallosal patients. Smith (1947) examined six brain-bisected patients,
-u’sirg'a camplex choice RT procedure, finding no significant QUD, either

pre- or post-cperatively. Only two of the six patients had complete

sectioning of the corpus callosum; however, data from his normal -~

\

control subjects were! consistént with the Poffenberger (1912)
hypothesis. Gazzaniga, Bogen, and Sperry (1965) reported that crossed
visual reactions were not possible at all in their first brain-bisected
pétimt in early post-operative tests. Twenty-four months after
surgery, however, crossed -re.sponses were possible, bu;1t remained
inferior to uncrossed re;;;mses in speed, accuracy and general
cocrdination, A second brain-bsection case is described in t:he same
report as showing "no difference between ipsilateral and contralateral
combinations in RT to a simple flash of light in either half-fi\g]_.gi’ . No
further information was given (Milner, & Jeeves, 1979).

Regarding acallosal patients, Milner and Jeeves (1979) have
concluded that their skilled performance may suffer from lengthening of
interhemispheric transfer time. Lengtheﬁing of ITT in an acallosal

patient was first reported by Jeeves (1965). Jeeves (1969) found that
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in two acallosal subjects crossed RTs were much longer than uncrossed
(17.0 and 61.3 msec longer). In two further experiments with adolescent
acallosal patients, further lengthy delays were notéd, 12.4 and 13.1
msec (Kinsbourne, & Fisher, 1971), and 13.7, 12.2 and 30.4 msec
(Reynolds, & Jeeves, 1974). _All of this acallosal data was collected
from visual/mnual simple RT experimentation. |

Very recently, Milner (1982) has testled a young acallosal WOITED
using three different intensity levels of v:.sual stunulatlon on a
simple RT task. Crossed responses were found, en the average to be
about 20 msec longer than uncroséed respoqses; using manual responding.
An inver;e relation was found between stimulus intensity and magnitude
of the (UD. vVariation in stimulus intensity resulted in a concomitant
inverse not only in RT but also in O;JD, such that in the brightest
condition QUD averaged 14.0 msec, but only 24.3 msec in the faintest
stimalus condition. _

Vocal RTs were also recorded displaying a large advantage‘ of 18
msec for RVF stimulation, but vocal RTs were not affected by changes in
stimulus intensity. These results can be contrasted with those obtained
in a similar RT study (Milner, & Lines, 1982) examining normal adults:
in-which vocal responding yielded ITT measures which were sensitive
variation in 'sti.mulus intensity, while manual ;espmding yielded'\\
relatively insensitive ITT measures. Presently this discrepency remains
mexplained. . .

Two investigators have repopted negative findings in examining

six acallosal patients. While Persson (1970) examined patients with
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‘enly partial agenesis, Ettlinger, Blakemore, Milner and Wilsen (1972)
did not even find a clear retardation of crossed relative to uncrossed
reactions in three total and three partial agenesis cases.
Notwithstanding these negative findings, the simple RT studies
conducted with acallosal subjects provide strong evidence of the fact
that interhemispheric ocammmication in the absence of the corpus
callosum requires a substantial amount of time.

Milner and Jecves (1979) hive recently contended that impaired
acallosal performance on spatial and- bimanual tasks is due to
lengthening of interhemispheric transfer time, . Supportive evidence
comes from work with two acallosal siblings of 10 and 17 years of age,
in which both were impaired in bimanual operations with regard to
speed; but, no differences were found between the acallosal and control
subjects on any transfer task (Saverwein, Lassonde, Cardu, & Geoffroy,
1981). In another study, this acallosal sibiing pair were able to
effect intra- and interhemispheric comparisons from either visual
half-field, but they-respcmded more slowly, especially in the bilateral
condition where they also mede nore errors than controls. Sauerwein and
Lassonde (1983) suggest the intertectal cdmnissures as the most likely
interhemispheric pathway .of visual information in the absence of the
corpus callesum. Finally, Meerwaldt (1983) tested an 8-year-old girl
with agenesis of the corpus callc;sum o | a rod orientation test
requiring  tactile mnipulatidx. When compared with ten neurclogically
normal children, this acallosal child had defective performance and the

longest mean duration in the tactile™part of the test, but only/ when
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using her right hand. Apparently, according to the investigatér, for an
accurate motor response of the right handwe rod crientation test,

-"c:ross-talk" with the rigﬁt posterior region is necessary. Disrupted or

.delayed interhemispheric commmication is characteristics of both

brain-bisected and acallosal patients, and is oconsidered central to
understanding different behavioural limitations in both of these
patient groups (Chiarello, 1980; Gazzaniga, 1965, 1966, 1967, 196§;

Gazzaniga, Bogen, & Sperry, 1963, 1965, 1967; Gazzaniga, Risse,
Springer, Clark, & Wilson, 1975; Jeeves, 1979; Kin'sbouéne &. Fisher,
1971; Milner, 1982; Milner &.Jeeves, 1579; Reynolds & Jeesves,” 19774,
1978; Sperry, Gazzan'iga, & Bogent 1962). Possiblf( both the acallosal
and brain-bisected patient may represent an analogue or model of brain
organization with which to 'understand same aspects of the development

of interhemispheric commmication in c¢hildren.

One study anly (Jeeves, 1972), using a simple RT task, has

examined hemisphere differences in response rates to viswal stimuli in _

children. The subjects were 20 boys whose ages ranged from 9. years 6

months to 1ll-years 5 montBy.” The experimental task was identical to

that used in an ea:r'her study with adult subjects (Jeeves & Dixen,

e 1970), previounsly d"iscussed.‘ Ten of the boys described themselves as

right=handed "and-10 as left-handed. The mean ITT cbtained was 1.30 msec

for all 20 boys and 3.31 msec for right-handed boys nly. Adults

(Jeeves, 1970) have responded faster than these c¢hildren, the magnitude

of this difference being in the order of 50 msec. These particular

/ . | .-‘.
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children also bave tended to yield a wider range of ITT scores than
their adult counterparts.

Although this latter study of-fers no .évidence for developmental
changes in the rate of interhemispheric transmission, data from other
sources, including the anatomical, physiological and behavioral studies
already reviewed, prcviae evidence of postnatal increases in the
efficiency of interhemispheric Sommunication, as well as incentive to
wmdertake an empirical invéstigation of ITT in much younger children.

The simple RT literature for normal intact subjects, including 9- to

1l-year-old boys, shows that transcallosal transmission time can be as’

fast as 1 to 3 ‘msec. This very rapid interhemispheric communication

ability has been shown to be slowed (from 2.7 to at least 50 msec) in
more complex RT tasks, requiring cat;egorizatim. and/or response

decisions; however, the idea ‘that -equally rapid inte:hanispheric

transmission can occur in both the adult and yomg child's brain seems

unlikely. The evidence suggests that in same instances sensor{(

interhemisphefic transfer may not even occur before the age of 3.5

years (Salainry, 1978}.

Statement of the Problem and Hypotheses 2

Over the last decade, we have begun to accumulate knowledge

concerning the development of interhemispheric cammmication. Wwhile

various aspects of this development have attracted experimental

attention, one rather less prominent but perhaps crucial parameter has

k.
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remained uninvestigated in the child and incompletely understood in the
adult; this parameter is the speed of interhemispheric transfer. The
belief- that optimal humn functioning depends upon rapid
interhemispheric transmission, .the apparent aelay of interhemispheric
information transfer in acallosal patients, its association with
further problems of poor performace in these patients, and its possible

association with normal development indicate a need to investigate this

_parameter further. This knowledge may be valuable in beginning to

determine the manner and degree to which speed of interhemispheric
transmission contributes to normal behavioural development and in
elucidating its role in clinical populations such as learnix"xg—disabled
children. o

Beha'\{ioural RT studies in the literature assessing intact adults,
indicate that interhemispheric transmission normally lags behind
intrahemispheric processing by a small but reliable time lapse;
however, no compa.rable. behavioural RT studies have been conducted
through normal childhoced. Since the one existing developmental,
elect.rophysiological. study of intert';ernispheric cc;mumication' speed

(Salamy, 1978) did not determine whether any be}mvioural_differences

existed in RT to ipsilateral (uncrossed) versus contralateral (crossed)

&

stimulation, it is not known from this study whether young children
are, in fact, substantially slower than older children or adults in
behaviourally responding to crossed versus uncrossed stimulation.

Therefore, the present study proposed to clarify the issue of whether
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- behavicural responding in young children to crossed stimlation is
significantly delayed when compared to that of older children.

In addition to determining simply the degree of delay, the

present study will use a protocal which will more fully explore how

young children might showl delayed crossed performance and thereby
increase further the applicability of its findings beyond those of the
previous electrophysiological study. while the previcus -studies
involving hcallosal patients used a protocal which de-erphasized
cognition, through the use of einple RT tasks, the c:urrent study

proposed to determne whether the young cluld's performance would be
nofe sensitive to mterhem:.spherlc delay in a s:.tuat:.on requ:.rmg Iore
oogm;:.ve work. In elaborating the present study then, both simple and
corrple:.-c choice RT tasks using visual stimulation are 'includ_ed".” Since
Gazzan“;ga. (1981b) had pointed out that simple RT tasks Tay not require
cognitive involvement, an experimental condition using. a complex choioe
RT tasksl/v’.ha/s also designed and included. It was recognlzed that in the
complex choice RT task latency to respond might be traded off ' to
perform stimulus categorization (which stimmlus to respond to) a.nd a
response decision (Wthh hand to use) followed by the response,
oonsequently providing an I'I'I‘ estimate which my be fundanentally
dlfferent than an I'I'I‘ estnrate derived fram a simple RT parad:.gm.
. Moreover, the cortex and other brain structure (the cerebellum?) are
probably essential to organlze and allow the response at least in the
camplex choice RT task and poss:.bly in tbe simple RT tasks as well In

this regard, one nay oons:.der Brook's (1981) proposal that when

e,

—

—
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accuracy of responding is required, kin&sthei:ically sensitive, slow,
precentral neurcns are engaged, whereas when speed is of the essence,
kinesthetically less sensitive fast precentral neurons are recruited as
well. This interaction apparently can be achieved through
cerebello-thalamic circuits by - té.rgettiﬁg particular groups of
precentral neurons. Regarding the present study, .these findings suggest

the pbssibility that some precentral neurons may be involved in the

- performance of both the simple and complex choice RT tasks.

Fuxjthe_rrrbre,"in the case of the visual camplex choice RT task, an
atterpt had to be made to control for the possibility of lateral
asymmetry. of function. The traditional view has of course recognized a -
verbal/nonverbal dichotomy in describi;}g cerebral lateralization. In
reg'ard to adults, verbal ﬁaterial 1s usuallf respanded to more qu;'.ckiy
in the RVF, with. nonverbal material rece-iving faster responses in the
IVF ‘(Geffen -et al., 1971; Isseroff et al., 1974). Hemispheric
differences have also been recognized in thedisél’imination of line
orient;ation. Researchers (Umilta, Rizéolétti., Marzi, Zambonl, Franzini,
Carmarda & Berlucchi, 1974) have shown that rectangles oriented with
their major axes .alegg the  vertical and horizontal directdon dre
recognized fastest in the RVF, whereas similar sf€imuli oriented along
othe.r‘ directions are recognized faster in the LVF. In fact, cne'gro_up
of inv-estigators (Fz"ied,- Mateer, Ojemann, Wd'ms_, & Fedio, 1982’J have
shown that .the right cerebral hemisphere. may be sg;éialized in the

adult for the percpeticn and memory of faces and line orientation.
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With chilére.n, identi-fic.atory asymmetric responses to letter
shapes may not occur prior to seven years of age, whereas; asymmetric
respohses to nonverbal shapes appear even socner (Braman, 1978;
Reynolds, & Jeeves, 1978). Carmon, ﬁachshon and Starinsky (1976) found
a clear RVF superiority for perception of ver;bal material by the fifth
grade, bat a slight IVF superiority in the first grade.-Yotmg and ‘Ellis
(1976) invmtigafted -developimﬂ;tal diffe.renges in ability to recognize
faces presented to the léft and right cerebral hemispheres of child;.'en
aged 5-, 7- and ll-years. The results indicated ;ight r{errdsphere
superiority at all ;chree ages. .

A more recent comter¥p$ising perspective must be considered,
however.- Bradshaw and Nettleton (1981) have examined the nature of
hemispheric specialization in man and have sﬁggestéd‘ that the
traditional dichotcrfy is inadequate for campletely describing cerebral
lateralization. They propose that more fundamentally the left
Hemisphe.re is characterized by its mediation of discriminétions
involving duration, temporal order, sequencing and rhythm at the
sensoxl'y‘(tactual, visual and auditory) level, .and especially at the
rotor level (for ihnbs, finge.rs,_ and speech apparatus). From tﬁéir

_theoretical perspective, spatial aspects are said to characterize the
right hemisphere, the mapping of the féxteroceptive body;, and the
position of'the fingers, limbs and perhaps ar'ticuiartors, with respect
to actual and target posit\mns. They say that there ;is a -continuum of
function between the hemispheres, the dif.fe‘rence being quantitative and

by degree, with all action ®aking place in a unified temporal-spatial
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continuum involving botﬁ hemispheres. Sare.independen# support for the
temporal-processing emphasis of the model cames fram work with dirslexic
(Carmon, 1981) and langauge delayed children (Tallal, 1981). '

‘Bradshaw and Nettleton (198l) state that  hemispheric
specialization is determined not-: by the categorical "nature" of the
'stimulus (i.e., verbal or melodic) but rather by how it is pefc:gived.
Sergent (1982) in a recent discussion of basic. determinants of wvisual
field effects, has also argued similarly that when the task aenands are
set equal for vesbal and nonverbal stimuli, and when the conditions of
presentatid'l allow for the achievement éf a visual representation of
similar qx_;\ality, there is- no hemispheric asymmetry as a function of
verbal o-r visual spatiall stimuli proceéses.

Thus, in the present study, the question of possible lategal
asymmetry of function was addressed from both the traditional and more
recent dynamic perspective. Two different tasks (a letter
diﬁcrinﬁnation 'task énd a line orientation task) were chosen in an
attenmpt to control fory the possibility of lateral asymmetry of
functio.n, since each task my differentially tap ‘the functional

specificity of each herm'.sphere. "At the same 'tine, the task demands and

the presentation conditions of the verbal and nonverbal stimili were

designed to be sufficiently equal and congruent so as to possibly
eliminate any hemispheric asymmetry as a function of verbal or

visual-spatial lateral asymetry.



In view of the known nyelpfgenic timetable the following
hypotheses are presented regardir-xg performance in the simple and
camplex choice visual RT experiments:

I. Younger children will exhibit a sj:gnificantly greater
response delay to crossed stimulation in the simple
visual RT experiment than will older children.

II.  Younger children will exhibit a significantly greater
response delay to crossed stimulation in the complex
choice RT experiment than will older cchildren.

Samesthesis appears to be a crucial factor l‘n normal motor
activity especially regarding fine movements of the hand and fingers,.
as well - as being an important component of rig;t hemispheric
functioning. Feor tbesé—reasons,' a tactual stimilation task was included
in the present study.. An additional -reason for exarruflmg/tactual
stimdlation in th«;. present study . stems frem a philosophical
perspective. Carmon (198l) has reiterated the belief of the American
philospher Samel Alexander that "existence is viewed by us in two
modes , o:i“e of space and one of time, with time being a point in space
oand space a point in time". These two dimensions are said to ac;:oi:nt
for the tot:aliﬁy of perception. Many of are percepticns are-‘though%‘tol
be inherently both temporal and spatial. In fact, Gestalt or
tetrpo:al*-spatial contours of stimuli are believed to be represented
both clearly and not so—clearly by the spatialatanporally distribﬁ&d
activity in the neocorticies (Creutzfeldt, 19815. Most importantly,
both visual or ;actual mdzélities can be used by‘us to execute our

- '~
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various temporal épat:}al discriminations. The degree to which young
children actuaﬁ} are slower in responding behaviourally to crossed
tactual stimulation t;as never been assessed, however.
Regarding performance in the simple tactual RT experiment, it is
hypothesized that:
III. Ycunéer children will exhibit a significantly gr—eater
respm'se delay to crossed stimulation in the simple
tactual RT experiment than will older children.
'mt{e current investigatior; will \also assess developmental c§£a;r/1ges.
in behavioural RT meaSures to bilateral visual and tactual stimulation.
With respect to bilateral stimulation, it is propc;sed to determine what
age differences exist during performance on the bilateral RT tasks.
Existing evidence suggeé{:‘s that older daildren in comparison to younger
- children may respend faster to bilateral visual or tactual stimulation.
Regarding re‘sponding an  the bilateral visual 01; tactual
stimilation tésks,. it is hypotHesized that:
"IV.  -Qlder children will respond faster to bilateral
stirixulation_, then younger children.
Finally, the face validity or the sensitivity of the experimental
tasks to the effects of callosal .agenesis will be investigated. The
~ability of® these tasks to accurately reflect recognized performance
limitations in a'callosal Eatients was judged important for determining s g
their future use in research and potential tre.atment of delayed or v |
slowed iﬁterhemispheric information  transfer. Since it is

.characteristic of acallosal patients to demonstrate délayed responses
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to crossed sti.tmﬂ.atic;n it is expected that their crossed response rates
a these task‘s will be most like the younger children.of the présent
study.- A prediction rt'ggarding the sensitivity of these same tasks to
surgical brain—bisectién would be Tore speculative . because of the
pausity of infornation available concerning performance of
brain-bisected patients cn RT tasks designed to assess ITT. Although no
brain-bisected patient is available, a nineteen-year-cld, male
acallosal patient will be asked to attempt all of the tasks in the
current study.

Regarding his perfommnce in all of the tasks, it is hypothesized
that: .

V.  The acallosal patient will exhibit significantly

slower responses to crossed stimulation, as oompared

with older children.



Chapter II,

Sub !ects »

-
The sample chosen consisted of 120 right-handed male children

frc;m four separaf:e age groups: 30 from each age level of 5-, 7-, 9- and
ll-years. The children had to fall into one of the following age ranges
(i) 4 years 6 months to 5 years 6 months; (ii) 6 years 6 months to 7
year$ 6 months; (iii) 8 years 6 months to 9 years 6 months, and, (iv)
10 years 6 months to 11 year§ 6 months. The children were selected from
two public schools of the Ottawa Board of Bducation, with approximetely
half of the children coming from each school. The majority of the older
children came from one school. Cchcerning social and economic status

~—

rros-;t of the children in ti'xese two schools are believed to come from
middle or upper-middie class families. The subjects of the present
study did not constitute a "normal™ or random sample, since all of the
120 children tested on the five tasks were right-handed. However,
almost all ¢f the children who have served as subjects in the
interhemispheric communication literature .have been selected on the
basis of right-handedness. Warrington and Pratt (1981) have suggested
that right— and left-handers may have y.fferences in organization of
cerebral function. This notion is supported by.an RT study with right
and left-handed children in which the left-handed children demonstrated
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a significantly different pattern or inter- and iritra—hemisph;r-i‘c
respanse rates than the riéht—handers (Jeeves, 1972). Maxwell (1981)
has suggested that selecting for right—hahdedness my select out scme
variance in cerebral. organization normally e;lmmtered in the
population. ‘ < .

Nene of the children inclﬁded in the study weire known to have any
neur ical emotional or physical disorders, including learning or
bermvéiour problems, according to their teachers' and the examiner's
obser{:ratims. Five subjects were excluded from the study because they
were identified by their ;ﬁrents as having learning difficulties.
Twelve subjects were also excluded from the study because they were
1unable to perform- any of t.he experimental tasks as well as in same
instances sare of the screening tasks. Subjects were ‘selected for the
study after obtaining parental Qermission and after administration of a
screening procedure. The screening required the children to be right
‘handed  and have age appropriate levels of wvisual acuity and
stereoscopic depth perception ability: cmsecutiv—:qualifying children

were included in the study.

The Screening

The children were tested by the investigator over two, three

~ ’

month periods, from early April to late June, 1981, and from early
September to early December, 1981. All testing tock place o an

individual basis in a quiet roam, which served as a labofatorf within
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the school. All of the 11~ and 9-year-cld children -were tested in four, |
thirty minute sessions, whereas 7- and S5-year-olds were tested in
eJ.ther five or six, thirty minute sessié:ns, aepending upon the child's/\
continued good cooperation and apparent level of attention during eacé‘.\ \" -
session. Testing sessions for each child were spread over a six-, to
eight week pericd, with a seven to fourteen day interval between
sessions. The screening procedures always preceded the experinent“al
testing., Generally, rapport between the children and the examiner
- established initially during the screening was well maintained, with a
nﬁmbe.r of children expressing enjoyment of the “flasiming -light games™,
in particular, the complex choice RT' experiment.

Handedness was determined by observation of both preference and
performance. Hgnd preference was détermined_iny instructing the subject
to pick up a pedcil presented at midline and then write or print his £
name. The hand used to execute. the respmse was :;ecorded as the i |
preferred hand. If the subject could not write or print his name, as
was the case w:'%th about half of the S-M—dds, he was asked to draw a
éirclc‘a, and-complete it as a "happy faér./ A second ‘néasqre of hand
| preference was obtained by observing which hand was used in respanse to”
con;:ands from the examiner to "show me how you would throw a ball" and )
"show me how you would cut with-a pair of sclssors". All children

included in this study showed a right hand preference on all of these

-~
—

tasks, s .‘
. » // V . "
After deter:mining hand preference and performance, each c¢hild was
given a test of wvisual acuity (Snellén E lLette \,@{x}r‘g Imperial

\//
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_Optical, Number 2), followed by a test of ‘tereoscopic depth perception
ability or stereopsis (Titmus, Stereo '_résts, Titnﬁ:é Optical). Only
those chilaren who sho;wed age app;opriéte normal and equal levels of
aye acui‘ty (20/20 = +10) and stereopsis (at least to 80 seconds of
angle) were included in the study. No child was accepted as a subjéct
if he normally wre eye glasses. Dumis. (1980) found that stereopsis
(binocular vision) is presen;: in humn infants, but depends on an
i.ntacﬁ cozlrp callosum. Stereopsis is apparently dependeni:. upon normal,
callosal dévelopment in experimental animals (Elberger, 1979;

Pettigrew, 1974).

The Apparatus and Procedures

A serles of six RT tasks were designed. Two RT tasks’, were
administered using tactual stimulation: The first waes a baseline
control procedure employir;g bilateral tactual stimulation. The second
constituted a \s_irrple RT experiment requiring manual responding to
milateral tactual stimilation. Four RT tasks were administered using
visual stimulation. BAgain, the first was a baseline control procedure
etr;ploying-bilateral vispal stimulation. The second constituted a simple
RT expernnent requiring manual respmses‘to simplé unilateral visual
stinmlatiqrz/.‘ The third and fourth tasks combined, constituted- one
cbmplex choice RT experiment.

For each child, testing was completed first in the tactual
modality, then in the visuwal modality. In both modalities, control
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procedures were administered first, followed by administration of the
simple RT experiments. The complex choice RT experiment was conducted
last and only in the visual modality. The tasks were administered in
this particular order because of the gradually increasing difficuity-'in
their execution-as experienced by the children.All of the experimental

2

and control tasks were administered to cne 19-year-cld acallosal boy. __\
neurclogical patient &f the Children's Hospital of Eastem Cl'ltar;.o\:
Since he was not a resident of this- commmity,. the entire battery was
cﬁnpleted in one morning of testing , in a t.rur;cated version,
Unfortunately, a reduced number of trials on the experimental tasks may
have reduced the reliability of his results. |

The tactual apparatus will be descéribed f@ollowed by a
detailed account of the procedures ' involving . I apparatus.
Subsequently, the visual apparatus and procedures will be~discussed in
detail. Same general caments regarding the experimental apparatus and

procedures will be made throughout the chapter.

e The Tactual Apparatus

~
AN

The ‘.:actuai~ RT apparatus consisted of tub sources -of vibratory
stimalation, one for each hand, and two response keys, one for each
hand. The vibratory sources were constructed from an identical pair of
small_ speakers (Hokutone, 8 chms, 0.2 uatts) each measuring 5 cm in

C / diameter. Each speaker was suspended face up on a similar silzed 0.5 cm

+thick ring cut from anti-static foam, supported by a large polystyrene
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‘foam base and housed in a plexiglass frame. The diaphragm of each
speaker was free to vibrate; however, the diaphragms per se were not
well suited in shape or size for uniformly co';iducting vibrations to the
subject's fingerﬁ._'l‘hefefore, a circular disk (0.5 ¢m thick, by 3 an in
diameter) cut from anti-static foam was affixed to the centre of each
diaphraém. This disk provided a level surface which was free to pulsate
in union with the diaphragm. Atop this surface was laia a large firm
trisngular piece of anti-static foam (0.5 cm thick, 18 cm long, by .10
cn wide} which provided the vibratory surface upon which the child
would place his fingers in order to detect the stimulus. This vibratory
.sxérfaqe was fitted with structural guides allowing freedom of vertical
nr;vezmt, but fixing the surface in the horizontal plane.- ‘

During experimentation, speaker diaphragms when puléed, ‘\;ibrated _
- very briefly at the rate of 69 cy(;les per second, for a duration of 75
msec. The stimulators could be pulsed independently or simultanecusly.
The similarity~in vibration intensity of the two sources was assessed
using an oscilloscope.  In order to control for the possibility of
significan‘t differences in vibratien iritensi"ty between the two
.stimulators, the position of the stimulators was interchanged half way
through an experimental session for each child. The stimulators were
independent, frnveable, free standing gtructures. An attempt was also
made to reduce the auditory _signais from the stinmlators, by wiring in
'series, a resistor (10 ohms), and in parallel, %. capacitor (100

microfarads, 0.63 volts).

-
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. All of the children sat in an adjustable chair wh:.c:h accommodated

‘to the child's overall stature and size, a'sl well as to his arm length.-
Each vibratory stinmlatbi‘ stood adjacent to e respohsé key, s\c(J that

tﬁe child could depress the key with his index finger, spreading

“surface. The
child's finger pads we.re :& contact with the vibratory éarface. The two
respanse keys, which fonne;;{ an integral ‘pa‘lrt._;\of the RT circuit, were
constructed from microswitches (Micro Switch, V3L-131-D8) and installed
e in each arm-rest. _
\ An electronic cour;tér (Dawe Digital Frequency Meter, Counter and
h 'i‘i.mér, serial 1066,‘ type 901A) measured to the nearest hundred of a
millisecond the, interval between the caset of the RT Signal and the
release of the key, in all of the RT tasks of the present stuay.
Finally, each subject was required L0 wear a set of stereo
“ headphones (Koss, PRO/4RAA) through which a white noise was generated
to mask any auditory signals' regarding stimulus onset. The‘hea_ging of

/

these-headphones with t}he accamanyving white noise was also réqui_red in

‘e;rery RT task of the present study. All "onset” signals were

-’ ~

satisfactorily masked. ~

The Téctual,Cox::trol Procedur ’ '_ o
: ° 7

In order to identify & opmental changes “In RT independent of

stimulus- lateralization a controlk pr‘oce'dure was conducted in which a
simple unilateral response was required - to bilateral tactual

o

#
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stimilation. A total of 3% trials was administered, in tup Blocks of 16 -
trials each, using the r}'ght or left hand in ead':- block.

For- all of the RT tasks mcluded in the present study, fornal
testing began only after an informal pract:l\ce_perlod during whlch the

child was acquainted with the particular experimental situation. The

. younger children usually required a larger ‘number of practice trials in

order to achieve smooth coordinated performance: to a criterion of
eight out of eight correct respanses for all ages levels.

A trial was initiated when a subject indicated his readmess to

_begm ‘by pressing down the r:.ght {left) key and placing the cther

fingers of both hands as indicated above. In thig control procedure,
t.he stimulators* were pulsed bilaterally. 'I‘he chlld was asked to lift
the approprlate finger .umedlately followlng the 3tJ.mulus delivery. AIL'Ll A
of the R‘I‘ tasks in the present study were intrcduced as a game. The

wording - was. made appropriate to each child and each age level.

; Ebllowing the 32 tactual cgntrol t_rials, the subject's mean Rrs for’

" each hand were calculated for subsequent analysis. 'I‘he order in which

hands were tested was counterbalanced ac:ross subjects. )
The tactual control testing was not initiated at the start of the
thesis experimentation but was introduced later; ‘consequently not all

of the subjects in the study provided data on thie particular measure.

AaY
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The Tactual Simple RT Experiment

V-4

The general procedural plan’ of the simple RT experiment was

follows: the subject was asked, first, to hold down one key @ith

right (left) index finger, having appropriately placed the oth

'fmgers of both hands, and seccné to lift his right (left) index

fmger, as fast as pOSSlble following a v1bratory stimulus to ‘either
hand. The stimuli were applled to the finger pads of the right and left

hands an equal number of times, on a flxed-random bas:.s, with no runs

' of more than three saue-51de stimuli.

The~entire tactual siniple RT experiment consisted of 96 formal
trials, having 48 trials for each hand: 'I‘wehty four trials were
administered to the right (left) hand, followed by 24 trials to the

left (right) hand, at which point the stlmulators were mterchanged

between the two hands, and the procedure was repeated. The order of

requ:ding (right—- or. left—h'and first) was counterbalanced across
subjects. As m the tactual control procedure, each trial lasted 5
seconds, .with a 1 to 3 second interval between trials. For the analysis
of the data, the mean RI's were calculated for each ofi the four
;stmmlu@spmse combinations: stimulus ‘to the right‘ hemispehre/right
nand respending; stimulus to the right hemispehre/left hand re:spondihg;
stimulus to the left hemisphere/right hand responding; and stimulus to
the left hemisphere/left hdnd responding. Each stimulus/response

situation was represented by 24.trials..
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Each' session was oohduct.ed with two experimenters. 1In, both
‘tactual RT tasks, each trial was initiated by one experimenter, who
also monitored the child's finger positions and motor behavior. A
second experimenter, who‘also monitored the’ child's finée.r positions
and motor behavior, recorded the response. latencies after each trial
eoto individual score sheets. The data vas also automatically recorded

onto videotape for all of: the RT tasks in the present study.
4] M . . R

3

- -

The Visual Apparatus

3

The ?’isﬁalJ RT apparatus consisted of two display windows with two
respanse keys, cne for edch hand. ¥Fach §E the display windows (15 cm X
21.5-cm) was constructed of 1 cm thick matte black glastic through
which was mounted a series of 23 red point 'sourr.'\?dg/h@:::itting dicdes
(LED). Each LED (0.4 am ffa- diameter) was p precise{y 1 cm apart,
measured from the diode oentres,‘_\‘foming an (4.5 cm x 6.3 am) array or
matrix. _Overlapping porticns of- the matrix could ,be. mdependently
‘illuminated to produce \;'arioﬁs stimulus )Jatterns. Each LED subtended
0.4 _degrees of wvisual .angle with | a luminance output of 16.0
'@lli@deh (Fairchild, MvS 752). The LED stimuli were lighted very.
br.iefly for a 75 msec duration, using a 6 milliampere current.at 1.9%
volts, with a rise and fall time éhorter than one msec.

Bd:hﬁdigelay windows were mounted n a mette bldck background

screen (63.8 am x 79.2 cn). The subject was seated directly in front of

the screen with his head  positioned in anﬁadaustable head-and-chin

PR -

- ”
-

w
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rest, He was asked to fixate on a clearly visible po:.nt of the screen.
Each window was equidistant (53.5 cn) from the eye it was to stimulate
and was tilted slightly inward, so that the display surfaces were

effectively part of a visual curve, such that virtuwally ali stimalus

points, including the point for central ffmtim, were equidistant fram®

the subje;t's eyes. A _shiny unlit LED provided the mark £for central
fixation. _ - _ . - —

Depending upan which specific LED patterns were illmn,ina'ted, four
well-circumscribed visue_xl ireges ‘could be flashed e atea t:irne»:into
either or both visual half-fields. The sti.t‘nu'li_ included (a) the letters
"T" or "L", " (b) two "luminous lines” or "Bars of light", one oriented
verticdlly, the other horizantally, and (c) cne simple Iighted "star”

or "cross" appearing as a five pomt (LED) cluster. The' LED display

windows were poeutloned n oppos:.te 31des of and level mth the

fJ.xatJ.on mark. The stimuli extended from' appr:ox:.mtely 20.5 to 24.5

degtees of visual angle from fixation and the distance between the
""‘--___

fixation po:.nt and the centre of the stimuli was approximately 22 cm or

22.5 degrees of visual angle. Each star stimulus subtended 4.7 x 4.7

degrees of visual angle; each letter stimulﬁs,_ 4.7 x 6.8 degrees‘;gand

each line or bar stimuluys, 4.7 x 0.4 degrees of visual angle. The bar

or lme stlmull would have produced the smallest ammt\of intensity of
stlrmz.latlon, campared to the other stimuli. .

The apparatus was constructed in such a way that the stimali were
directed only to the nasal hemiretina of each eye. The child's visual

field was divided bLtwo opague screens which' ran parallel to his lige

e e
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of vision. One screen was inserted 5 -cm to the right of the LVF

display, the oth&r screen, 5 cm to the left of the RVF display. The |

screens had the effect of directing singals from each window"

exclusively to aaly cne of the hemiretina. Each screen extended at
fight angles from their respective display windows for a distance of
43.5 cm to ensure that the child saw cnly the correct window. These
dividing screens could be adjusf:éd, but cnce set, t.:héy suited all of
the children without need for furEher rearrangement. |

Each display window was covered with z-.: 1 om thick pigce of
transparent dark red pl_e.xiglass, intended to eliminate the preempting
of anv stimulus, by its wnlit configuration within the matrix, Althéaugh
the pléxiglass was clear ar t.ranspa.rént, its red colour vas deep epough
to ;réventﬂthe subje;:t‘fran discerning the unlit LED array. .

Immediately behind the central fixation mark, and pa;tially

occluded by it, was the lens of a closed circuit T.V. camera and

recording system, which allowed the experimenter automatically to
. T . .
observe and record whether the child had fixated before signals for the

respose were givén.‘ with this technique, the eyes of each child were

clearly visible, and a deflection of less than 2 degrees of wvisual -

angle could be r'e}_iab'i.l.y detected. The experimenter always restored the

c;hilc‘i's eye poéitim-_aéter every lateral eye movement, rest or pause.
Finally, each respcnse key, similar to those used in the tactual

‘RI‘ tasks, was mounted in a plexiglass case a-nd positimed' to the

_child's side,A omi%ortably accammodating his arm. ’
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The General Visual Procedure

-

r

. The general procedure r@ﬁ the child to fixate the mark,
depresls'the key(s) with the requ‘isite index finger(s), and lift the
correct finger as fast as possible féllowing the apéropriatge stimulus,
while mmintaining fixation. ‘Care was taken in emwphasizing the
importance of always locking directly at the fixation point. The child
was réminded to "lock at the spot" every time his gaze deviated. The
form of this instruction sometimes varied to help minimize the

possibility.of .its being ignor?l. The child was told that this was the

-.best way to see the light “flashes and that the experimenter would

/_ caréfully watch his eyes through the camera behind the screen. Both

eyes remained open at all time, except when the child blinked.

Each session was conducted with two experimenters. One
-

exper imenter lmonitored the child's eye positions over the closed

circuit T.V. while recording the RT for each trial. The. second
( experimenter sat beside the child similariy monitoring the child's eye
fixation and initiating the individual trials. This experimenter could
a{;:.o directly’ monitor the child's finger positions and motor respenses.
wl';en a trial was initiated by the experimenter, a videotape recording
of the d'lild':s, direction of gaze was begun automatically two seconds
before the stimulus was delivered and continued for “three seconds
following the stimulus o'rllset. Both experimenters rmnitcbred\; a
coordinated split-screen image which synchrenized the direction of  the

child's gaze with the s'ti.mulus onset and his response latency, all of

m 7
— . : ‘.f
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which could be cbserved while the events were taking place, as well as

‘being permanently recorded All of the visual RT trials had a 5 second

duration, with a 1 to 3 second interval between trials.

-The Visual Control Procedure

Again, in order to identify developmental changes in RT

independent of stimulus lateralization, a oontrol procedure was

_oonduétea in which a simple unilateral respanse was requested this time

to bilateral visual stimilation. The instructions which the subject had

to follow were to maintain fixation and lift his right (left) index
finger as fast as ;iaossj.ble following bilateral stimmlation. The
procedure was repeated in a block of 16 frials for each hand, for a
total of 32 trials. The order of responding was comte.rbaian'ced (right
or left hand first) acrocss .subjects. The star stimulus was presented
bilaterally on each trial. At the end of the 32 trials, the mean RIS

were calculated ‘independently for each hand.

The Visual Simple RT Experiment

4
The 'general procedural plan of the visual simple RT experiment
was similar to that of the tactual smpleRI‘erPerment The subject
was requested first, to hold down cne key with the right (left) index
finger while maintaining fixation, and second, to lift the same finger,

as fast as possible following a visual stimulus (star) in either
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hemifield. This entire simple RT Eaxperirrmt consisted of 64 fc':zl‘nal
trials, having two blocks of 32 trials, cne block for each hand. The
order of r;aspmding (right~ or left-hand first) was counterbalanced
across subjects. Within each block of trials, the stimulus appeared
" equally often in both hemifields, @ a fixed-randam basis, with no runs
of more than three same-side stimuli; For the analysis of the data, the
mean RTs were calculated for each .child fr&n each of the four
'stimulus/respmse cambinations: stimulus to the right hernisphe;e/right B
hand responding; stimilus to the right hemisphere/left hand respanding;
stimulus to the left hemisphere/right hand responding; sfinmlus to the
left hemisphere/left pand responding. Each stimulus/response situation

was represented by 16 trials.

The visual.O:mplex Choice RT

This complex choice RT experiment involved the combining of two
independent complex choice RT tasks with each task serving as a mutual
control condition for the other. "I'hése included a letter discrimination

task and a line crientation discrimination task.

The Letter Discriminatitn Complex Choice RT Task

In this task, two different stimuli were used, the letters T and

L. The task involved two experimental conditions, A and B. In condition

;

'a, the child swas required to respond to the T stimulus which appeared”
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in 'Fé_{ther hemifield, wiéa\his right hand only, thereby known as his
T-hand; simiia.rly_, he was ré;u.u:edto respond. tO the L st_imulus with
his left hand (his I-band). Cdndition B vas identical to condition A in
every respect, Vexcept for a reversal in the use of thé hands. In this
case, the left hand became the T-hand and the right hand became the

I~hand. The general instructions requiréd the child to mintain

fixation, depress both keys, one with each index finger, az_xd quickly
lift the requisite finger following a T or L flash in either hemifield.

For half of the time, the T or L stimuli were presented in the
RVF, and for halé of the time in the IVF, cn a fixed-random basis. No

more than two identical stimgli in a row were presented in either

hemifield. The order of conditi A and B was counterbalanced across
subjects, as was the order of left‘and right hands within conditions A
and B. Both conditions were made up of 64 trials each, for a total of
128 trials in the entire task. The overall task consisted of 8
stimulus/response combinations:  stimulus (T or L) x stimulus position
{right or left of fixation) x hand responding (right or left). There
were 16 trials for each. stimulus/response combination. The data was

made up of the mean RTs for each of the eight possible combinations.

*

-

The Line Orientation Discrimination Complex Choice RT Task -

The procedural plan was similar to the letter discrimination task
plan, except that in this final task, two luminous "lines" of different

crientation, ‘e vertical (V) and cne horizental (H), were used as

¥ . ) ~
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stimufi. The task involved two experix@tal conditions, A and/ B. In
conditi‘on A, the child was :equired_torespmi o the 'vertical line
shich appeared in either hemifield, with his right Rasd_cnly, thereby
known as his V-hand (the haIud used;\for a line that stands up o its
end); similarly, he was required to respend to the horizental stimulus
with his left hand (his H-hand) (the hand used for a line that lays
flat on its side). Oondition—B was the same as cﬁudition A in every
respec‘::, except for a reversfal in ;:he use of the hands. 1In this case,
the left hand became the V-hand,/@hd the right hand became the H-hand.
The general instructions required the child to maintain fixation,
depress both keys, cne with each index finger, and quickly lift the
requisite finger following a vertical or horizental line flash in
either hemifield. 7

ﬁ half of the time, the vertica; and horizontal stimuli were
presénted in the RVF, and for half of the tiFE in the LVF,- om a
fixed—;'andan basis. No more -than.tm identical stimuli in a row were
presehted in either hemifield. The order of conditions, A é.nd B, was
counterbalanced across subjects, as was "the order of left and right
hands within the two conditions. Both conditions consisted of 64 trials
eac':l';, for a total of 128 trials in the entire task. The overall task
was made up of eight stimulus/;éspcnse ccmbinaﬁiémsz Stimulus (vertical

or horizental) x Stimulus Position (right or left of fixation) x Hand

- Respanding  (right or left). There were- 16 trials for each

stimulus/response tombination. The data consisted of the mean RTs for

each of the eight possible combinations.
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actively held down by the child.

. 65
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In order to aid the child in respending with the-correct hand in

‘both of the complex c;tloicé RT tasks, a smll 13 cm square piece of

masking tape was applied to the back of each hand at the time of the

task introduction. In the letter discrimination task, with a felt-tip

‘pen, T or L labels were attached to the appropriatefands. In the line

orientation discrimination task, a simple vertical or horizontal stroke'

~

or line was applied to ea han_d\, indiéating a line standing on its

end, or laying flat on its sxde, respectlvely.

The combined data from both tasks constltuted the data for the

visual ccmplex choxce RT experiment.

-

Tria_ls in which a RT measure fell outside the range of 150 to
3,000 msec was excli.xied and replaced, 'I‘he nurber of RTs excluded were

; -
.

rare and distributed evenly between hands

Finally, in an attempt %o ensure that the child.was aﬁténding to

the task at hand, the electronic logic of the apparatus was so designed

-

that a stimulus could not be delivered unless the requisite key was

The Analy‘sis of the Data

)

»,

The major independent variables within the three ’major
experiments of the present study are (a) age range; (b) side

(hemisphere) of stimulation; and, (c) hand (hemisphere) responding.

. Within the two oontrol experiments’ of the present study, the

independent variables include (a) age range; and, (b) hand (hemisphere)

-

-
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responding. ALl @rfornance data was analyzed using analysis of
variance with repeated measures., With respect to thesé analyses, the
particular computer programme which vas used would print only the
degr'ees of freedom and indicate an F value of less than unity, without

printing its specific value, whenever the F value was less than one.
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i “ ¢ . Chapter III .
~ _ 'Pe.rformnce
C% _ Response latenc:.es for a total of 480 formal trials were requ:.red

from each' child. Less than 1 percent of the respcnses fell outside of

/— /the range of 150 to 3 000 msec; the upper limit was chosen since o

f

\ some R'I‘ tasks spl:.t—bram patients produce respcnse latencn.es in a

L-—"

.
|
K \2 000 to 3,000 msec range. Very short RIs my have been due %o
\ _' \\]antlc:.patlon, as q:posed to a real respanse to a stimulus; at the crt.he.r
\ extreme, very long RTs may have reflected a lapse of attention.
——y The children dlffered widely with respect to the number of
‘ N J.n:aorre\‘ct responses Errors were made in all four age ranges.
S ) . }p\pmé.l.mt;ely twenty percent of the subjects rra,e_ie..y:.rtually no errors

at all. In oontrast, about 20 pecr‘é:ent of ‘the children made numerous

Fl

. : errors (cn as many as 8 out of every 10 trials), reéuiring many -
‘replacement trials. Incorrect respanding occurred about twice as offten
in tpe two younger age groups; ‘

Specifically, incorrect responding was extrenely rare o eifther .
task in the tactual Twodality, and equally rare in the centrol and _~
simple RT experiments of the visual 'nndalitﬂf. Most of the errors were
‘made in the complex dxoide RT \;risual experiment. Errors\w

equally often in " every hand responding/hemisphere stimulated
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oonbinatien, occurring usually when the target stimilus differe;i fram
the immediately previous" stimulus. In these instanceé'the subject may
have expected the same stimalus to be repeateé and caﬁs,equently may
have respmded ‘to the signal without analysing it completely. The
n’ajoriity of .the children’ were immediately aware of their incorrect
respcnseé, as indicated by their comments, such as "oocps” or "I made a
mistake", as well as by sighs,.groans, grimaces and remarks of disgust-.
Interestingly, about 10 percent of the subjects who consistently
responded incorrectly appeared to be oblivious or indifferent to their
errors,. as they | mntinued to meke mistakes on the same stimulus
repeatedly for as many ‘as 6- trj:als in a ro';: before respmding
correctly. Hoviever, ﬁ?or performers we.re as likely to produce QUDs m
the iaredicted direction for their -age group as were relatively

-

"perfect” respmders, which shggests that - incorrect responding was

independent of efficiency or speed of interhemispheric ‘communication.

~

- s .
CErrors’ sometimes seemed to” stem from- a failure . to remember the

appropriate respanse to a’particular stimulus. M.issed trials virﬁﬁally

. never occurreds. Orrly correct respenses were included in the statistical |

analyses.
The.children also varied widely in respect to their ability to
rmaintain - fixation on the central fixation point. JAlthough this

. . ’ ) - ——
difficulty was present at every age level, the greatest difficulty was

demonstrated by the S5-year-clds. Because of their failure to fixate on.

every trial; some children required 2 to 3 times the ord:.nar\? number Qf

tnals in order to complete the task; however, msu_ of the subjects had

-

h
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little. or no -d'ifficulty in meintaining fixation. Interestingly,

Kershner, Thamee, and Callaway (1977) havtﬁthatélxatlm control

methads wtuc'h require an J.dentz.fz.catory from" five- and six-
year-cld d‘xi}dren can N_ji.nduce visual half-field biases.

Qontrol Experiments for Tactual and Visual Response latencies ;

-

Response latency to Bilateral Tactual Stimmlation
. .
~ ) { )
Response latency to bialteral tactual stimulation was assessed
separately for each 'hand. The means and standard deviations appear 1in
Table 1. The significance of main effects and J.nteractlons was tested

in an analy515 of varlance with repeated meagsures. The factor of age as

-
-~

the only between-subjects factor was very highly significant (F __(3,49)
= 21.6932, 'ﬁ < 0.0001). The factor of r?and responding, as the only
wéthin-subjects factor, was not statisti@lly-sit%riificant {F (1,49) <
1.0);-‘.{01 uas- the interaction of these two factors-n(F (3,4%9) < 1.0).

Thus, although the subjects responded sz.gn:.flcantlg faster at each age

level to_ the bilateral stimulation, superlorlty mj speed of respcndmg

was not demonstrated by either hand, at any age level. ,Smce the
decision to collect control data in the tactual modality was not made
)ﬁntil late into the study, a large numnber of subjects were no longer

/" available for tes 1}19, especially in the two older sgbject groups.

.

)
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Table 1

" Mean Reaction Timdk-and Standard }/
Deviations in msec

fr =

’ }

*  .ractual Modality - Bilateral Stimulation

70

——

Age (years) 5 ° 7 9 11
— . '
Number of Ss (17) (22) «% - { 5)
Right Hand: ¢
X 590.59 497.89 356.41 ©311.22
SD 110.99 103.93. 82.60 45.89
Left BHand:
X 606.48 478.23 363.16 . 307.10
sD 112.10. 103.31 52.57 « 44.34
&
Note: S = subject |
' X = mean : -
SD = standard deviation
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Response Latency to Bialteral ‘Visual _Stinmlatim
- . -

w- . N . -

Response latency to bilateral visual stimmlation was also

assgslsed separately for the right and left hands. The means and

- standard deviations are given in Table 2.'Using. an analysis of variance

with repeated messures, the factor of age (F (3,116) = 42.31, p <

I
0.0001) was found to be very highly significant. The factor of hand

. responding also emerged as significant- (F (1,116) = 4.9835, p < 0,'055).

Plaas
A

The interaction of these two factors did not achieve statistical -
significance (F 3,116) = 1.1463, p < 0.3). Thus, the children
performed faster with increasing age, and \consistent superiority in
Speéa\for the right hand ney have existed at ‘the 5-year—-old Jevel, but
aid notrchange signific:';mtly with increasing age. This unilateral right
hand supex:iorifcy in response speed in the visua]\. rmodality contrasts

with the absence of any such superiority in the tactual modality. .

The Tactual Simple RT Experiment _ e

— i e

N\

-~ e -
L —— ™ . S T
- - . -
- — v . .

Developmental .changes ‘in the speed of - interhemispheric
\ounmmication were initiallf,r assessed by 'édi-tiinistering vibmﬁér};
t3ctual stipuli separatély %o.the .ght and left hands of each child,
in each/ o/f/! .t%ze four age groups, a\n&iv ?orrparing the ipsitateral
(uncrossed) and contralateral (cressed) response latencies. The means
.and standard deviations according to age level are presented in Table
3.

L
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N - Table 2
. _._\/ oL “ / .
Mean Reaction Times and Standard'
-/ Deviations in msec

72

Visual ity - Bilateral Stimulaticn
o N ®__
\_‘r Age (years) 5 7 oy 9 . u
Number of S5 (30) Gy = Y ao (30}
A - P
Right Hand: .
X '529.07 436.67 " 377.25 308.85
' SD 96.17 79.33 87.43 53.97
- I.ef&ila.nd‘:_ S
X 529.78 440.15 397.85 327.24
Sl 83.16 73.88™ 83.20 70.55
b &
=
Note: S = subj
X =
- SD = stan eviation JJ



N = mumber of subjects

X = mean

SO = standard deviation
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Table 3 _
Mean Reaction Times, § Deviations, QUDs in ’ -
and QUB/RT Ratjos - s
“{gimple Rr Paradigm) I
- Tactunl Mcdality - Lateralized Stimalation -
. i . \
Children at R for Stimu:lation Difference Mean ad))
Different Hand to the in RTs to [asn] Expressed
Age Levels Respending Stimslation Average as
Right Hemisphere Left Hemisphere ° to Different Over Percentage
{(Lefe side) (Right side) Bemispheres Both of -
. tam) Hands Intra-
Hemispheric *
RT g '
.\
' ~ \
~ Right Hand: g A !
Right Hanc e \ ,
X €51.78 607.79 43.99 A
y =) (138.06) {114.55) -
5 years : . .
(N = 30) 4].92 6.79%
Left Hand: e ’
X 626.68 666.52 39.85
D {144.22) ~(126290)
Right Kand:
% 621,71 576.59. 45.12 .
o] {141.21) (118.22)
"7 years .
(N = 30) . 46.67 ~ B.21% 2
Left Hand:
. N X 559.93, 608.14 48.21
© S (112,36} {114.60}
"Right Hand: . -
X 430.50 438.80 2.10 _
o] ne.on { 96.93) - .
9 years - . h
N = 30) . 4.04 0.74%
Left Hand: - .
X 432.67 438.64 5.97
[>o] ( 90.15) ( 92.74)
o
A
Fl .
' Right Hand: .
T 3577 356.43
N - fos) ( 98.09}) - { 82.66)
11 vears
(N-= 30) 1.15%
- Left Hand: b
I's - \ -
x 348.61 - 355.43 &
f o |, { 80.54) - ( 90.60) o 7
e N
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. Figures 1 through 4 show the response 1atenc1es to’ crossed and
meorossad v1bratory tactual stimulation for each h.and at the four
different age levels. Th@se RTs for each hand were i.nitially analyzed
in a three-way analysis of variance with repeated measures on the two
within-subjects factors of hanfi responding and hemisphere stimulated.
The age of the child was a’ nonrepeated, between-subjects factor. The

analysis revealed a very highly significant main effect of age (F

' (3,119) = 51.4605, p < 0.0001), but no significant main effect of
-hermsphere stimulated (F (1, 116) < 1.0), or hand respondmg (F (1,116)
< 1.0). The- mteractlon between hand respmdmg and hemisphere

stlmulated was, however, hlghly s;Lgnlflcant (F (1,116) = 34.012, p <
0.0001). As indicated in Table 3, the (UDs for each hand emerged as
positive values in all four.age groups.. This finding is rep}resented in
the significant two-way interaction. These positive QIDs also can be

seen in Figures 1 through 4, by comparing the RTs for each hand for a

_ stimu.lps delivered to the same and then to the opposite hemisprfer'e.

: T
When' the tactual vibratory stimulds is preSented to the left hand

- (i.e., to the right hemisphere) the left hand usually respands faster-

than | the right. 'An overall' left hand superlorlty to left hand
stimilation is demonstrated consistently at all age levels and -is
thought to reflect the shorter or uncrossed, intrahemispheric

anatomlcal pathway. The slower nght hand respcnse to the same stimulus

is thought to reflect the- longer crossegd, J.nterhesmspherlc ana.tomlcal .

pathkay. Right and left hand responses to right hand stlmulat:r.on can be :
s:.m:.larly understood That is, the rlght hand usually responds faster

\\. -



. L

L
D .
. -

/

N

>
(]

.

4

1 |
O -
2 &

(1] (@]




B




RT in msec

], B2

438

435 |

433

" a3}

439

4384

437

434

43I. -

5281

\

FIGURE 3

RTs to Tactual Vibratory Stimuli
in 9-year-old Children
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than the left hand following stimilation of the right hand, reflecting
the shorter anatomical pathway. The relatively delayed response of the
left hand to the same stimilus is thought to reflect the" longer
‘anatcxnica_l pathway. -

Further visual examination of the data’ (sée Table 3 and Figures 1
through 4) shows that the size of the CQUD obtained for each hand tends
to decrease with increa.éing age. This ai:parent developmental d'xémge is
reflected in a significmat triple interaction of age x hand responding
x hemisphere stimulated (F (3,116) = 7.8921, p < 0.001), and my
represent a de'(}lélopum;al change in the speed of mterhernlspher_;{:/ <
commmication. ' N ‘

The data are presén‘ted in a different manner by averaging the E-El's
for left hand responding/left bhand stimulated a.nd right ‘I}and
‘respanding/right hand stmulated (mcfossed respanding) ant.:l‘.:' by
averagjsd the RTs for the left hand responding/right hand stimulated
and right hand responding/left hand stimulated (crossed respending).
The resulting mean CUDs are plotted as a function of age in Figure 5.
Ihesg'values can also be seen in t;he second to last colum of Table 3.
Separate two-way analy&s of varlam;e ':1th repeated measures were
‘ oonducted for each hand sg.ga:atély to determine the appropriateness of
‘obmb.ining the data in this mmner. For the right. hand, the factors of
age (F (3,116) = 43.5508, p < 0.001) and hemisphere stimulated (F
(1,116) .= 14.908, p < 0.001) were both highly significant, as was L;he
interaction of these tio factors (F_ (3,116) = 4.2773, p < 0.00L). "

Similar results were obtained for left hand performance, that is,

{

of
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CUD Plotted as a Function of Age..
From @ Simple RT Paradigm, Using Tactual ¥ipratory Stimuli
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" highly s:.gnlflcant effects of age (F (3 116) = 50 2237, p< 0. OO.‘L) and
hem:r.sphe.re st:.mulated (F (1, 116) 20.9867, p < 0.001), as well as a

significant tm—v.ay interaction (F (3,116) = 3.997, p % 0. 001). Given
. the similarity in performance of each hand, the cambining of the data
across both hands and hemispheres seems appropriate. These statistical

’

resuits show that the apparent developn'ental change in respcnse

latencies to crossed lateralized vibratory stimuli cannot be oonsz.dered -

to be midirectiona_l, bat applies to interhemispheric transfer of
excitation in both directions, that is, left to right and right to
left. This combining of the data also provides an opportunity to

examine the speed of i.nterhemispheric commmication irdependent: of the

\g{m of either hand or hemisphere alore.
D

- It is clearly observable (Table 3 and Flgures 1 through 4) -that

response latencies to both crossed and uncrossed vibratory st.umll tend

P
to decrease with :anreasmg age, “however, the rates at which these two

respcnse latencz.es decrease across ages appear to dlffe.r._._In an attempt -

to understand how the relaticnship between these two rates changes over -

develognent ratios oomparmg obtained (IJDS' o uncrossad respcnse
. latengies were created and- examined. 'I”ne mean C(UD value obtained at

each age level represent/s/ the numerator term Of the desired ratio,

vd’u.le the correspcndmg mean RT sequired to respond to the mcrossed
~ ] stlmulus agthe same agd level oonstz.tutes the denommator term. 'I'ne. ,
\“ .

ratio is multiplied by 100 in orde_r to provide a simple descrlptlve
> :

statistic which shows the (UD as a percentage of the respanse latendy

- .

o . »
; _ SR .

i

to uncrossed stimulaticn.. These ratios appear in the far right colum’

' 'Q
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of Table 3. The ratJ.os were found to decrease fo size with increasing
age suggesting that ‘interhemispheric processmg E.nltlally lags behmd

intrahemispheric processing,. then begins to ‘c;atch up later in
. . A

= .

development.,

Ta;ble "3 shows that response latencies to crossed vibratory
stimuli in 5~ and 7-year-cld children respectively remain 41.92 and
;16./97 msec slower ‘than responses to uncrossed stimuli. By the age of 9
and 19 Ms, crossed response latencies improve to a level of only
4.04 and 4.46 msec re_spectively behind uncrossed latencies. To formally
test the significance of these differences, additional analyses were
‘ conducted which examined the compenents of the significant triple
interaction, addressing whether the differences be_tween the crossed and
uncrossed respanse latencies were the same at each age level. An
analysis of the simple interaction effects showed that the differences
obba}ned betweens the crossed and uncrossed response latencies were
significant for the 5-year-alds (F (3,116) = 25.6586, p < 0.0001) and
the 7-year-clds (F (3,116) = 31.7446, p < 0.0001), but not for the
9-year-cldss(F (3,116) <.1.0) and the ll-year-lds (F (3,116) < 1.0).
Thus, the performances of) the two younger groups of children are
similar to one another, as are the performances of the two older
groups. A further three-way analysis of variance with repeated measures
appraised the RT ;’J_e;rfornances of the chidren considered as either
younger or older di;lldren. A highly significant triple interacticn also

emerged (F (1,1-18) = 24.0l, p < 0.001) providing statistical support

.\ T
s
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for an apparent developmental change in ITT, especially between ‘the

v

_ages of 7- and 9-years~of-age.

In summary, there are significant differences between the RTs to
crossed and uncrossed vibratory stimulation in the developmg dnld of
5- and 7-years—-of-age. These RT dz.fferences are subject to
developmental influences, especially between the ages of 7- and
-9—years—of—age, such that the respanse latency to croésed as distinct
to uncrossed stmtulatlm mproves greatly at this time. To reiterate,
at each age level, the obtamed mean CUD represents an IIT esimate
which can be regarded (as a ratlo) in relationship to the uncrossed
respanse latency. For exan:éle, at S- and 7-years-of-age, the cbtained
mean ITT estimates of 41.92 and 46.67 msec respectively reéresent
values of 6.;79 and 8.21 percent of the uncrossed response®latency.
While at 9- and ll-years-of-age, the obtained ITT estimates of 14.04 and
4.06 msec respectively represent values of only 0.74 and 1.15 percent
of the uncrossed respose latency. ’Ihese results show a large relative
improvement in RT to crossed versus uncrossed vibratory stimulation
between the ages of 7 and 9 years, which suggests that the speed of

interhemispheric commmnication is subject to developmental influences

and improves relative .to intrahemispheric processing most clearly

between the ages of 7- and 9-years, as determined in a smgle tactual

RT paradigm. These ratios are presented as a function of age in Figure

—

=
" 6. P \
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- CUD as a Percentage of Short=-Pothway RT —————p

- "FIGURE 6 ‘ =

. CUD Expressed as a Percentage of Short-Pathway RT
- ond Plotted as a Function of Age: .
From a Smple RT Paradigm, Using Tactual Vibratory Stimuli
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. ™~ Table 4
Moan Roaction Times, Standard Deviations, QUDs in mseq, *
and QUD/HT Ratios
\ (Simple RT Paradigm) N
Visual Modality - Lateralized Shimulation
children at /—7 RT for Stimulation ’ Difference " Mron am 3
Different ' Hand % to the in RTs to an ExXpressod \
Age Levels Respond ing Stimulatien Average  Aas -
™ Right Homisphere Left Homisphore to Different Over ‘Perorntage
. (Left side) ARight side) Bamispheres poth of
(Qam Hands Intra-
. . flemispher ic
: ~ R
“ 0
h-d
LY
i - ) 1]
’ Right Hand: \ . .
. L . -
p 617.47 576.57 o 40.90
. = (100.97) ( 83.03) : 3
r S years : -
(N = 30) - 44.25 7.8%
Left Hand: .
e — ¥
X 575.03 622.62 47.59 BUAN
: s { 80.67) 1123.02) -
I - ‘\._/7/‘]1 - ~ . .
~ L - . ) 1 - . '
/ ' * # " - -
- - ¥
’ . : // Right Hand: ’ ‘ .
' N
o : X 489 44 478.47 10.97
D (130.52) ( 93.93)
7 years . '
(N = 309 . 13,67 2.89%
ferft Hand: .
X . 486,24 502_60 16.36
=) { 95.803 (111,261 .
- 1 - /
right Hand: > *
X ! 419.08 414.95 4.13
4 sD { 92.96) { 86.23)
9 years - :
(N = 30) : ' 3.26 U. 8%
left Hand:
X 427.78 430,16 . 2.38
© ¢ 92.33) /: 76.39) X
"\
. P Right Hand: \ { <
i \
» x ! 348.39 345.88 2.51
. . ) ' (79.77) {'8L.04)
1 ars !
(N < 30) - 5.1 1,584
. g Lcft Hand: -
: X 354.16 362.41 ©8.25
/ D { 83,31 ¢ 84.01) ~

. Note:

’
Bz

= number of subjects
mean
atandard AdAeviakion



The Visual Simple RT Experiment

Develognmtal changes in‘ihterhetnispheric transfer time were also .
. assessed by administering simple structured visual stimili separately
in the right and left visual half-fields of each child, in each of the
four age groups, and comparing the ipsilateral (uncrossed). and |
cc;ntralateral (crossed) response lakencies. The means, and standard
deviations according tO'ag;a level are presented in Table 4 |
-ﬁéﬁ';:esﬁ .through. 10 show the respanse latencies to the crosse:dl
and uncrossed simple visual stimuli for each hand at the différent age
levels. A three;vay analysis of variance with repeated measures
revealed a very highly significant main effect of age (F (3,116) =
44.4813, p < 0.0001) and a significant main effect: of hand respanding
(F (1,116) = 4.7709, p < 0.05)., but no significant effect of hem.i.sphé.re
stimulated (F (1,116) < 1.0). The interaction between hand respanding

and hemisphere stimulated was highly significant (F (1,116) = 21.21_33,

p < 0.0011). Table 4 shows that t}3<; (UDs for each hand emerged as
positive values in all four age groups. This fir;ding is reflected by
the above sz’.gnificant two-way interaction. These positive (UDs can be
seen also in Figures 7 throxg 10 by camparing the RTs o_f each hand for
a stimplus delivered to the same then different hemisphere. _

When the visual stimilus is flashed to the nasal hefiretina of
the left eye (i.e., to, the right hemisphere), the left hand usually
respands faster than the right hand. 2n cye:_:all left hand superiority

to left visuval half-field stimulation is obtained consistently at all
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age 1evels and is thought to reflect the shorter or unc.rossed

intrahamsphenc anatomical pathway. The slower rJ.ght hand response t.o-
. “the sat:e stimulus is thought to reflect the longer, interhemispheric

anatomical pathway. Similarly, the. right hand usually responds faster :
than the left, following stimulaticn to the nasa.‘L hamretma of the
right eye, reflecting the shorter, anatomical pathway. The realtively
delayed response of the left hand to the same stimulus is assumed to
reflect the longer, énatanical pathway.

Further e;camination of the data (Table 4 and Figures 7 through
10) shows that the size of the CUD obtained for each hand tends to

decrease with iricréasing age. This apparent developmental change is

reflected in a significant triple interaction of age x hand redponding

x hemisphere stimilated (F (3,116) = 6.8945, p < 0.001), and ‘way
represent a developmental change in interhemispheric transmission tine.

As in the tactual RT experiment, the data may be considered from
another perspectivé, - by averaging the RIs for left hand
responding/right hemisphere stimlated and right hand respoding/left

" hemisphere stimilated (uncrossed respondfng), and by afe.raging the RTs

for left hand responding/left hemisphere stimilated and right hand
responding/right hemisphere stimmlated (crossed responding). The

resulting mean CUDs are plotted as a function of age in Figure 11. They

can also be seen in the second to last colum of Table 4. Separate two
way analyses of varia.dnce with repeated measures were conducted with
each hand to determine the appropriateness of combini\ng the data in 7

this manner.
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' For the right hand Fthe factors of age (F (3,118) = 76 7703, p <

0.0001) and hemisphere stJ.n'ulat_ed (F (1,118) =‘9..7361, p.< 0.0002) were

\both sigr;ificant,' as was the interaction of these two factors (F

(1,118) = 5.7757, p < 0.02). Similar resilts were cbtained for left

hand performance, that isiFhighly significant effects of age (F (3,116)

= 39.3861, p < 0.0001) and hemisphere stimlated (£ (1,116) = 10.6053,

P < 0.002), as well as a significant two—way interactioﬁ’ (F -(3,116) =

3.0822, p < 0 03). Given the smulanty in performance of each hand,

thecnnblmngof thedataacrossbothhands andbothhémspher%seems

appropriate. As in the vibratory stimulation task, the statistical
; ' results suggest that the apparent developmental change in response
‘\We:—zfies to c::c-assed lateralized simple visual stimzlation cannot be
considered to. be unidirectional, -tut applies to interhemispheric
transfer of excitation i-n both diz"ections. This combining of .the data
provides an opportunitﬂ; to examine the speed of interhemisphe.ric(\
communication i_ndeperxié_nt of the effects of a single ‘hand ar single 1~
hemispheare.

Table 4 and F-igUres 7 through 10 show that response latencies to.
@‘crossed and uncrossed stimili tend to decrease with mcreasmg
age. However, as in the vibratory stimmlation task, these two response
latencies decrease at dlfferent rates. M:reover the ratlo cmpanng
CUD to uncrossed RT tends to decrease in size with increasing age,
aéain suggesting that interhéﬁépheric corduction timé in\itially lags

7 )

behind intrahemispheric conduction time, then begins to catch up later
LY



in‘_ development. 'I".he:ss ratios appear as’ percentages m the far righté
colum of Table™4, and are presented as a function of age in Figure 12.
. Table 4 shows. that 'respcﬁse latencies to crossed simple visual
sitmili in°5- and”7-yeaf-old children respectively remin 44.25 and
13. 67nsecslovertk1anrespmsestomcr 2 stimali. Bytheagesof9
and ll years, crossed respanse 1atenc1es have respectively J.mproved to
a level of 3.26 and 5.38 msec behind wncrossed latenc1es. An analysis
of the simple mteractlm effects of the obtained tnple interaction
mdlcztes that the dlffe.rences obtamed between the . crossed and
-mcrossed respcnse 1atenc1es were sxgn:.f:.cant for the 5-year-clds (F
(3, 116) = 37. 70, © < 0.001) and the 7—year-olds (F (3,116) = 5.802, p <.

0.001), but not ;oﬂra\ 9gvear—alds (F (3,116) " < 1.0) and the

1l-year-clds (F (3,]&\6) < l.}l). :
The per:formnce of themyzflger growps of children, differ from
me another in that the mean 6f the S-yedk- olds appears to be,

greater than that of the 7—year-olds In contrast, the performante of
the two older graups of children resemble e another closely with
respect to size of the medn (IID' for each group; however,. “taken as a
~ group, the 5- ar'md 7—year-old. children generally demonstrate slower
| respense latencies than the 9- and ll-year-ald children. A three:-way
ax.malysis of wvariance with  repeated measures appraised the 'RT
performances of the children éonsideréd only as two group"s of younger
and older children. A highly significant triéle interaction emerged (E
(1,118) = J1.0574, p < 0.001) providing statistical support for a
developmental change in ITT between the ages of 7- and 9-years of age.

-
-
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" However, there would also appear to be important developmental changes

in.II'I‘ occurring between the ages of 5 and 7 years alsc.

In summary, there are signifié:ant differences -betwee_n'the RTs to
crossed and uncrossed simple visual stimuli in the developing child of
5- anrd 7—yea':s-of-age. These RT differences are subject to
develo- tal influences apparently between the ages of 5 and 7 years,
and between the age§ Of 7 and 9 years. The re'spcnsg_ latency to crossed.

~as_distintt to uncrossed stimulation shows relative improvement at both
of these de;zel{ammtal jtmctqres. At 5- and 7-years—-of-age the obtained
ITT estimates of 44.25 and 13.67 msec respectively represent values of.
7.8 an:i'ﬁ 2.89 percent of the uncrossed response - latency. At 9- and
ll-years—of-age the obtained ITT estimates of 3.26 and 5.38 msec
respectively represent: val L only_-0.8 and ,/1'/58 percent aof the
uncrossed RT. - These results show largejz;a

tive improvemen in RT to

crossed versus uncrossed simple visual stimulation between the agas of
5 and 7 years, and between the ages cof 7 and 9 years, kut not bet

the age oi 9,and 11 years. These results therefore, suggest that t!ltxé\

speed of interhemispheric communication is subject to developmental
influences and improves relative to intrahemispheric processing between

the ages of 5- and 9-years-of-age, as determined in a sinple visual RT

paradigm.

—_n
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The Camplex Choice RT Experz.ment

The comlzined data from the two complex choice RT tasks (i.e., the
letter discrimination and the line oriehtation discrimination tasks)
constitute the body of data for the complex choice RT experinent.' The
resulting comosite data matrix is actually a condensation of two
entirely separat;e tasks. IMorecver, each of these ".subordinate" tasks 'is
itself a oondensation of two response conditions for each tas}lc; that
is, each discrimination task is initially-administered having only one
particular hand responding to a éarticular stimilus. Subseguently, each
task is replicated, but with the opposite hand resp_énding to the same
stimilus. Since the two discrimination +asks serve as mutual control
conditions for cne another for the purposes of the present study, t.heg;
cannot be appropriately i_E'tei'preted ar understood as irxiépendent
ex;e;imantal tasks. ' The means and standj:.rd deviations of the camposite
data are :.-:hown in Table 5. A three-way analysis of variance with
" repeated measures over two factors, hand responding and bemis%here
stimmlated, was conductéd. The main effect of age (the only nonrepeated
factor) was. highly significant (F (3,116) = 22.9867, p < 0.0001) as was
the main effect of hand responding (F (3,116) = 6.9522, p < 0.001). The
factor of hemisphere stimilated was not significant, the interaction of
hand responding and hemisphere stimulated was highly significant (F
(1,116) = 36.3375, p < 0.001). Table 5 shows 'L‘.hat positive CUD values

were obtained at each of the four age levels which is reflected in this

significant two-way interaction.. These positive CUDs also can be seen

S A e o
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Table 5

JMean Reacticn Times, Standard Deviations, QUDs in moec,
- and QUD/RT Ratios
(Camplex Choice RP paradigm)
Visual Mcdality - Lateralized Stimulation

_’\ | Y\ v

dren at Rr for Stimulation Difffronce Mran
‘erent Hmd."‘:" v to the in Ki's to am Dressed
Levels Responding — A Stimalntion * Average
Right Hemisphere Left Hemighhere To~pifférent over Pké:cmmgo
(Left side) ‘ (Right/ 8ide) Hamispheres Both of*
, . T Hlands Intra~
T . llemispheric
) " rr
~. \
Right. Hand:
X 1021.59 94885 e -
o (251.70) [237.46)
ars )
30} 76.54 B.00%
Left Hand: .
X 964 .22 4 1044.55 ~ 80.33 -
. sD (240.53) {248.67)
'S
} <
i .
Right Hand: i
X 905.73, 851.83 53.9
o) ' (196.63) (167.87)
ts . ‘
30} 46.67 8.21%
) Left Hand: N
- X 875.61 897.97 2.36
<ol (178.60) (174.10)
/
Right Hand:
X 731.1% 710.09 21.06
.80 (134.34) (141.68) »
s :
a0) 17.14 2.4%
Left Hand:
X 124.73 737.94 13.21
o (142.26) (140.89)
.
Right Hand: '
- hY
X 666,99 641.41 25.58
] . (128.24) {126.58) [
. years | .
1= 30) 20.58 1.2%
Left Band:
b 63.05 679.22 16.17
2 (129.43) (133.56)
dte: N = number of subjects

X = mran -
S = standard deviation
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in Figﬁres 13 throwugh 16, by comparing the RTI's of each hand for a
~stimilus to the same hemisphere as the me :Lnitiating‘ the respmse and
then to the opposité hemisphere. -

when a partlcular visual stimulus ('t'_hc;_l letter “L;' and "T", or a
line :of horizmtal or vertical oxl:ientation) is flashed to the nasal
hemretma ef the left eve (i. e-, to the right hemisphere), the left

hand. usually responds faster than the r:.ght hand. As in the simple

vistal and tactwal RT tasks, a left hand superiority to left-sided .

stimulation is obtained consistently at all age levels and is assumed

possibly to refleét the shcrte.r or wncrossed, intrahemispheric

anatoemical pathway. The slower r:.ght hand respmse to the same stimulus

is again ' assumed poss:.bly to reflect the longer or crossed,

i.rlterhemispheric anatomical pathway. Similarly, regardmg right
half-field st:.mulat:.on, the right hand usually responds faster than the
left. . . . =S

Further examination of the data (Table 5 and Figures 13 through

16) shows that the size of the CUD obtained for each hand tends to

decrease with increasing age. This develogrentél change:- is :':e-flected in
-2 significant triple interaction of age % hand responding x hemisphere
stimulated (F (3,116) = 4.5749, p < 0.001): The questicon arises hf
whether the perfofn_ance of the two hands are the same or different. 1In
an attempt to address this concern -two=-way anall}ses of variance were
conducted ‘an the performance of each hand.

Both analyses yi‘eld significant min effects of age and
hemisphere stimulated. Age (F (3,116) = 22,3573, p < 0.001) and

—
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hemisphere stimulated (f (1,116) = 30.2128,. p < 0.001) are highly
significant for right hand performance, as are age' (F (3-,1_16) =
22.3879, p < 0.001) and hemisphere stimilated (F (1,116) = 21.7002, p <
0.001) for left hand performance. However, whereas a highly significant
two—way interaction of age x hemisphere stimulated (F (3,116) = 5.0475,
p < 0.001) emerges for left hand performance, the::\two—*vay interaction
misses significance for the right hand performance (F (3,116) = 2.2384,
P < 0.07). A high degree of data variability may have precluded the
. possibility of obtaininél an acceptéble signifimncé level regarding
right hand performance. Interestingly, however, when a further lanalysis
is conducted reéaxirding right hand performance, in which age is examined
as a two-level factor of "olc:]er"and younger children, the expected
two-way interaction of age x hemisphere stimulated emerges as
s}gnificant (F (l,ll-8) = 6.5886, p < 0.01). In this case the 5- and
7-yea.r-olds/ar_e regarded as e group of subjects, as are the 9- and
ll;yearwolds.- Thus, it may be acceptable to regard the performance of
both hands as being sim.ilar, at least in terms of yielding positive
QUDs which appear to change over the four age levels.being examined in
the present study. ‘ a
Additicnally, the composite data matrix may be regardéd from the
perspective of ‘ove.rall crossed versus uncrossed performance, by
averaging the RTs for left hand responding/right heisphere stimulated
and right hahd responding/left heisphere stimulated (uncrossed) and by
averaging the RTs for left hand respending/left hemisphere stimulated

and right hand responding/right henﬁs;_ﬁﬂere stimulated (crossed). The

~\
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resulting mean CIIDs are plotted as a functicn of/age in Figure 17. the
mean values can be seen in.the second to last cc’::ltmnof'rable 5. '
“Figures 13 through 16 and Table 5 show that response lgtencies to
both crossed and uncrossed stimuli tend to decrease with increasing
‘F.'age.‘ However, the rates at which these two ré§pmse latencies decrease
across ages differ. Mareover, the ratic of the CJD to the uncrossed
response latency tends to decrease in size with increasing age, mce
again providing support for fhe notion that interhemispheric- conductiqg
time initially lags behind intrahemispheric conduction time, théﬁ
begins to catch up later in deve.logtent.- These ratios can be seen in
‘ the{ far right colum of Table 5, and are plotted as a function of age
in Pigure 18. '
| Takle 5 shows that the maan-RI‘s to crossed stfuctured visual
stimuli in 5- and 7-year-old children remain on the average 76.54 and
38.13 msec respectively slower than responses to wuncrossed stimuli. By
the ages of 9 and 1l years, crossed responses remain on the 5ave.r'age
17.14 and 20.88 msec /respe’éti\;efl;/behind uncrossed responses. An
analysis of simple interaction effects of ‘the signif-icant triple
interaction shows that the differences obtained between the mean
crossed and uncrossed RTs are significant for 'the S-year-clds (F
(3,116) = 36.62, p < 0.0001) and the 7-year-olds (F (3,116} = 11.0428,
p < 0.001), but miss significance for the 9-year—clds (F (3,116) =
1.7897, p < 0.10) and the ll-year-clds (F (3,116) = 2.6438, p < 0.10).
‘A three way analysis of variance with repeated measures appraised

the Rr performances of the children considered as two groups of younger
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cor older subjects. A highly significant triple im-:gract_icn em.rgéd (F
(1,118) = 35.9002, p < 0.001) providing further statistical suppart for
a deve.lopnenfal’ change in ITT between the ages of%7 and 9 years. .The
overall results, suggest that tile.re are signific_ant differences between
the RTs to crosse-d ‘and mcrossed‘ structured visual stimuli in the
developing child, of 5- and 7-years-of-age and these RT differences
apparently are s/u_bject £o developmental influenqes between the ages of
5 and 7-, and 7- and 9-years-of-age. The overall RT.to crossed versus
uncrossed stimulationlshcws relative -imprcve.rrent "at both of these
developmental juﬁctures.
At 5; and 7-years-cf-age, the obtamed mean ITT estimates of
76.59 and 38.13 msec respectively represent" values of "8.0 and 4.4
‘percent of the uncrossed response latency. At 9- and Il—-_years—of-age,
the obtained ITT estimates of 17.14 and 20.88 msec respectivély -
‘,Tepme‘nt values of 2‘.4 and 3.2 percent of the uncrossed Mre_spalise
i: latency. Thesé results suggest a relative improvement‘ in RT tc; crossed
"“\stru.ctured visual stimuli between thg ages of S-and 7 yea:rs, and again
““between the ages of 7 and 9 years, hut not between the ages of 9 and 11
years. Clearly developmental changes occur with regard to ITT as the
child matures beyond his fifth birthday. It is also clear that by the
ninth birthday, no further decrease occurs in regard to ITT, as
determined in a complex choice visual RT paradigm.
However, performance differences may exist in ;egard to the left
and right ha.ndl RT scores, especially of the 7—year—oid children, J.x:;'

this particular complex choice visual RT -paradigm; that is, while the .
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QUD obtained by the left hand of the 7-year-old is 53.9 msec, his right
hand performance is only 22.36 msec, which reser;ales the average QD
cbtained b‘f the 9- and ll-year-cld subjects. (UDs obtained by left hand
perfomanc; decrease precipitously in size between the ages of 5 @d 7
years, and thereafter change relatively little. 1In contrast, ’}I\JDS
obtained by right hand performance appear to decrease between the fif%h
and seventh years, as k:_ell as bet‘;aeen the seventh and ninth §éars,
while remaining relatively unchanged between the ninth and eleventh
years. .

These apparently asymmetrical f£indings may possibly reflect an
underlying asymmetry in neuroiogical maturation, which is expréssed in
respanse to the particular task requirements. The presence of asymmetry
in performence is unexpected, however-; and the apparent asymmetrical
performance may be an artifact of this particular combz';nation of tasks.
The la%{eg alternative seems unlikely, since the asymmetry in
performance was present prior to the data recambination, for the
composite complex choice RT da;a matrix, -

’

RT Performance of a Young Adult Acallcsal Male

A nineteen-year-ald acalleosal mle, Rom N., also rerformed
. I
truncated versions of all of the z;bove‘ tasks. Rm described hﬁq’xself as

left handed and printed;‘his name without difficulty using thj.a,l'hand. He

was also able to print his name with very little difficulty using as-\
d

right hand, albeit samewhat more slowly. Since all of his ?:.esting
_
s

-
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'to be completed in a span of a few hours, only half of the normal
number of trials could be administered. Even this amount of testing
seemed to be tiring for the subject. Overall, Rm mde ly three
errors and experienced only mild difficulty in fixation on the ccn'plegc
choice RT tasks. Be required a'total of 12 replacement trials due to
‘the same number of fixaticn failures. '

Regarding baseline measures, R respended to bilateral tactual
vibratory ‘stizhuJation somewhat slower than a 7-year-old child; (right
hand, 500.71 msec; left hand, 527.36 msec), demonstrating a possible
right hand superiority in speed. His RPs to bilateral visual
stimulation differed more widely between hands. His right hand speed
(371.51 rrsec) was similar to the mean RT of a 9-year-cold child, while
his left hand speed (303. 47 nsee;) resembled the mean performance of' an
Jl-year-cld du.ld. The apparent change from right to left hand
superiority in response speed remins unclear.

Regarding lateralized vibratory Bactual stimlation, Ran obtained

\_/nan overall (IJD of 53.11 msec which is somewhat slower than the average

S5=year-cld's score m the Same task. His right hand response latencies

to crossed (634.19 msec) and uncrossed (606.79 msec) stimulation

yielded a QD of 27.40 msé: His left hand reéponse latencies to

crossed (6:9__0.53 msec) and uncrossed (61.1.7l‘nsec) stimulation, yielded

~ a 78.82 msec CUD. Ren's overall RTs here are -in.the_same range as those
cbtained by S-year-cld subjects. ‘

» _ The .results of I;m‘s attempts to respond to lateralized visual

stimuli are relatively perplexing. Regarding simple visual stimuli, his
@ .

&
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right band RT to crossed (439.45 mSec) and uncrossed (397.6 msec)
stimilation yielded a CUD of 41.78 nsec’. While his overall right hand
respanse speed is similar to speeds produced by 9-year-ald subjects,
his cbtained CUD, produced by his right hand alone, is consistent with
the performance of same 5-year-clds. In contrast, Rm's left hand
performance on the same task is difficult to explain. His obtained
response latencies to crossed (394.69 msec) and wncrossed (459.60 msec)
stimulation, yielded a negative value QD of 64.91 msec, which
indicates that Rm mey respend faster_ to crossed than uncrossed visual
stimulation with the left hand. '

The results of Rm's performance in the complex &1oice RT
experiment are equally enigmatic. On these tasks, his overall left hand

performance to crossed (681.78 msec) and uncrossed (634.88 msec)

stimulation, yielded a CUD of 46.9 msec. These response latencies are.

"similar to ll-year-old level performance, but yiéld an ITT estimate
more consistent with that produéed by a 7-year-ald; however, Rm's
correspanding right hand performance at this time is difficult to
explain. His overall right hand RT to crossed (676.48 msec) and
uncrossed (786.76 msec) stimulation, yield a negative value CUD of

90.47 msec, suggesting again faster respending to crossed rather than

umncrossed complex visual stimuli with the right hand. -~

It is intefesting to note that similar, "inconsistent"
performances occurred in about 15 percent of the subjects in the

present study, at all age levels and on all tasks. The phencamenon,

PPN
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however, occurred migt.often with the youngest subjects on the complex
choice RT tasks. ' '

-

No attempt was nade q.n the present study to conduct an analy515

’ of the simple main effects, although such an analysis could be
The present mte.rpretat:.on of the data was based on an analysj
simple interaction effects of the significant triple interacti and

on visual examination of the data.

i



Chapter IV

DISCUSSION

Performance Effects

]

Performance measures frcmktlg/sirrple visual RT experiment support
/ge/nfst hypothesis, that younger children in ocomparison ﬁth older
.children exhibit significantly greater response delay to cremssed

st;.imulation.
The performance profile shows that RTs to crossed stimulation in
S—. and 7—y5’ar-olds in ocomparison to 9 and ll-year-olds are
significantly gore delayed, and that speed of inte.rha;isphe.ric
commnication improves relative to intrahemispheric processing between
the ages of 5- and 9-years, but not between the ages of 9 and
1]l ~years. ' While these results indicate that at least from the age of
5-years, children are able to respond with increasing/sg%d to crossed
stimxlation relative to gradually improving uncrossed resporxilng, they
also suggest that by the age of 9-years the progressively decreasing

crossed latencies are approching values more similar to the uncrossed

latencies and that relative_ly lit change may be occurring beyond

this point. In the curr ‘eJéperin'ent‘, the mean ITT estimates decreased
‘ y“the ninth birthday, after which an apparent
\II_\-:
exception to the” oo;us.lgt_:eixl: CJD decrease was cbtained, suggesting that
. ety ; — -

lurthe.r de\;elog'cental changes in interhemispheric transmission rates

~



may be unlikely’beyond late childhood. It seems likely, however, that
7"'the.re are real differences between the cbtained crossed and uncrossed

./_—/.

f

RTs in the older children, since ITT estimates of about 3° msec have
been cbtained employing visual behavioural RT paradigms with normal
intact adults (Anzola et al., 1977; Berlucchi, 1972; Berlucchi et al.,
1971, 1977). )
\'" ‘ The present pattern of results substantiates and extends the
( findings of Jeeves (1972) who, using a/sinple viswal R task, fouws
5

that right-handed 9- to ll-year-old hboys exhibit a mean ITT of 3.3l

msec. The ITT tes obtained in the present experiment for similar
age boys rangefqin value fram 2.38 to 8.25 msec. The present study
f'i/rxdings downward, thus illuminating previously
. unrecognized velopmental changes in young children's ability. to
respond behavicurally to contralflteral and ipsilateral vn.sual
stimilation. Moreover, although Jeeves (1972) made no attempt to assess /_
developmental changes in RT, his young subject ,group s performance uas\ j
characterized by overall slower responses than those previously found/ |
| in the adult population. The trend of his findings is consistent with
, the overall slower performance of the younger children in the current
experiment.
With respect to the second hypothesis,-the camplex choice RT
experiment requires the child to'nake a rapid stimulus discrimination
and response decision, in addition to maintaining strict eye fixation
and motor readiness as in-j’:he simpler RT tasks. Agaiﬁ, as in the visual
and tactual simple RT tasks, the mean CUD decreases in size with

¢
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increasing age, however, with the overall pattern of findings
rése-nbling more closely those obtained in the visual simple RT
experiment. The performance profile suggests that TTT improves relative_ :
to intra-hemispheric processing between the ages of 5~ to 9-years, but
not thereafter, supporting hypothesis II, that younger children in
comparison with older children exhibit a significantly greater response
delay to crossed visual stimulation in a complex choice RT situation.

Once again, as in the two simple RT situations, the.statistical
analyses indicate no significant difference between the RTs to crossed
and uncrossed stimuli for the 9- and ll-year—olds. The absence of a
significant difference may he due to large error variance, especially
in view of the magnitude of the ITT estimates obtained (fram 13.21 to
25.58 msec) which easily fall within the range of ITT estimates (fram
10 to 50 msec) cbtained in complex choice visual RT paradigms examining
normal intact adult subjects..

The simple RT paradigm was also used in the present study in
conjunction with tactuaf stimali. In this experiment, the mean CUD and
the CUDs obtained for edch hand independently do not decrease uniformly
with increasing age, although a dramatic decrease in response latency
to crc;ssed vibratory stimulation is evident between the ages of 7- and
9-years, It is not possible to .diffel;entiate between the 5- and
7-year-olds, nor between the 9- and ll-year-clds on the basis of the
CuD mgnitude, sugéesting either no developmental changes in ITT during
those two time Eeriods car relatively slow develcgmental changes. It
seems ﬁnlikely that speed of interhemispheric commnication actually
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decreased at these age levels. However, since CUD expressed as a
percentage of uncrossed RT tended to remain relatively unchanged in
nagnih:debetv-eentheagesofSarxi?andagainl;etweentheagesof 9
and 11, speed of inte—rhemispl'ieric commnication may have actually kept
pace with improving intra-hemispheric processing during these two time
periods; consequently, the present. evidence_ provides support for
hypothesis III, that younger children in camparison with older children
exhibit -a significantly greater fesponse delay to crossed tactual
stimilation. '

The current performance profile also suggests interhemispheric
transmission speed cleariy improves relative _to intra-hemispheric
processing between the‘ ages of 7- and 9-years, but perhaps not
thereafter. Conversely, there is no clear evidence of similar
improvement between the fifth and seventh birthdays. Furthermore, it
seems likely that there are real differences between the obt;ined
crossed and uncrossed RTs in the 9- ahd ll-year-olds, since stable TIT
estimates of about 4 to 10 msec have been found using simple tactual RT
paradigms with normal adults. Large error variance may have_ precluded
the possibility of these values being seen as representing significaxjt’
‘differences. The current Ffindings, however, subelantiate” the
electrophysiological findings of-Salamy (1978) who showed a progressive- -
decrease in crossed latencies of all peaks of EPs with increasing age
and a progressive decline in the CUD asymptoting at about
lO-years—ofjage. A lack of correspondance between ‘the present findings
and those obtained by Salamy is evident in comparing the gradualness of
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his ITT decline in contrast to the precipitous ITT decline of the
present experiment. This difference an refléct the addition of a -
behavicural component _which;; was not present in the Salamy
study. |

With respect to baseline measures, hypothesis IV, is supﬁrted;
older children will respond faster than younger children to bilateral
stimulation. Support is present for both control tasks and is
consistent with all of the experinental'RT task results of the current
study. This overall ability to respond faster with increasing age may
reflect anatamical and physiological maturation, increased ability to
attend and maintain concentration and increased motivational effort
(Ellict, 1972)._Myelination of the requisite brain structure would have
been conplete by four yeéars of age except for the fil;res of ’the
reticular formation, the non-specific thalamic radiations and the
intra~cortical, rneuropil and association.areas (vakovlev, & ILecours,
1967). _

Whén- a comparison is made, between response latencies to
bilateral stimuli versus unilateral stimulation an interesting problem
arises; however, that is, while one can idéntify the hemisphere
presumed to be initially stimalated inﬁthe unilateral condition, one
cannot determine in the present circumstances which hemi sphere may have
been initially stimilated in the bilateral condition. In ﬁhe present
study, since identical stimuli were pmésentei simultaneocusly to each
nemisphere, both hemispheres mey have contributed to detecting the

presence of the stimulus in crder to initiate the response. This is not

2
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an uncommon finding in the case of bilateral stimulation and has been
described as a "facilitation" effect (Peters, 1983). In the present -
study, children tend to respond, on the average, about 50 msec sooner
to bilateral wversus unilateral stimuli in :.he simple RT paradigm;
however, when attempting to compare RTs to unilateral. stimili in the
simple versus complex choice RT paradigm, children _in the simple RT *
task respond about 400 msec faster than in the complex choice RT task.
This latter comparison erphasizé the notion that simple RT tasks nayg
be qualitatively different fram complex choice RT tasks. Wwhile
"stimulus and response decision making time" may help explain the 400 |
msec descrepency, an alternative hypothesis may be requlred to explain
the approximately 50 msec‘descrepency ip‘ the case of bilateral versus
unilateral stimulation-in the simple visual RT paradigm. It is possible
that the so called "second" visual system may facilitate responding in
a oondition of bilateral visual stimulation requiring directed
attention. The collicular-pulvinar-parietal lobe pathway, not the:
geniculostriate pathway, may be important for the detection of events,
their location in space, and the control of orienting responses to them
for subsequent identification by the first system (2ihl & Von Cramon,
1977). Support':ive evidence for the existence of two such functionally
and anatomically distinguishable visual systems cames fram recent work
with patients following midline section of the corpus callosum. While
éarmissurbtcxry patients are . impaired at explicit interfield
camparisons, the o&ther visual system appears to have access to both
visual | half-fields (Holtzman, Sidtis,_ Volpé, Wilson, & Gazzaniga,

AN
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1981). Eoltzman et al. (1981) suggested that crossed visual
representation may be provided directly via ;collicular—cortical
‘projections, or indirectly via the intact antefior commissure., :

With respect to hypothesis V, evidence fram a young acallosal
male was gathered in an attempt to demonstrate the face validity of the
RT tasks émployed in the present study. The pattern of results obtained
was unfortunately ambiguous. On the bilateral tactual stimulation task,
"Ren resporded samewhat slower than a 7-year—old child; whereas, on the |
bilateral visual stimulation task, his response speed was between the
9- and ll-year-old performance levels. On the simple tactual RT task,
Ron's overall RTs were in the S-year-old pe.rfo;name range, His right
hand performance yielded ‘a poéitive CUD of 27.40 msec, his left, a
positive CUD of 78.82 msec, consistent with the performance of younger
children. Ron's CUDs cbtained on the tactual simple RT task are similar
in value to these obtained by other acollesal patients tested in visual
simple RT paradigms. The present results support hypothesis V, that in
comparison with the clder children the acallosal subject will exhibit
significantly slower responses to crossed stinﬁlation. Ron, however,
showed striking inconsistencies between his right and left hand
performances on both visual RT tasks. On the simple RT task, his right
hand yielded a positive CUD of 41.78 msec, while his left hand yielded
a ne?;ative ClD of 64.91 msec. Essentially, the reverse situation
_obtained on the complex choice RT task, in which his left hand yielded

a positive CUD of 46.9 mseq, and his right hand, a negative CUD of
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90.{17 msec. The present negative results fail to support hypothesis V,
while the positive results are in accordance with it.

On the basis of the results cbtained fram Ron's performance on
the simple tactual RT task, this testl seers to have adequate face
validity, in that the. test may be capable of accurate behav.ioural
assessment of interhemispheric communication speed. If this is so, test
results from “ncrmal” children could be cbtained on this test and used
to evaluate inter spher:.c/_/_‘ I}Pturational delays in clinical
evaluations. . it is unclear on the basis of Ren's results for
the vi\sual RT tasks what the exact status of the Tace validity of these
two tasks should be. For example, Ron's "inconsistent” performances may
reflect the small number of trials administered. It was already noted,
however, that 10 to 15 perce:nt of the subjects on all tasks in the
present study occassionally produced negative (UDs, with cne aor the
cther hand, sometimes both. Moreover, the literature has many examples
of this phenamenon. Alternatively, Rén’s aberrant results may have been
duve to mixed handedness. Approximately 70 percent of acollosals
described in the literature are right handed, only 30 percent being
"ambidextreus" or left- or mixed-handed (Milner, & Jeevés, 1979;.
Further, Jeeves (1972) has shown that both children and adults who are
left-handed show an aberrant pattern of RT results campared to
right-handers. Thus, the design of the simple visual RT task used in
the’ presem.: study may be adequate to assess. transcollosal transmission

(>. rates, especially in view of the history of its use since Poffenberger
A LN
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(1812). Thg case for clinical application of the design used in the
visual complex choice RT experiment requires more discussion, however.
It was not the intention of the present study to examine
explici‘tly‘ any hypéthesis in regard to lateral asymmetries of manual
performance per se; however, examples of right hand superiority in\

speed of responding were evident in each visual RT task, but not in any/\»?

L] !
tactual RT task. There is no obvious explanation for why a handedness

effect was observed in response to visual but not tactual stimulation.
In this regard, it is important to. note that if more subjects had been
available fc;r testing in all of the four subject age groups on the
bilateral tactual task, especially for the two older groups, different '
results might have been obtained. Berlucchi et al. (1971) and anzola et
al. (1977) have stated that anatomical supericrity is uszially not
present in simple RT experiments; whereas Jeeves-a:xi Dixcn (1970) have
shown right hand superiority in simple vis T tasks, in both adults
and children (Jeeves, 1972). Right -hand superiority; however, is a
cammon f£inding in choice RT experiments (Simon, Hinrichs, & Craft,
1970; Wallace, 1971; Brebrer, Shephard, & Cairney, 1972; Anzola et al’,
1977); Anzola et al. (1977) have suggested that this right hand
superiority in speed may refléct left hénﬁspbere supericrity in ;
experiments requiring a decision about; ‘which hand is to ke used,
possibly indicat;ing that sarething about the decision process itself
favors the motor (or premotor) areas of the left hemisphere.

Simple RT expe.rmentatlon has also sometimes ylelde/d/ slight
hemispheric asymmetries, which when significant, have aalr/ost always

&
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occurred in the same direction, that is, RTS to left visual half-field
being faster. No such asymmetries occurred in any of the RT tasks of
the present study (Bisiach, Mini, Sterzi, & vallar, 1982; Davidoff,
1975, 1977; Milner, Jeeves, Ratcliff, & Cunnison, 1982). The'present
negative results suggest that the cerebral hemispheres of the
developing child are equally capéble of responding in a variety of RT
situations, and fail in ‘this respect to support Semmes' (1968)
.hyl;cthesis that the two cerebral hemispheres have inherently different

neural organization.
1

In sumary, the five experimental hypcthesés of the current study
are supported by the data obtained; in particular, the findings from
the latter three experiments provide behavioural evidence of
developmental changes in speedlof “interhemispheric commmnication and
support the notion of later maturation of  interhemispheric
commnication relative to the d&evelopment of int.ra—hanisphe_ric’
processing as Gazzaniga (1970,” 1974, 198la) has suggested. In this
regard, the small body of literature (Elliot & Connolly, 1974;
Finlayson, 1976; Galin et al., 1977, 1979; O'Leary, 1980; Denckla,
1973, 1974; Maxwell, 1981) which has been reviewed, shous‘ behavioural
changes acca;.rpanying the gradual maturation of the commissural systems,
and 1in particular, unilateral performance maturing in advance of
successful crossed or bilateral performance, often between the ages of
7- and 9-years or earlier. The present findings thus suggest tl{xat'
iﬁtra—bétﬁspheric information processing 'is faster and therefare

possibly more efficient than inter-hemispheric processing for younger

)’___,f-\
”~
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children. The findings also suggest that the known myelogenic timetable
can account for the observed developmental changes. These suggestions

3
will be amplified, gwever, since additional information suggests a

more complicated picture:

validity of Interpretaticns

Swanson, ‘Ledlow, and Kinsbourne (1978, p. 288) concluded that ITT
estimates based upon ady behavioral RT method are "too variable to
provide a good éstitrate of these physiological reaction times". They
- stated that there were too many uncontrolled sources ~of variation
"(uncertainty of stimnlus location, stimlus-response compatibility,
_ specialized c;ognitive processing, etc.)"' to cbtain wvalid findings.
While recogn‘izing 't;Jat the transfer of information between\the two
hemisphe.res is complex, Baslhore (1981) vuechi  (1977)  have
J.ndependently concluded, however, that simple behavioral RT paradigms
c_an “ provide val:.d estimtes of TITT that closely approx.unate‘
electrophysiclogical “measures. In fact, the existing EP literature
shows a wide range of values for ITT estimates fram' 1.5 to in excess of
- 150. msec (Andrkassi et al., 1975; Brerner,m 1958; Grafstein,.- 1959;
Swanson, ledlow, & Kinsbourne, 1978; Rugg & Beaumont, 1978; salamy,
1978 Teitelbaum, Sharpless, & Byck, 1968)- and results fram both the
simple and complex choice RT tasks of the current study are in
accordance w:.thu:e.se findings, which suggest that either paradigm
allows valid, but independent inferences regarding intexhaniépwic

.
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transmissioh speed. Hovéver, while scme complex choice RT studies have
vielded positive CUDs, these Jdifferences have been att.rib.rtéé to
stimilus-response (‘S—R). campatibility, thereby challenging the
significance of the amitomical comnectivity emphasized by Poffenberger
and suggesting th%t\tée _cielay between crossed an:i uncrossed responses |
my be due merely to c':bupatib_il_ity, withost™any reference to a
cox;tribution by the anatomical relationships of hemiretinae and hands.
In choice RT situations it has been found -that RT to a lateralized
stimalus can be affected by changing the spatial position of the
responding hand. 'Ihu's, if the hands are crossed such that the right
hand is on the left side of the body and the left hand on the right
side, stimuli coming from the left are now responded to faster by the
right hand and stirr;ali fram the right are responded to faster by the
left hand. This apparently paradoxical finding has been thought to
reflect the natural tendency to respond to lateralized stimali with the
band that is in the appropriate spatial position (Anzola et al., 1977).
. Other, studies have shown that S-R compatibility does not have
any effect in a simple RT experiment nor in ("go-no-go") simple choice

RT studies. Berlucchi et al. (1977, p. S511) suggests that “the

interfield differences in choice RT are likely to reflect hemispheric

asymmetries and to be related both to interhemispheric transfer and to
the deterioration of information taking place during such a transfer
+..". Bguivocal results fram various studi&;: make -it difficult to
determine the degree of :‘:nportance that should be attached to S-R

compatibility (Anzola et al., 1977; Bowers,.et al., 198l). It is not

2
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; known what cortical mechanisms underly the S-R compatibility effects

and what interactions might exist between these effects .and intra-

versus mtertmuspherlc information processmg (Bashore, 1981; Bowers

et al., 1981- Gardner, & Ward, 1979). More expermental research is
needed in order to develop adequate controls for the case of camplex
choice RT fasks. While the absence of any behavicral $-R campatibility -
controls in the present study does not call into serious question. the
results of the complex choice RT experiment, it does soend t:he neegd for.
caution'in interpreting the ITT estimates derived fr;_m these results.
It is, intereeting to note that since po'st’natal development
(including myelinaticn) of primary motor and sensorylcorticies my come
to campletion by the end of the second year (Blinkov, & Glezer, 1965;
Yakovlev, & Lecours, 1967) ;t ;ray follow ;:hat sensory and motor skills

would appear early in childhood, followed by more camlex

e

problem-solving abilities which continue to mture into adulthood
(Fletcher, & Satz, 1980; Hiscock, & Kinsbourne, 1980; Piaget, 1852;
Reitan, 1974). This notion has been suggested by Maxwell (198l). Same
evidence can indeed be found which suggests that motor and sensory or
perceptual skills meture before cognitive skills, since motor and

sensory tasks have been found by some investigators to be more

sensitive to early bkrain damage than are tasks requiring cognitive

.n-,

reasoning skills (Boll, & Reitan, 1872; F:.tzhugh Fitzhugh, & Reitan,.
1962; Reed, Reitan, & Klove, 1965; Reitan, 1971; Reitan, 1972; Rudel,
Teuber, & Twitchell, 1974). However, scme data contradicts this not.ion.
For exaple, Boll (1973) has showd that the earlier brain damage cocurs
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Thurstdn (1963) have found no signifi ence in the impairment
of vocabalary, pe.rceptual_nctor,
very severe hrain damage resul generalized intellectual
impairment. Thus cognitive skills may lier than initially "
thought. 3These findings may have inmplications "in terms of what )
berh:aviours to expect during early periods of callosal development;

™ et
since the requisite brain structures needed for later demonstration of

wgn/itive skills may be maturing at the same rate as those brain
structu;és required for noncognitive sensory-motor tasks. A similar
cc;nclusion was reached_by Finlaysorr and Reitan (1976) who 'stated that
tactile-pe.w.:ceptual deficits found‘ in younger children may well limit
their eventual level of cognitive development.. r-breover Woods (‘19‘80)
has found that patients who suffered right hemisphere lesions before
the.age of l-year, demonstrated impaired verbal and performance ratings
on Wechsler Test data in late life. An implication of t.hesé findings
for the present study, is that developmental effects would be as Likely
for the simple RT experiments as for the complex choice RT experiment,
even though_ the latter task may require a much greater degree of
cognitive skill than the former task, for it:_s successful completion.
Indeed, legitimate questions arise concerning what the differept ITT- -
values chserved in the different current experiments really mean.
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One gquestion that can be raised conagzns the nature of the

-

lnfornatmn presumed to cross between the hemispheres in the current | \,

study: does a direct representation of the sensory’ J.nput to one
hemisphere get relayed to the opposite hemisphere? Peters (1983) states
that it must be assumed that the information which crosses the callosum
represents at all times a processed version of the sensory input to the
receiving hemisphere. Alternatively, the possibility exists that what
is being measured in all instances of interhemispheric commmnication in’
the present study is a motor command or motor program. The design of

the present experiments, however, does not allow the possxbxllty of

) dlstmgulshmg between any of the alternatives.,

Earlier studies indicate that

o
premctor-motor pathways are the major pa

lntergratlon‘fmsk & G,a,}%:alth Sare investigators believe that
the motor cortex mist act on instructions fram association cortex. Both
premotor and parietal assoc/i’ation cortex are in a position to exert an
mfluence“?,rernotor cortex (Broadman area 6) pro:ects directly to motor
cortex (area 4) ar;g Nsuperlor parletal cortex {area 5) projects both to
area 6 and- to t.be supplenentary motor cortex which in turn sends
connections to area 4 (Halsband, & Passingham, 1982). The classical
evidence would thus sty_f;st\that in none of the present visual RT tasks
was stimali dellve.rev,:l dlL@ly fram the occiptal cortex to the motor
cortex. However, Asdguma (1981) has argued for the necessity of direct
samesthetic afferent input from the periphery to thé motor cortex.

Thus, it is not clear if subjects in the present study respond to
pect
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precentral or postcentral neurcnal tactua(.'sL\ stimlation. In fact, it is

' possible that not only motor, but also both sensory and association

corticies received direct input fram the sensory thalamus (Clemo, &
Stein, 1982). )

To reiterate, it is clear that the data of ‘the present study
pro’v.ldes little indication of what br;in structures are primarily
involved in any of the RT tasks, and perhaps in some instance the
differences are really a matter of emph;ases as opposed to absolute
differences. Regardl f'\ how it is understood, tnwevér, it is clear
that additiocnal cortii:al. ’presentatiod areas, additional cortical
association areas, and additional action systems may have been required
to execute the complex choice visual RT task. Perhaps same of' the
additional brain areas may have been the supplezentaxy motor area, the

45
corxvexrty of the premctor area, and the superlor and J.nfenor parietal
f"

\eglons. Tanji; Taniguchi, and Seg\_}QBO) have examined supplementary

,_,mtor area peuronal response to motor instructions in the rronkey The:.r

observatlo‘ns substantiated the hypothes;.s that the supplementary motor
area plays a part in modifying a éensory—triggered motor output.
Roland, Lassen, Larsen, and Skinhoj (1980) in a regional cerebral blood
flow (rCBf‘) study found 'that the rCBF increases exclusively in the
supplementary motor Aa:ea while subjects were programming a’ sequence of
fast isolated movements of individual fingers, without actually

-

executing it. .During execution of the same imtor sequence, there were

equivalent increases of the rCBF in both supplementary motor areasxhx;

only in the contralateral primary motor area. They concluded that the

lmwr,
- -
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primary motor area and the-'part of the motor system it projects to by
itself can control ongoing simple ballistic movements with the self
same body part, but that a sequence of different isolated finger
movements requires programming in the supplementary moto .

Furthermore, while it seems impossible to have been able to
predict any specific findings in regard to the' reticular formation (RF)
o;.' the reticular activating system in regard to ITT estifates at any
age level, these portions of the nonspecific somatosensory system may
have played a role. For g?'mple, impulses generated in ipsilateral
limbs usually reach the caudal bulbar RF before those from
contralateral limbs, whereas in the midbrain RF the contrary is the
case, contralateral limbs stimuli generally having a shorter latency
than ipsilateral. Interconnections between, ar common projections of
these two regions would form a basis for camarisons that would give
information on site of _stimulation (Bowsher, 1975).

In summary, it is not possible to state with ‘certainty the nature

qf the excitation transfer betwe/éa hemispheres in any of the present

‘experiments; that is, whether 1[:.he information was motor or sensory in
] g _

>

nature, processed or unprocessed?\,l Nor can we state with certainty what
L s . .

specific interhemispheric pathway vbgld have been used in the various

tasks. It does seem likely, however, ?:hat_,the ocorpus callosum .playéd a

key role and that the natunng corpus callosum and the maturing brain
contrlbuted to the overaly pattern of findings.

v
,
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Regional Implications

»

Improved interhemispheric transmission rates, infered fram the
relatively faster responses to crossed stimuli in the older chilaren,
were confirmed by statistical analyses in all three, unilateral RT
experiments. The overall pattern of relatively slower responses to
crossed stimuli in the younger children in comparison to the older
children were also described by these results. Most notable was the
clear differentiation of the children into two groups, either older or
younger. This pattern was most clearly evident in the tactual vibratory
experiment, but was also present in both visual, unilateral RT
experiments. The common decrease in CUD mgn&de present in all three
experiments, between the ages of 7- and 9-years, implies a locse
temporal relationship between —maturation of — interhemispheric
transmission rates independent of rmodality or task canplex_ity.
Conversely, the relatively sharp decline in CUD between the sever.xth and
ninth birthdays in the tactual .stimulation task, suggests that axon
growth (including myelination), duplication and redistribution may not
be uniform t.hroughout-the corpus callosum during development.

> However, it is not entirely unexpected that; the various tasks of .
the present stuay would produce similar results, since the entire
corpas callosum follows a general set of rules to determ;ine anétcmical
connections (Elkerger, 1982). In this respect, Rarris and Carr (1981)
-have suggested that visual and tactual perception may be virtually
identical processes, with tactual perception perhaps being even more
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inherently temporal-spatial than visual perception, requiring the
deliberate and active integration of separate points in space and time.
Their explanation stems in part from the work of O'Regan and
Levy-Schoen (1983) who argue that trans-saccidic fusion does not exist.
Alternatively, it would appear to ke a mistake to. suggest that the
ce.rebrg-eorrmy.ssures be consifiered as a single structural or functional
unit. The lack of cor;'espondence between the performance profile’of the
three unilateral, RT experiments of the present study can perhaps best
‘be understood within the following framework. :

The mature corpus callosum is known to be functionaliy divided
with regional variations in function corresponding closel}; with the
cortical regions they interconnect (Berlucchi, Gazzaniga, & Rizzolatti,
1967). The interhemispheric fibres passing through the posterior area
or splenium project primarily to the occipital lobe. The body of the
callosum projects to the parietal lobe, and the anterior regions
interconnect the frontal lobes. The temporal lobe is interconnected via |
the anterior commissure and the caudal parts of the body of the
callosum. The posterior 3 am of the oorpus callosum may be the
structure that is necessary to provide the "sensory window” through
which each hemisphere shares, 'j'd.sual, sensory (tactual), and motor

information fram the contralateral field (volps, Sidtis, Holtzman,

\Wilson, & Gazzaniga, 1982). The anterior corpus callosum may be a
"cognitive window", insufficient for transfer of sensory information or
motor ' programs, but able ter transfer information after some higher

oraer abstraction (Sidtis, Volpé, Holtzman, Wilson, & 7zan{ja, i98l). -
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Sectioning of the middle of the corpus callosum can result in a
specific loss of interma.nucl transfer of tactual informat;on with no
other mtermg:;mal diswnnécticn signs (Dimond," Scammell, Brouvers, &
Weeks, 19}7). Partial commmssurctomy patients show behavioural sigins of
disconnection specific “to the region disconnected -(Damasio, Chui,
Kassel, & Corbett, 1980; Gazzaniga, Risse,_.Springer, Clark, & Wilson,
1975; Springer, éGazzaniga, 1975; ﬁihl & Vvon Cramon, 1977). Scme
controversy exists around the possible cont_:ributioc of the anterior
commissure to interhemispheric cammmication. Risse, IeDoux, Springer,
wilson, and Gazzaniga (1978) have provided evidence suggesting that
_thls fibre bundle is capable of mediating multisensory mte.rhesmspherlc

//-.._

messages of a cmplex n;\ure. More recently, M:Keever, Iarrcbee, -
Sullivan, Ferguson,\\ and- Rayport (198‘1). have provided evidence
cg_gptering the above claims, and have ooacludéd ﬁmat the anterior
‘ccmnisfsure' is not an effective commissure in the transfer of
s im-ulation e;'éfe_cts on visual auditory or tactual tasks. Powell (1981)
has concluded that the functions of individual cortical areas are
dependent upon their conrécticns', and the differences in the origin and
termination and of the ratios between them determine the differences in
function between architectonic areas. Powell has stated that
commissural connections rray cause even adjeoining parts of the cortex to
d:f;e.r profoundly in regard to their functional s:LgnJ.fJ.cance.

' Moreover, while the structural and functicnal variation present
in the mature corpus callosum, is well documented, no information is

available which attempts to correlate the initial expressiog of
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cammissural function v}uth the maturation of its anatomy and physiology.

Indeed, disagreement even exists as to what part of thekco:.{g;s callosum

myelinates first. The first parts of the corpus callosum to become
niyelinated are ‘according to Yakovlev and Lecors (1967) the splenium,
forceps major-and the tapetum, and the) process of myelination is said
to spread gradually towards the genu, ioétrum and forceps minor. Data
fram Luttenperg | (1966) suggests in contrast, that zryelinatién starts
first at the genu, while de villaverde (1919) found that the truncus
develops myelin sheaths earlier than those of the genu or splenium,
“according to Selnes (1974).

Finally, in the adult brain, the bualk,’of the evidence suggests
that the primary and secondary sensory and motor areas of the hand and

foot have very scant o(;?,no interhemisphereic connections (Ebner . &

Myers, 1965; Innocenti, 1982; Jones & Hendry, 1980), whereas the areas .

representing the axis or midline are well connected with each_other

" interhemispherically (Pandya & Vignolo, 197L). However, Mishkin (1975}‘ e

has argued for the potential importance for the learning of samesthetic
discriminations of bilateral receptive fields in ar'éa\SII\gf the monkey
in analogy with the wvisual t;ilateral receptive fields in the
infero-temporal cortex (Berlucchi, 198l). Results fram rats, rabbits,
cats, and monkeys suggest that the mature callosal connections of areas
17, 18, and 19 of the vis:ual cortex are largely restricted to regions
which receive information‘from the middle of the visual field. The
extent of this representation has been said to vary fram 1 degree to

more than 35 degrees of visual angle frar the midline (Rocha-Miranda,

-

L
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Bender, Grfoss, & Mishkin, 1975). Bilateral cells have been found to
extend more than 60 degrees into the ipsilateral visual field,
especially in the Clare-Bishop or posteramedial-lateral-suprasylvian
area (Berlucchi;\1981). It is possible that commissural fibres may be
capable of tran;mitting as mch information as can be accurately
perceived in the peripheral visual field. 'Ih\::s, vhile differential
maturation of interhemispheric commmication, J'incllxiing developmental
changes in awon growth (increase in  diameter, length and
redistribution, plus myelination) and relative efficiency of specific
commissural regicns, may have exglained same of the variation in the
results cbtained in the present study between the simple and complex
chcice RT taslis, or between the results cobtained fram tactual versus
visual stimili, not enough is known to have made any specific

predictions. £ )

The Nature of the Develcpmental Changes

As previously mentioned, Gazzaniga and LeDoux (1978) have
characterized the mature intact adult brain, &s each half-brain being |
provided with npearly simultaneous representations of both sensory
spheres, so that ifterhemispheric perceptual equilibrium is achieved.
Inthe absence .‘of the forebrain commissures following surgery, however,
"the patient's left hand no longer -shares in the experiences of his
right ha{xd, and the vistal world of each hanispheré is now totally
contralateral. Only Ly oontinuous head and eye movements can the

S
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entirety of visual space be seen by both hemispheres. In addition,
binocular depth perception is impaired. Use of the left side of the
body in a linguistic setting is limited, as are the manipulospatial
abilities of the right- side."™ Bimanual motor coordination is also
disturbéd, and there can be distorticn of consciousness (Gazzaniga &
ZeDoux, 1978).

In contrast, characterization of the acollosal hrain has been
more Qifficult to achieve. Chiarello (1980) has pointed cut that unlike
the commissurctamy cases, acallosals show few symptams of hemispheric
disconnection. Be.h::;wioural strategies, use of Poncallos'al commi ssures
(e.g.! the tectal commissures), Ge.laboration o; ipsilateral pathways,
and bilateral representation of fonction: are suggested as possible
mechanisms of ccxnpensation. The compensation does not appear to be
camplete, however. In this regard, Milner and Jeeves (1979) has stated
that "an absent corpus callcosum cannct be ccupensated for where
cross—nappmg of fine-grain sensory information in vision or in touch
is necessary”. They argue that "clear constraints also,exist upon the
raite at which ski%ed' movements -can be coordinated and upon spatial
intellige.nce". Milner and Jeeves (1979) cite as a possible cause of the
difficulties for acallosals in motor coordimtion or skilled
performance, the lengthening of simple RT which has .been well
documented in  acallosal patients. The differences  between
interhemispheric transfer in normal and acali@ subjects may
represent a difference in degree or amount of (successful)

-

interhemispheric commmication, as well as a difference in speed: of
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interhemispheric ccummication.; Apparently, neither can ke totally
campensated for in the acallosal person; on the other hand, in
camparing interhemispheric t‘ransfer between normals and commissurotomy
patients,” the major difference may also be one of quantity of
(successful} interhemispheric  commmnicaticn. The status of
cammissurotamy patjents at this time in regard to RT tasks designed to
measure the speed of interhemispheric commnication is ﬁnclear. The
question arises of how to characteri%ze the changing x'zature of
interhemispheric commmication throughout childhood in respect to the
evidence fram the current study. T

Br;.efly . the present evidence indicates consistently that younger
children respond moge slowly to crossed stimilation then do older
children. With increasing age the resﬁbnse rates change depending upon
the nature of the stimulus (visual or tactual) or the task (simple or
camplex choice Ri‘). The different rates of chamge obtained are not
totally independent processes, however, but appear primarily to réflect
the underlying myelogenic timetable,’ in addition to cM:ﬁes in axon
growth and redistribution. From the rpresent evidex}o/e, taken in
conjunction with existing knowlédge, a graduated devel J t;lmodel of
interl‘\xemisphe.ric communication can b@ constructed. /

Very young children initially show behavicural limitations which
are similar to those found both in the cummissurctomy patient and in
the indiviépal with callosal agenesis. In the case of normal
development, as children mature, behavioural limitations are shed ar

decrease in severity since interhemispheric transmission speed improves '

P
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, behaviour being now most similar to normal intact adults.
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and changes relative to intrahemispheric processing; and children begin

to behaviourally resemble acallosal patients more closely than
brain-bisected patients. At or near the end of late childhood children
show relatively few or no behavioural signs of either group - their

v

- This model is consistent with the notion that the msiture-f intact

cerebral commissures normally compel the two hemispheres - to work

closely together, :while recognizing that even in the intact adult
split-brath phenamena can be found. With respect to disconnection

features in the normal hbrain, Dimond and Beaumont (1974) have shown

* that there is a capacity for independent information analysis at each

side of the brain and that information may fail to transfer fram one
hemisphere to the other under oonditions of difficult percpetual
analysis. With respect to increased speed of interhemispheric
comminication with increasing’ age, this model may explain improved
timing and coorainatio_n of rovements between hands on the Labarynth
Game (Elliot & Comnolly, 1974), 'increased velocity of intermanual
transfer on the TAT (Finlayson, 1976), and successful bimanual
co-ordination -of older children on Tapping tasks (Maxwell, 1981).
Moreover, the model predicts that younger childgen may not be able to

successfully complete certain cognitive tasks that older c¢hildren-

could, - due to slower transfer of . information between the two

half-brains. 1In this regard, two additional studies are of interest,

since they appear to address cognitive functions more than sensorimotor

functions.

«?
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Kraft, Mitchell, Langms and vheatley (1980) examined
hemispheric EBG alpha asynmetfi&s on Piagetian conservation (e.g.,
identity of water wolume in different-shaped containers) and
readinq tasks. ,:'I.‘hey found greater fight hemispheric processing during
ercoding of inf;:rmation (e-.g., watching the physic‘.al transformation)
and greater left hemispheric processing during retrieval and verbal or
logical expression (e.g., explénation - why do you\“ th:.nk so?) of the
infodmation, which suggests according to the  investigators,
interhemispheric pr'oc&ésing‘lj. within the tasks. These results were not
obtained in nonconservers ' in children who failed to answer
subsequent question,s;‘correctly,' suggesting that efficflent

interhemispheric communication is necessary for success m‘Pi_agetian

conservaticn tasks. ' A

3

unpublished study in which interhemispheric commmnication is so poor

when pictorial stimuli are presented tachistoscopically to the right
hemisphere, that young children of four years of age will ‘reg'.pond when

questioned with large information gaps, which they e.rrdnea:sly_ £i11

Rawn Joseph (1982) has very briefly: described “an® as yet

-
»

with confabulatory responding. Maxwell (1981) has reported a somewhat »

"similar finding. Note ,also that this is a common findg in

. : - - I
brain-bisected patients (Gazzaniga, & ILeDoux, 1978). Joseph (1982)

hence mfe.rs that the le.ft hemsphe.re of a young child has at J,east_
incamplete knowledge of the contents and activity in the right. He

argues. that the.development of commissural transmission as a result of
myelination, allows the left hemilsphere access to right hemisphere

et
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inxpulses;to—action before the action cccurs rather than forcing 'it to
make sense of the behaviour after its completion. Moreover, Joseph
(1982) has suggested that the development of thought is in part
determined by “the development = of- interhemispheric éanmmication,
thereby allowing the left hemisphere to then actively engage in the
formulation of behaviour through rapid ongoing communication with the
right hemisphere. .

The latter two studies are particularly fascinating in their
implications for the emergence 'of- thought, control of acticn, and .
" cognition in the developing child. The findings of the latter -two
studies are also consistent with the results of the gresenﬁ study.

Furthermofe, the findings of ‘the present study are co}usistent
with the model of hemispheric specialization proposed by Bradshaw and
Nettleton (198l1). Tiey described a continuum of function between the
¢1€mis£>heres, the difference being quantitative and by degree, in which
functioning of the left hemisphere .is said to primerily involve
duration, - tempeoral crder, and seque}x'éing ; the actual status o ole
of tempora}_ factors in interhemispheric processing remains unclear.
McKeever and Mlim (1971, a, b) examined word recognifion performance
in adults using bilateral simitaneous tachistoscopic presentations, in
which they ‘found that delaying presentation in either visudl field did
.nbt alter ricjhf. halE—-field recognition superiority.  However, as
McKeever (198l) points out the” search for basic hemisphericity is
reminiscent of the search for the fundamental faculty of intelligence;
is - it digitai mzm;zyt, narrative memory, atten‘.:_ion, abstraction,

~——
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fluency, judgment, etc? He concludes that it is none of these yet all
e .
of these, it is a coordinated "glcbal capacity", as Wechsler conc}@df.

He states then that cerehral specialization is not likely to be less

complex or more -"captured” labelling cne of its attributes, for
example, temporal processing!

While lateralization of function was not a focus of major interst
in the present study, its discussion does have some relev_ance to the
results obtained. The concept of cerebral lateralization is a dg’.fficult
concept to define or _I_neasuré (Colburn, 1978).. Performance on any task
may depend u:pon the processing capability- of each bemisphere, and may
be altered dependi@ upon whether the motor processing in each
hemisphere changes, whether the nature and efficiency of transcallosal
transfer of information changes (Birkett, 1977), or whether these and
other varicus processes intefact (Bryden & Spratt, 1981; Eling, 1981;
Levy, 1983; Marshall, Caplan, & No.lnes, 1475; Richardson, 1976; Stone,
198Q). Despite the confusion, however, numerous attempts have been made
to- assess laterality in early dex}elogxent and attempts have been rrad;a
.to relate laterality findings to interhem.j.sphe.ric' development
(penenbefg, 1981; Orton,-1937). A sizeable amount of research (Gardiner
& Walter, 1977; Ingram, 1975a, 1975b; Molfese, Freeman, & Palermo,
1975; wada, Clark, & Hamm, 1975; Witelson, 1977; Witelson & Pallie,
1973) shows that lateral asymmetries <;f functions and hemispheric
specializations are alreé;@y' pu:ese;"lt in infancy or at least by
S-years—cf-age. Kinsbourne and Hiscock (1977) provide evidence that

lateralization remdins constant at.least from the age of three. Hiscock
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and Kinsbourne (1980) have proyided evidence to support a developmental
invariance hypotﬁesis at least of language lateralization. The question
is whether the matiration of the corpus. callosum has any causal
relation to the deve‘logment of lateralization.

Several lines of evidence favour normal lateralization rather
than bilateral duplication of abilities in most acallosal patients,
despite an absence of the corpus callosum throughout their development
(Milner & Jeeves, 1981). On the basis of these findings, however, it
should nbt be concluded that maturation of the corpus callosum has no
role kto | play in the development of skilled functioning throughout
childhood. Indeed, evidence fram acallosal patients suggests that while

~ .
the corpus callosum may not be needed to determine the degree of

lateralization of a function, it may be needed for the adequate or

optimal development of many "lateralized"” functiens., In fact, one of
the possible roies of developing interhemispheric cammnication may be
to prevent the behavioural expression of hemispheric functional
specialization dfe to  increased efficiency of interhemispheric
cammnication. - A possible reason for decreasing ar u.nchanging lateral
asyme*;ries during development is that speed of" interhemispheric
cammunication mey inciease giving each body -si@e greater access to
ipsilateral hemispheric functioning. i

Wh.:xle the present study provides evidence for a dJdevelopmental
increase in interhemispheric commmnication, it does not directly
address Kinsbourne's (1973, 1$75) "attentional hypothesis®™, in which

the corpus callosum is given the role of allowing a rapid redisposition
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of attent;_ion between the two cerebral hemispheres. Results from sare
studies (Ellenberg, & Sperry, 1979, 1980) have suggested that thé
cerebral commissures Iramtam attentional unity in the intact brain,
while other studies have indicated that considerable caution should be
exercised in proposing the attentional bias view point ;as “an
explanation for lateral asymmetries (Berlucchi, Brizzolara, Marzi,
Rizzolatti, & Umilta, 1974; Boles, 1979). Fimally, chnfrovery exists
over the possible existence and role for inhibitory commissural
functions (Denenberg, 198l; Selnes, ‘1974; Berlucchi, 1983), but such
functions would be difficult to understand fram behaviocural evidence
presented in the current study.

Controversy also exists regarding the existence of sex
differences in"the morphology and functioning of the adult and child
brain (Buffery, & Gray, 1977; Ray, Morell, & Frediani, 1976;
Rizzolatti, & Buchtel,k 1977; Knox, & Kimwa, 1970; Jones, & Amza,
1982; Wolff, & Hurwitz, 1976). On the basis of these findings a
decisio'nrwas made to-examine-only boys in the present study even though
gisls have been included in a number of studies which investigated -
iNiterhemispheric camminication in children. However , following the data

\ E:ollection of the present study, evidence of sexual dmnsphlsm in the
‘ hurman corpus_.callosmn became available (De Lacoste-Utamsing, 1982}.
gfeli.mingry cbservations suggest a sex diffe.rgnce in the shape and
suffaoe area of the splenium, the caudal or pé:sterior por*%on of the

Nhd e

corpus callosum. - The female splenium iseboth more bulbous and larger

than the male counterpart. The author concludes that since peristriate,
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parietal and superior temporal fibres. course through the splenium, this
finding couldfbe related to possible gender differences m the degree

of lateral:.zatmn for visual spatial functions,

Applications and Recammendations

In theﬂ present study, no children demonstrated any remarkable
~differences of apilities between tasks, althought one S5-year—old ard
one 7-year old child dermnstrfted faste.r‘ contralateral and ipsilateral
RTs than their peers, performing overall more like 9- and ll-year-olds.
These two-children alsc appear to be quité bright. Moreover, it often
seemed that the brightest children in the study, were .the children who
provided the most consistent L'Jerformance in their respective age
groups. Specific results reported for the acallosal subject in this
study suggested that at least the tactual s"ngﬁe RT task was
consiétently sensitive to individual differences in cerebral
functicning. This is encouraging from the point of view that the task
”rha)kbe sénsitive to differential development of function and structure.
as d‘erronstrated by the present investigation, however, oarprehe.nsivé
assessment involving performance measures fram both modalities on both
simple and complex RT, tasks would provide the most ._jhorough
information. In t'ne interest of relJ.ab:Ll:Lty and practlcallty, tPe\/
snnple tactual RI‘ task may be the best chome, although all ofy the
tasks can be easily administered repeatedly, and are amenable to

assessment of small changes or degrees of improvement.
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There was no opportunity in the present study to examine the
effects of interhemispheric development on  standard ‘measures of
,po@nitive abil%ty, such as the Wechsler scales. However, it is, \unclear l'
?hat predictions one might have mede. For example, Zaidel, Zaidel, and
Sperry (198l) examined responses to the Raven's Progressive Matrices
following brain bisection and hemidecortication. They found anly slight
hemispheric advantages, and concluded that the data best supported a
primary ability nndei of intelligence with localized and neurologically
dissociable cerebral organization. An interesting finding.of Campbell,
Bogen, and Smith "(198l) was that in addition to other roles, the
forebrain -commissures can also serve as "standby" or “reserve”
structures on oogn-it_ive tasks. The case is reported of a patient in
whom the middle sagittal third of the corpus callosum had been excised
becavse of an underlying anginama. The patient ‘suffered cognitive
improverishment, inéluding the inavailability of complex ideas and the
absence of emotional commnication (Dimond, et al., 1977). Qognitive
f}mctioning was also extensively  evaluated | n a recent
callosum-sectioned - patient; standardized tests as well as a
sophisticated hypothesis testing task were administered both pre— and
post—cperatively. No post;cperative deficits were oﬁtaingd. Conversely,
this patient demnstratéd marked ‘imprcvement in almost every measure
utilized. The investigators - concluded that cognitive processing of
complex information is not necessarily dependent upon the integrity of
the corpus callosum, but ra;her that éogniéive processing i;—i;;;;E;/an

intrahemispheric process.
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While it is unclear what role interhemispheric function pléys in

intelligent behavior, it is ndw Cclearly establ{ished according to Jensen
{1980) that RT, particularly choide RT, has some significant
relationship with "psycham&ic g':. Jensen has found among college
students that the intra-individual standard deviation in RT over trials
is more highly correlated with standarc_i_,ueasures of cognitive function
than any other si&lje variable derived from the RT paradigm. The
implications of his findings are that trial-to-trial variation in RT
increases either as the efficiency of neufall processing decreases or as
the complexity of the task becames greater. T. S. Carlson and C. M.
Jensen (1982) replicated and.extendexi. Jensen's ‘work an a sample of 20
ninth-grade girls. Relationships Be'tv;e:n' RT .and motor time and Raven's
ézogressivé Matrices écores were found to be negative and moderate to
high, thus replicating Jensen's findings. It would be a great interest
to examine a normal child population similar to the subj;acts used in
the present study -with the choice RT apparat‘us,desigffed by Jensen
(Jensenf 1980, p. 680). In particular, it might be worthwhile to
conduct the study using the scleral contact lense apparatus constructed.
by Didel (1975) which permits continuously lateralized visual
presentation with free ocular scanning of the stimuli. TIt.-would be of
considerable "'mtefest to present the Wechsler and Raven's tests, and
possib]:y other cognitive tasks in this same continuously lateralizaed
fashion to these subejct:s.l Stu'Ss; Bensen, Kaplan, Weir, Naesser,
Lieberman, and Ferrill (1983) ‘however, have pointed out in  their

research with orbito—frontal patients how subjective evaluation and/or
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standard IQ tests may fail to identify important cognitive limitations.

- With the use of the .appropriate tests such a sﬁudy may provide some

insight -reg?rding the roles of @e cerebral commissures in normal
development of cognitive functioning. -
In this regard, Goldman-Rakic and Schwartz (1982) has recently
showp that in the prefrontal association cortex of mecaque n'onkeys!
associational projections from the parietal lobe of e hemiséhere
interdigitate with éallosal projectlicgns frdn the opposite frontal lobe,
forming adfecent colums (Schwartz, & Goldman-Rakic, 1982). The
implications arg exciting in terms of future research in regard to a

chiid planning and organizaing his own behavior. For example, tasks

‘could be designed in which information for problem solving could be

presented to either hemisphere-for a certain period",'of time. One could
determine whether faster or more accurate problem solving and
hehavioural planning was achieved when problem  presentation and
solution was experimentally imposed upon only me hemisphere, {re.rsus
when an attempt was mde o ) emloy —both hemisphex:es, across

chronological ages in children. Indeed, in this sense gifted children

may respond more like older children -in regard to speed. of

i_nterhé-misphere transfer. o

Even if any of the present tasks could identify commissural
maturational lags in any clinical population, the results of the
present study do not Jimmediately suggest ar;y particular remedial

procedure. There are, however, several clinical populations that could ‘

.
< I



B

™

] \/) - Q.

address themselves to RT tasks similar to the ones used..zr{; “the present
study. l

First, same of the procedures used in this étudy my be

applicable to the identification of interhemisphere deficits following:
head injury (Geschwind, 1970, 1975; Rubens, Geschwind, Malowald, &

Mastri, ‘1977) .

v Second, several invest:i:gators have‘ attempted to demonstrate that
ihterhenﬁ.sphe.ric dysfunction is preé_ent in -psychiatric disorders,
inci‘uiing schizogﬁrenia (Flor-Henry, 1976; Green, 1978). For example,
Jones and Miller (198l) examined interhemisphere conduction time in 12
schizophrenics uéing son'at|osensory EPs which they found to be

"effectively zero".

-\

Third, verbal tasks are typically assumed to be processed by the

left cerebral hemisphere, but the :i-ght heisphere may have same .role

both in language and in learning. In this regard, evidence comes— fraom

-

work with commissurotcomized patié.-rits suggesting the importance of the
right hemisphere for .reading (q}."‘adshaw, Nettleton, & Spehr, 1982;

Gordon, 1980;_ Landis, Regard, &L“-Se.rrat, 1980; sSugishita, Toyckura,

Yoshioka, & Ymada, 1980; Zaidel, & Peters, 1981). Further, Ornstein, °

Herron, Johnstone, and Swencionis (1979) recorded EBG alpha Efrom

‘homologous central and parietal scalp. locations in intact adults.

Reading stories engaged the central area of the right hemisphere more
. i

than reading technical material, with no significant difference in

reading speed. These investigators concluded th;at some aspects of

reading differentially ‘involved the right hemisphere.| Commissural

/o
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development has been implicated -in the lateralization of language
skills (Badian, & Wolff, 1977, Hatta, Yamomoto, Kawabata, & Tsuti,
1982; Ingram, 1975a, 1975b; Knax, & Kimura, 1970; Molfesse, et al.,
1975; Satz, Bakker, Teunissen, Goebel, & Van Der Vlught, 1975) and in
learning disabilities (Badian, & WOlff, 1976; Beawont, 1976; Rourke,
31982; Sechgzer, Folstein, & Geiger, 1977; Vellutino, Bentley, &
Phillips, 1978; Witelson, 1975, 1977). The behavicral tests described
in the present studf may be useful in isolatﬁg Mterbarﬁsp@;ic', lags
in learning disabled children. Knights and Studdert (1981) have pointed
out, however, that neurodiagnostic evidence is commonly less clear-cut
for the minimally brain damaged and the learning -disabled child, than
for the .nc.armal or clearly brain damaged chj.ld. . -~

'No attempt was made in the. oresent study to  assess
1nterhemz.spher1c development in regard to auditory stimnlation, because
of the inherent difficulty in late.ral;.zmg the auditory stlmull to only
one hemisphere. The importance of the corpus callosmn in the nornal
functioning of the auditory cortex is well documented, however (Sparks,

& Geschwind, 1968; Gordon, 1975; Simon, 1968; Zaidel, 1976) .

. A Finally, a reasonable extention of the present thesis would ke to
oonbmed the use of EPs and the behavioral tasks of the present studyf
to explore develo;nental changes in interhemispheric cemmunication.
This seems especially true in regard to complex RT tasks, since in this
‘éase behavioral performance measures alone f£fail to adequately elucidate
integration of information at the cortical level. Bashore (198l) has

pointed out how such a procedure might allow a dJdemonstration of
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dissociation between RT and components of the EPs. In this regard,
replicate this study while attempting to lateralize stimulation and
responses, in order to assess the contributions of interhemispheric
commmication during normal development.

Sumrary and Conclusions

&

R

The presént study represents an initial behavioural investigation
of the development of speed)of interhemispheric commnication in the
child. Behavicural RT pagydigns were used which examined manual
response latencies, in either the tactual or visual modality. Motor
responses which were initiated by the directly stimilated hemisphere
were subtracted from those made by the indirectly stimulated hemisphere
to arrive at estimates of interhemispheric transmission time. It was
assumed that the subtraction method ;aould provide accurate and
independent measures of interhemispheric transmission time for either
the simple or complex choice RT paradigms.

The salient findings are described as follows. All of the
children in the present study were ablg\tb respond to crossed and
uncrossed stimuli alike, suggesting that inté.rhemispheric oormmhicatiOn
is present at least as early as the age o.f 5-years. RTs to- both crossed
aﬁdauncrossed tactual and visual stimali decreased with increasing age,
between the fifth and eleventh birthdays; these results were obtained
in both the simple -and complex choice RT paradigms, including the two

Fl
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contrel tasks. On both the smple and ccmplex cholce experimental KI‘
tasks, the younger, children exhibited a significantly greater response
delay to cross&ed sensory stimulation than the older children. On the
sﬁrple tactual RT task, response latencies to crossed -stinm.latim
decreased greatly between the ages of 7- and O-years, whereas on the
simple: and'complex choice visual RT tasks response latencies appeared
to decrease earlier, between the ages of 5 and 7, and agaTin between the

ages of 7- and 9-years. For all of these RT tasks decreases in response

. latencies to crossed stimulation relative to uncrossed stimulation were

most evident at the ages indj;cated, but may have been changing
gradually between the “fifth m These uneven
developmental changes in transcallosal transimesion” rates suggest that
meturational factors in addition to the myelogenic' timefable may need
to be taken into consideration.

Apparent differences in the rates of change of interhemispheric
tra}xs:rﬁssim times, depenamg upcn both the nature of the RT tasks and

the nature of the stimuli, suggest that different subsystems of the

cerebral commissures may mature at different rates. However, while

changes in speed of interhemispheric transmission occurred acress the “

ages examined, J.t was not pOSSlble to determlne whether the information-

transferred was purely sensory in nature or a motor coxmand Nor vas it
possible to determine the degree to which information vas proc&ssed
prior to transfer, Nonetheless, the basic assunpt-ion that measures ;ca-f

crossed-minus—mcrossed response latencies would provide both val:.d and
e

dlstmct estimates of interhemispheric transmission times for a oo:rplex i

=

a b o



a clinical setting. - .-

' L . >
cholce RT paradigm as well as for a simple RT paradigm appears to be

nip%zaﬁ within the context ofsthe present study.
The findings of this study are consistent. with the hypoﬂmesié of

the cerebral commissures playing an integral m’lj;ﬁ d\evelogrent of

skilled human functioning through childhood, / terms of incre.as‘ing
speed of interhemispheric mmiétion with increasing age. The
results of the 'st& suggest a wodel which helpst explain how the two
hemispheres became me structural and functional wnit, in terms of

transcallosal transmission rates. Slow interhemispheric transmission

early in develogn'erit may underlie apparent inefficient intefhemispheric :

information tr:ansfer in the same time period. The 'lfpresent study
pron“:i_des‘ a heuristic mxdel for fﬁrther investigatien and elucidation of
interhemispheric commnication. in children. Mareover, the pattern of
results obtainéd for the acallosal 'patient suggest that the tactual,

simple RT task, in comparison to the visual, simple and complex choice
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RT tasks has the greatest face vé.lidity and may be uéeftﬂly applied in <

’
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