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Tﬁe‘preaéntfstudy ie ar éJéempzntd synthea;ze the findings related io
‘higher psjchological functions obtaingd from brain research.espdcially in
“the erea of split—bra;p studies ands highl{ght their--implicatttns for educa-
tion, An awarene8s of these significant findings among educators as well

as parcnts is essential for a full development of mental potentialaties of '

our youngsters, who are going to be the citizens of tomarrow. - TN

e

# .
! plit~brain research haa p01nted out the different functicns ef the
two h ispheres of the brain, Mcre specifically, the 1eft hemisphere is
! consxdered to be responsible for verbal, analytic and linear functioms, ,

whereas the right hemispheqe 1s specialized for visuospatial, syrchetic

and gmotional abilities of the human meatal domain. In reality there is “.“_

hemispheres lies in the mode. of processing stimuly the left utilizes
’ a verbal mode and the right'a nonverbal mode. The dlfference between the

two hemispheres is more in terms\gf the degree of input from eachhof the

hemispheres'in a particular mental function. Hence, both make important

'

contributipns in various higher ‘mental functions.
" Each lgarner is unique -in terms of his mental potentials,. Teaching

is the process of stimulating each learnmer's potentials and helps him dev-
elop _his potentials to the fullc;t. The present educational system, how;
ever, is largely lefg<hemisphere dominant both in terms of subject—matcer
vas well as in terms of the method of teaching. ‘The, results are reflected”
in the growing number of children falling behind the expected ‘rate of léarn-
iag because of their inability to cope with the pressures exerted by a tech-
- nocratic aocicty. Hence, there is a strohg need for a rcexamination of  the
preseﬁf left-oriented educational s?aéem. A holistic apprcach to education
might provide balance o all learners (1eft-oriented or right-oriented).
Stimulation of both mo!es of processing stimuli among all learners
p{lize their capabilip}esrfulj

“

-would give equal opportunity to devel-- and

) ly. The emphasis is to create a shift towprds a balanced whole brain educa-

tion. This balanced approach does not necgsgdrily demand a change in the

contents of the curriculum, In fact, the¢/ jnitial change, K requires a shift

ere-oriented to a balanced meth—- «

-in the method of -teaching from lef
, “r

4 ’

- i N 1 ’ \

| &

) some overlapping between the two. The main diffe;ence between the two * !

[

°
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JThe present thesid deals with 4 review of split-brain studies of

-

+

&
s . e v o, . . .« e . @
animals, humans, and the aiymmetrlcal-xunctlons of the two hemigplieres f%

- ©
M

Al

»
- - - . - » - 2 H
of the brain, Finally, an attempt to extend -the implieatiocgs of thuse -

A] . * * . . . . ¢ - v R

. . - s - . : )
studies to pdssible curricular changes that will addres$ the develop-

. t [3 Ya

——— Pl ~ -

ment of the,cognitive capagities of- the mute right hemispherp of chil&

' >
" s e

dren will be made. The field of npeurpscience is still in its infancy -

. [ ] - -

. i . g .. . !
but 1s progressing at a tremendous pace in uneovering the mysteries of

. -
(o4 L 4 . " B -

. . o, . 3 - .
the human brain. The sehsory and motor functions ¢f the human,oraig

L
- N

are well uﬁderséood. But the mechanics of higher mental functions such

b

gs thinking, learning and ﬁemorx are vet to be'understood .fully (Dogy,

a

1974; Teylery &977, 1978). #ince the brain is so copplex and d1fferen—
[ - ¢ <

.

» t Y

4 » . ‘e e
tidted¢ research on the relationship between the brain and mental .func-

. - 4 L4

ytions bgcome$ all the more difficult. It acts as an instrument that ,

L e @
°

directs and repulates‘human behaviour, Though neuroscience has made
TS v ) T o .

gfént progress in unlocking the incredibly complex secrets of %Pg . %

iy
v

brain, the unlocking of one doer has led to another more fascinating
. * °

a - . -
> » 3 .

. 1 ¥ v

door. -For neuroscientists, the challegge is te explore the house (brain)
N 'i: - ’ oy ’ "

without disturbing the occupant {(indiyidual)., A‘slight error of the

.-\,)

@

nsurosurgeoh's knife "in brain surgery might be disastrous for the

P . .
4 . . - . .
.

individual .~ ra permanent loss of a sensory/motor or menggl"funqtiog i
4 - s

© » N ar
¥

# ?aA . w
and sometimes,even resulting in death; Therefore, neugoscientists are

) - n . A
v

foreed tp attempt initial investigations on animal brains,

‘. ° v 2

. A.brief de9cript}on"bf the gradual develéﬁmen; of the brain and

(33 s ¢

b,

N a

iy L . hd L r " D."’
its progressive differentiation into various zopes across mdmmalian
A + v ! .

"
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evolution seems appropriate. before taking up 'phenom§ﬂ§b<3f Ysplit-
f . =V .

"cerebral asymmetry" which is the subject of the present

brain" or

0y
o

' thesis, On the phylogenetic scale, a comparison of brains of four
(S -~ Yo - ’

.lies within fissures,

mammals (rat, cat, monkey and man) indicates that changes in the

. « .
brain are limited by and Iarge to ‘the cerebral cortex which is:largely
L - * R

P

involved in highen‘cognitive functions’ in man (Teyler, 1977; .Thompson,

v ~
>

1975yl '?}obabiy this is the reasen that the cortex hass undergone a

. o

great deal of deyelopmenﬁ across phylogeny, The cerebralfcqrtex is

T . .
considered to be the'most recent evolutionary development of  the

w ‘. 3
vertebrate nervous system, An examination of successively more com-
. R

3

plex mammals shows a fairly regular increase in the size of ghe.cor— -
tex;‘;Ehis increase iéalargely evident imn: fissures or folding of the
cortical surface. The de&elopment of "fissures has allowed a tremendous

increase in thé_amount of cortex without conscipuous enlargement

of the rigid skull casing in mpan, Thé "basic organization of the cor-

«

tical'sénsofy and motor areas does not seem to differ markedly from

rat o man, The relative amount of aséqciation cortex (cortex that

o
o o

is neither sensory nor motor but is assumed to be involved in higher

b

complex’ ps¥chological functions) increases sﬁhrply és'geen in Fig.

s ¢ v - 3

. \ .\i.) s
1,1 (Thompson, 1975). It has been estimated that more than three-
* * .

quérters of the total amount of cerebral cortex in the hﬁman brain

[

v '
°

* Though the basic features of brain organization are present at

B

birth, the human brain undergoes tremendous growth in neural pro- ~ g

cesses, Synaptic formatiom and mjelin sheath formation until puberty,

These processes can be profoundly affected by the organismls environ~

ment, Thus, the wiring.of the brain is completed as a result of the

13
.
-

o
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v

fa

» @ «ss brain processes preseﬁt at birth will degenerate

P
-

interagtion of ‘génetic blueprinté %nd environmental influences, “

P_—
» L b »

Furthermore, Teyler (1978) comments:

3

[} - - °

if the environmental stimulation necessary to acti- -
‘ vate them is withheld, ‘It appears that the" genetic .
- contribygtion provides a framewerk which, if not used,

o, will disappear but which is capable of further develop-
ment given the optimal environmental etimulation I
. (p. 27). : -
] @ N % .

v - - 2

. 4 13 N .
’ In the latter ﬁart of thk nineteenth century, the cerebral cortex
b

- ¢ v

-t
became a subject af gﬁiig interest. ‘In 1861, the Frenchli surgeon Paul

-

. 0 .
Broca {iscovered that speech is impaired when damage occurs to'a small

area of the co;;ex»low along the side‘bf the frontal lohe known as

.

Broca's motor speech area, Thus, the evidence for cortical localiza-

o~

tion was noted. Four years later, Broca observed that«the effect occur-

red on1§ when the left.side of the 'cortex-was damaged and this paved the )

+ way for further investigéfions (Watson, 1981)., A series of investiga-
tions followed and another important findingewas reported by Wernicke.

He described another area on the 1eft.sige of  the hrain located around

® i ‘. ) “
the junction of the temporal and parietal lobes that came to be known

as Wernicke's receptive speech area where lesions’ may .result in lan-

-

guage-difficulties (Watson, l§él)% Dapage to this area was found to affect

comptehension but not the gbility to articulate speech., With these

Pl , 11 o
important discoveries began the era of strict localization of mental

i

functions in ‘the brain, . The idea behind the strict localization theory

- u

#%as that for each function a corresponding area in the brain can be

P

@ found. However, soon it became evident ‘that though the left side of .

the brain served as the control center for the‘}ight side of the body
and vice versa,i.the game did not hold true for complex mental functions.

b -
v

' 7 ? v +
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'~Higher mental functians are regulated by an integrated effort of two,

[y o .

or more differentiated areag' of the gortex *(Luria, 1966a, by Vygotsky,
”

N
~ [ “»

.o 0 195") Man's cerebral ebrtex shows an esgreme degrere. of differﬁia <L

®
-

tion into 'regio’fm and fields as compared to theusimple und:.ffe!en—

oy L

N
- T - tilated cortex of the@_wer mamals. The «progressive differentiation - ?
“e

A of the cortex across ;naﬁalian evolutio‘n is clearly shown in Fig, * w -

. K ... (Lurla, 1966b) In- the lower mammals, only a few Bf the principal -
" analyzer zones (vn.sual, guditory,* cutaneokinesthetic), although not |

vk T, Y. .
yet ‘different'iated internally into fieys“ and only very ‘vaguely dis=

- - - N ¢

- . -
» o
» 3

tinguished from each other, %é evident, At hlgher stag®s Q‘af evolutién, v

e ¢ .
. a

however, the nuclear zones of the analyzers are’more clearly distinguish—
* \ .
- %d and differenti‘a,.ted into cen‘tra;{;‘ and secondary fields. Simultangous .

» s L '

) ‘to this differentiation, tﬁere@is an inc“rea'sing tendency for one area L -
to extend into another, resulting in overlapping zlyr}e& or’aregs, Th;ié. .
“ . . - , - . )
. qoverlappﬁing explains the involvement of more than ¢ne drea of :the - " f '
brain in any com\plex mental task, ‘ N . ' " ' oot o “. X v
N - The cerel;ral cortexlconsists of two hemisphéres that are:'e‘&actl.y Y

w

. " alike in appearance and contain identical co%troi centers, for.sensory L
" and mot¥r activities of the body (Sperry, 1961, 1964) as seen, in o

" % Fig. 1.3, In the normal brain, the two are connected via a thick 2. Ca E

“ . *
i ! bundle &f nerve fibers known as the corpus‘callos?m and thus the brain .

A

is seen as an integrated whole, The two hemispheres have clearcit . .

< .
3 v e

roles with regard to the sensory and ndtot functiops“of the body. The

*left hemisi:here&controls the right side of the body and the right o

4 ' .
T . ‘hemisphere controls the functions of the left side of the body. But ,

- «
R * -

when it comes to the regulation of higher psychological functions, -

the two hemispheres do not have clearcut roles, Largely-the two work .

. . - -~ ’
L4 .
L . A
- ' 4
. .
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Fig, 1.2 i ’

-3

(From Luria, 1966b)

"

Progressive differentiation of the regions and fields of

the cerebral cortex, (A) Brain of the hédgehoé. (B) ~

Brain“of the rat. (C) Brain of the dog. (D) Brain of a

lover ape, (E) Brain,of a higher ape, (F) Human brain.

The large dots denote the primary (central) fields of the _//

' nuclear zones; the middle~sized dots denote the peripheral .

(secondary) fields of the nuclear zones; the small dots

denote the tertiary fields (overlapping zones).
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* pus callosum became evident (Myers, 1955, 1936; Myers’ and Sperry,”’

" and memory experiences with no connection between the two aé all. Fur-

concluded that theé corpus callosum has an important function’ in inte~

a
W
-

h ~ 5
5 > ' 5 .
s A\

. in harmony and integrate information receiyéé in the two hemispheres.

g
hd &

Until about the year 1950, the corpus callosum was consideréd to be e

an

the largest and most uselgss among all the braln structuress Then Lo

°
%

-

in the early 1950's, Sperry and hig collaborators discovered the

phenomenon ¢f split-brain in animals and the important role of the cor=- ; 1

[N
v 0

w2

1953). Resukts from a’number of experiments on cats and mbnkeys in-

"dicated that the corpus callosum was instrumental in lgying down a

duplicate image of the learnt task in the opposite hemispherey Soon R
s ;f . Sf:, ‘ - i
other experiments followed both on animals and on humans (operated

for medical ;easons) and a gradugl progress in understanding mental )

functions began,

" Initial disconnection of the two hemispheres did not indicate any

change in the animal's or indiviﬂugl's behaviour, Soon a complete func-
. . ,
tional independence of the separated hemispheres was, noted ggeschwind -

. ~ . 7
and Kaplan, 19623 Sperry et al., 1956; Stamm and Sperry, 1957), Each \

3

) of the disconnecteq hemispheres developed its ewq,chain of learniné

; .
ther@bré, the two hemispheres could be trained simultaneously to per- ° \

El

form diametrically opposed activities (Myers, 1962), These findings

rdised questions about the role of the corpud callosum in the normal

[ ’ s,

¢ ; ) -
brailn, With continued efforts of neuroscientists, it can now be safely

' ~

grating information from the left and right hemispheres to maintain
' L]
unity in the behaviour of the normal animal or individual,
Research work since the 1960's in the neurosciences has uncovered

a great deal of the mysteries of the brain., The specialization of

.



* » - N - e .
the two hemispheres in different functions has been emphasized, It‘

is a well established fact that control centers for language are locat-
/'\ R
eﬁ in the left hemlsphere of right—handed individuals, Most left-

handed individuals have their language control centers®in the right
hemisphere, The left hemisphere, however, due to” its major control

3

ovir iinguiqtic, analytic, mathématiéal anéclogfcal capabilities has
ireceived much«more attention not only, }n research work but also in’
education. The rlght hemisphere was largely ignored by researchers
until the early 1970:5 when it started gaining populgrity.iq.research
work, » The right hemisphere's holiséip, visuospatial ability is now .
Jbeing given considerable attention, Grad;ally, its’major characteris-
tics are being disgovered. It Fends to‘take the major lgad in int;—r‘»
érating or synfhesiz%ng information, in thehqct of creativity an% \
musical tasks., Its intuitive powers have been realized by gred4t sci=-
entists iﬁ the process of their scientific ?iscoveries.' The right v
h;misphere's approach utilizes visual imagery i?d sometimes dreams in
processing a farticular task, Visual imagery, dreams, etc, are ofteq ’
aésdﬁiated with ‘the domain of.abno;mal behaviour and, thus, are nét
readil& aéceptable in our present society. Theugh children tend to
utilize visual images in their early years of life, these are gradually
de—emphasized in the process of being educated, l

In the present technocratic society, left hemispheric functions

haye.la;gely taken controi over individuals. Westfern soclety is
heaviiy dominated by linear logic. Rational %inear thinking héé affeeted
individuals' minds, Anything that fails to fit in the S-R formula is
rejected by investigators for fg;ther study., Since thé gight'hemisphere's

visual imagery and intuitive ability cannot be explained in terms of



v

- 10"" ) ‘ +

v .
the S-R formula,ieducators do not find it necessary to stimulate these

)

abilities in the schools. Learning tp read and write is considered to-

be impdrtant as long as the methods employed to teach incbgporates the

+

« ¥

whole braiﬁ:”However, this is not the case, The human bpa&n's capacity,

has been underestimated and is clearly reflected in the present eddca-
R @
tio%gl systems, Thus, Hart (1978) rightly réfers to .schools as "brain-
v © N |

. |
antagonistic”: - . | ,

Vo 4 |

We are obsessed by "logic", usually meaning ...
tight, step-by~step, ordered, sequential effort ...
But the human brain has little'usé for logic of this
kind, It is a computer of ‘incredible power and subtle-
ty, but fir more analdg than digital. It works not by

y  precision but probablllstically by great numbers of
X often rough or even vague approximations (p. 39%),

' @

With advances in brain research moré'specifiqally-in the field of
& il 5

N
LI R . -

split-brain, it is now evident that the himan br;in's potential is much

¥

dﬁore than«just left hemispheric abilities. Tomplex mental tasks ar

* accomplishéd by a coorlinated functioning of both the hemispheres,

Hence, it is time for educators tdé reexamine the present half-brain.

. teaching in the schools, It is essential to shift their focus from'ver-

N -

' bal rationality and attempt to utilize the findings from the neurosci-

énges. The need for change in the educational.system seems necessary

e 4

w
congidering the widening discrepancy between learners' potentials and

. methods qf‘curricuium presentation, Each learner is unique in terms
of his potentials. Teaching, then, in largg part, is the process of
stimulating each learner's potential ané helping him to construct
appropriate mental elaborations of subject matter, concepts and be- -
ha;iour to be iearneg (Wittrock, 1881), Environmertal stimulation,

'

especially education, can have important input in' helpingwthese

L]

ta

¥
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learners develop their potenfials to the fullest, Hence, it becomes

all. the more important to see that all learmers get an equal’ oppor-

%

- tunity to develop and utilize their abilities fully, ’
w/,’ ;

The increasing number of children being classified as "sﬁi

°

learners" has hecome a common feature in the schools, Instead of

looking for external causes for such a widespread calamity, edfcators *

are quick in finding fault§ witg the child, This seems to be the -

eagier solution, THe reason for such a, hasty judgement is a reflec-

tion of left hemispheric domihance which is obsessed with logic and
LY

dilemmas of win/lose and right/wrong., What is the result of such a

2

left hemispheric approach to education? Who is affected? These ques—

[ “

tions are of great concern for society's future, Edch individual -

brain is capable of handling increfitble amounts of information e&ch -
° L)

in its own way. The gener&l éonsensus 1s that there are two ways of
handling information -~ the left hemispheric mode of protessing and

the right hemispheric mogguof ﬁrocessing. This being the case, the
? o -

current trend iq,education-seegz to be ignoring one mode of processing \__
which rep%esents one half of the brain. Therefore, there appears to

be a strong need for examining the features of this neglected partner

-

in thé brain and then attempt to find ways to reinforce its develop-

ment, The discoveries about the specialization of the two hemispheres

P

of the brain seem éo‘offer new ideas for enhanhcing learning in the

schools, Briefly, a comparison of the important features of the two
/

hemispheres is presented by Edwards (1979):

[‘ s
s
F . o.
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Werbal: Using words to Noﬂverbal: Awareness of
name, describe, define, things, but minimal con-

Y \ . nection with words. .,
Analytic: Figyring Synthetic: Putting things %

things out step-by-

step” and part-by~-part. »

r v

. together to form wholes.

Symbolic: Using a sym- '~ Concrete: Relating to
bol to stand for some- things as they are, at the
thing ... the sign + present moment.,
stands for .the process Lo, N
of addition,

. v

- t

Abstract: Taking out a Analogic: " Seeing likeness
small bit of information -, between things; understand-
and usifig it to represéent ing metaphoric relationships,
the whole thing, ’

Temgorai: Keeping track

Nontemporal: Without a
“of time, sequencing one

sense of tinfe, .

thing \after another: . . ' .
Doing\first things first, . ., .
second things second, .etc, % o L4
Ratiomal: Drawing con- Nonrational: Not requiring ) /,;)
clusions based on reason a basis of reagon or factsy - :
and facts, W;ll{pgness to suspend . -

. 3 R P juggemept. ‘ . e s

¢ »

Spatial: Seeing where things
are in relation to other
things, and how parts go
. together to form a whole,

Digital: Usihg numbers
as in counting,

Logical: Drawing con- Teqtuitive: Making maps wf
clusions based on logics, insight’, often based on’in-
one -thing following complete patterms, hunches, , *
another in logical order - ‘feelings, or visual images,
for example, a mathematical
theorem or a well-stated ;
arguments . +

d ¢ 2
Linear: Thinking in Holistic: Seeing whole
terms of linked ideas, things all at once; perceiv-
one thought directly ing the overall patterns and
following another, often » ' structures often leading to
leading to a convergent divergent conclysions (p. 40).
conclusion, ’

e "

‘

LTMoHea U ) R~-Mode ' 4) .



plex mental functions based on split~brain research the preéedt thésls
rs an attempt to synthe51ze these important findings and highlight .

12

their important implications for educatiom, Thls-would certalnly ‘
N ~ .

create an awareness of the importance of split—brdin“findinés ahong R

v .

educators in the present society, This awareness or consciousness of
i N : . .

° »

the functioning of the normal.brain is essential if the present left %
« . q . .
hemisphere~oriented society is to provide equal ledrning opportunitiéé
» .
e .
for all learners4s The existing éducational curriculum is not doing \

justice to all learnersy that is efident in the growing number. of !
children having-problemsl¥n the schools. We have had enough of "test-

¢

ing" which has led to "labelling'" children, What is needed now is to - -

devise ways to promote learning in all children, heeping in mind.the | «

diversities of normal brain functioning, A ‘ . .
5 EY N .

The present thesis‘begins with studies related to ‘the disdoveryw -

Jof the split-brain phenomenon, first in animals and later 'in humans.

Y
%

. |
. The studies on animal split—brains are.tréated separately, The work

on split-brain animals has contributed a great.déal‘in undertéking -

split~brainm operations on’humans, Fin&ings of split-brain studies on

. ' .
« - - N

animals became the starting point for neuroscience researchers to -

probe the split—brain in humans. 'Further, the similarity between the

0

"

two brain structures makes the task of investigating somewhat easier.

The following chapter deals with studies- on éplit—brain humans,

e

The effects of corpus callosum sectlon of™the behaviour of indiv1duals

o

t The findings of these studies 1e%jto s the, discovery

-

becomes appar




@
. 8

The next chapter- takes.intb account the normal Functigaing of the
. A e a N > e

brain under'the"heading "Cd‘ebral Aéymmétry". A numbef of nén-invasé%e

. techniques have’ been developed tQ inves%iaate the functiohs of the two

5

- hEmLspheres that are connecte{ via the corpus callosum in the normal
K &

human brain. Some important diffefencéé bgtweén the two hemispheres
A !, . ~ ., i
4 '),‘are related to task, mode oprroéesi}ng stimuli, sex and handedness. .

. -
< . -

Findings f&om such studies- geem éo provide evidence for the validity

of split-brain findings. In other words, a greater undexsEandipg of -

a ¢ .

the spebific features of the twojhem@spheres in the normal brain s

“

. f . ¢
gained. . . \ N O L .
3 9 o
r

Cta " The ? nd lgst chapﬁe;, "Educational' Implications of. Cerebral »

. e - . ¢
Adymmetry", takes irdto account the findings from preceding chapters-
and dlscusses its impllcatlons for a holistlc approach fo education -

L}

- ‘ in Which each learnet gets the oppo%}unlty to actualize his full ¢

\

i

potentlals. The aim is to create a shift from.half—braln education to

4

b Y

** a balanced whole-brain educatign. In the last chapter, a brief sum=
@ . ; . .

mary of the chapters, together with its importantvimpl}détions for

" eddcation, is predented,. . ' ° .
. r © ?
¥ a v ' Ll

A final cautionary note should be addedjto this introduction, As '

~// the Tahle of Contents clearly suggests, this thesis explorés the bio- 4
\ . - 1
logical basis. for learnipg abllltIES in human beings,' and argues from

the results that one whole side of the brain in normal children is at te

[y Vi \ . *
ﬁrqgentvinsufficiently e#blgited in our schools., From this ;t should‘

[y
.

not *be; inferred that’ the author holds to any kind of biological deter-
minism in educational philosophy, or favours rigid categorization of -

children on a biolog&cal basis, I am well aware of ~the-strength of ob-

\

+ jections against-.such simplistic, sweeping claims.made by social critics .
i

n *
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by making fellow edcators more aware of those potentialities than the§

-have "been”hither
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of .current pedagogy. ‘1f aﬁythgng, my intention 1s to provide means for

. venhafeing c6gnitive'poteﬁﬁi§11ties all normal children already pé;sess,-

o
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" Chapter II o ‘ "

[3

- Split-Brain Studies of Animals

N -
L L3

The spllt—braln phenomenon, which arises as a result of sectlonlng of

a large bundle of nerve fibers called the corpus callosum and other fore—
braln commissures, became a special fleld of interest not only in the

l” »

field of medicihe but also in thé social sciences, philosophy, psychology u
: )

i

and education since the 1950's. .The cbfpdsmcallosup\is the principal con~
' ‘ N - . N Y. ’ e
necting link between the two hemispheres of the brain, The control centers

’
’

_of the btain including the cortical areas are found in matched pairs, right .

. ~ .
and left mirror mates, With respect to the structural and functional ca~

2 »

pacity, the two halves of the mammallan braln appear - to be tW1ns, each

-

,with a complete set of centers “for the control of sensory- and motor act1v1— ,

<

tles of "the body. (Sperry, 1961, 1964), Each hemisphere of the brain is

' - v ot

malnly assoeiated with the functlonlng of the opposmte 31de of the body. -

we

In other words, -the left hemisphere’controls the functigns of.the right-
* r " . . ~

3

side of tbe body and the riéht hemisﬁﬁete controls the functions of the

left side of the body. However,, anatomically, the_two hemispheres are

R 5

linked together via a large bundle of _nerve fibers known as thé corpus

callosum” and hence the two hemlspheres function as a single organ,

In the ,present century between 1900 and 1950 the corpus callosum .

had ‘acquired a notable reputation for being_the.largest and most useless

n

amohg all the brain structures (Sperry, 1962), Sﬁerty (1962) reminds us
about some oé the comments made with respeot to the fuhction of the cor-
pus callosum, ,Aboot 1940 Warren MeColloch;rematked that the'onlx'observ—u
ed function of thisistructure appears. to be that of helping"in”the trené;

mission of epileptic attacks from one to the other side.of the body.

Again, even aftér 10 yeats,or so; Lashley believed that the main function



of the corpus callosum was more of a mechadical one, that is, to keep the . N

two hemispheres from sagging. . ~
~ ¥

o

s The situation, however, .chdriged considerably withs the rise of the mod- ’
" » . < .
. s .
ern era of study of callosal function which began with the development of
« N % ’/ » '
tests to measure behaviour in’ the split-brain gnimal. Bremer (1956) char-— :

-

4t

-

acterized thé new role of the corpus callosum: "It is ndéw obvious that the
P .

functioning of the corpus callosum is associated with the highest and most
elaborative activities of the brain," 1In fact, it was the findings obtain-

ed through animal split-brains that shed some light on the f&nctiogs of

°

the co¥pus callosum. Earlier, a complete surgical section of the callosum .
- * p» o
for medical reasons in human patients, had failed to produce any noticegple

change in the patients' behaviours., More specifically, practic and graphic

employment of-both sides of the body was found to be well preseréed. Even

1 ‘ A}

in cases of pure agenesis of the callosum, bodily functiong seemed to be

normal. The animal studies from the beginning confirmed the earlier clin-
. .
ical observations in few humans that cdmplete section of the.callosum pro-

“
’ N ‘

duces no observable disturbance of ordinary behaviour. Callosum-sectioned :

cats and monkeys wéte indistinguishable from their normal mates” under most ~ ’

- a . -

testing and training ‘conditions. The animals seemed to remain alert and .
R < s * ;. . 4 >

. .

curious and maintained fair tb good muscidlar coordination, They ‘were able

To. .

‘ ° . .
to perceive, learn, and remember as much as normal animals do. Hence, -all

-

these findings led to a further mystery regarding the functions, of this

3
'

structure of the brain. . .o

. *
v P ) [y

- The first convincing demonstration of the important function of the =~ ~

~ ~ N :

corpus callosum came from the experiﬁents¢bf Myers (1955, 1956) and ﬂyers

Il

and Sperr& (1953). All these expériments were conducted to inveétigate .

- «

the role of the corpﬁgvcallosum in interocular transfer in the cat. The

N - -
s
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*

»

° -

’ ., -
concept of interocular tranmsfer implies that the two hemispheres of the .

0 8 -
brain work in an integrated manner. The lication is.that &ny Eagk

learned is accessible -to both the hemigpherey through the great cerebral “

‘commissure or the corpus callosum, To tegt' the phenomeron of interocular

. <+ -
transfer required the development of specigl surgical techniqueq? train-

¥

| T ~ \
ing and testing procedures, . e q}° .
e .
It is a well é@tablished fact that there is a bilateral proJection o -
. L * *

of the afferent fibers in mammals, Hence, in order to study interaction

between the two sides of the braim, the crossed optic’ fibers are destroy-*

ed by a midline section of the optic chiasma. 'In the absence of the cros-—
. -
sed fibers, the patterns of stimulation from each eye are transmitted en-
. 4
tirely to tlyle ipsilateral brain-halves by the remaining uncrossed fibers.

3 v

Once ‘the surgical procedure‘tas completed, the cats were trained for form - .

d v
v

discrimination tasks (e.g. circle versus square) with a mask covering one
eye. After overtraining, the mask was moved to the trained eye and 5°
then performance with the untrained eye was tested. Results !ﬁgicated a
Qositive transfer, Sperry 61958)‘and Downer (1958) have réported that
either »the callosum or the chi;sm section aglone was unabie to disrupt in-
terocular transfer of learned visual discrimination in monkeys, Howevﬁ;,
in cases where both the optic chiasma and tﬂe callgsum was sectioned, cats b
and monkeys were unable to perform visual pattern discriminations with the
;ntrainEd eye, Aéain if the corpus callosu; was cisé after’traini;g,with .
oné eye had been completed, learning Aid transfer and the cat was able to
;erform the task wit@ the untrained eye ﬁigglly well, * If, after trainihg ~
wﬁth the callosum intact, the cortex on the trained side was ablated,
transfer still oacug;ed to the second éye (Myers and Sperry, 1958). 1In a
nutshell, the callosum was found to be instrumental in la&ing down a i

®

|

S )



; s S ., - N
N

, ?

N - » .

=duplicqte image of the leaPyt task in the contralateral hemisphefe.'
‘ 3

. Furthermore, "séctioning the corpus callosum and studying separate-

3 . .
.
5

A

ly the functioning of the two halves of the Brain has contﬁibuted a great

deal in the iunderstanding of mental functiong., As Sperry (1961) has °

rightly said: - ! ! ‘
. \ . .

One obvious advantage of the split-brain’preparation >
lies in the factor of built-in contrqls within the .
sparé hemisphere, controls for all sorks of experi- - ° .

ments ranging from short-term studies qn innage or- .
ganization to studies on thé long-term effects of

early experience on adult behavior, "These controls

are not only of the homozygous, ideirtieal-twin type

. but are equated also for hilmost all experientially
A derived organization implanted up to thg¢ time of A
splitting (p. 1753).

- v - .
3

s

Soon a functional independence ©f the two hemispheres was observed in
" A

a

tgg split-brain an%mdl: Spegry et al. (1956) attempted to compéré the .
monoégiaf learning of a series of visual discriminations with the relearn-
ing of the same discriminations through{the other untrained eye in six

cats who 'had their chiasm and callosum both severed, The purpose of the

b »

P ' -

experiment was to determine whether learning with the second eye would be *
L] . “

facilitated by the original-learning with the first eye., Results indicat~

ed no significant saving in the relearning scores with the exception of
4 - ¢

one case in which savings occurred but this was found to be as a result

of incompleté section of- the obtic chiasm, 1In atl other cases, the dis-~

erimination tasks were relearned with the opposite untrained eye at rates -
similar to the priginal learning with the first eye. Hence, it was con- |,
clyded that visual learning and memory occurred independently in the left
and the right hemisphere. ' . )

In apother expégbment on cats involving a pedal-pressing apparétus,

i |
Stamm and Sperry (1957) provide fdgiker evidence regarding functional in-

R .
dependence of the separated hemispheres, The experiment was conducted
N
: - d

- . Q.
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¥ * e [
with respéct to somesthetic learning and memory involving touch and pres—
<+ N

sure discriminations on the surface of the forepaw. There were two

'3

groups of cats, one wiiP intact callosum and the other with the sectioned
" ;

callosum,”. Results demonstrated a transfer of not only discriminations

L3 ?

" but also of simple motor patterns acquired in learning to operate the

4 \

pedal#bsmoothly to the second paw in normal cats. However, no transfer

was obServed in' the callosum-sectioned cats, Also, a statistical compar-~

¢
* © 2

ison of the learning curves for®the first and second paws showed a com-~
plete absence of transfer of learning from one to the other cerebral

. &~ El .
hemisphere, Learning an entirely different response with the second pa

: : :
*occurred as easily as rélearning the original response. Paired learning
. N \,__4

curves are given for one of the four animals studied along with the state-

- ¢

ment that the learning curvé for one cerebral hemisphere is markedly sim-

ilar to the relearning curve for the other hemisbhere. Thus Stamm and

b3

Sperry (1957) comment: .

The reléarning curves (for corpus callosum sectioned
‘cats) then followed the course of the eurves for the ",
first paw. .The marked agreement between the two ) '
curves of each-task was evident in the majority of -~
discriminations of the other three cats (p. 140),

While reviewing the literature on intérhemispheric transfer‘}ﬁ’3plit1

brains, one does come across azfew cases in which a high-level of trans-

) -

v

fer effect has been noted, Sperry (1958) reports a case of high degree

of intermanual transfer of semesthetiec discriminations in a chiasm~section-
ed and callosum-sectioned monkey, Earlier, Smith (1952) had noted indica-

tions of intermanual transfer involving a stylus-maze task in callosum-

R .
?sectioned humans, Due to these scattered conflicting results, Glickstein

a

and Sperry ‘(1960) attempted to gain further clarification regardiné inter~

)

manual transfer following section of the corpus callosum. Results of the

~



majority of tests were in line with those obtained byRStamm and Sperry *

(1957) . Callosum~section was successful in blocking transfer of the
task learned from one hand to the other hand, ‘However, a good deal of

transfer was observed in a-small minority of tests, «In situations where

o

" training of the second hand was the oppésite of that with the first hand,
. Al
good traflsfer of the reversed training back to the first hand was observ-

-+ ed among the controls, but was consistently abgsent threughout the.experi-

“ [

mental group, The general tesﬁiﬁg procedure of reacﬁing out and feeling

the two test objects before selecting one tifansferred consistently in the

' . -

.split-brain group, whereas the specific pattern of finger movements used
2% - . &
in testing failed to transfer.

« -

2 4
Despite the fact that results were varied, it was emphasized that
*

°

the evidence of intermanual transfer is nof in itself any contradiction
4 -
of the mgre general conclusion\that section of' the ‘callosum and anterior
~ - 3 .
commissuﬁe effectively divides the learning and memory processes of the’

e
.

two hemispheres, Even where somesthetic discrimination transfers, the

learniﬁg pgdcésg of each hemisphere presumably proceeds independently in

. y
the absence of the neocortical commissures, ' .

©

It was noted that after the corpus callosum was sectioned, each of

-

the disconnected hemispheres developed its own private chain of learning

3

* 1
and memory experiences that have no connection whatsoever with the oppo-
site hemisphere, Also, mnot only did learning remain lateralized to the
hemisphere receiving the critical sensory stl%Platlon, but the two hemi~

spheres could be trained simultdneously to perform diametrically opposed

tasks (Myers, 1962), The learning of diametrically opposed discrimina~

3
tions have been performed concurrently by switching from eye to eye every

few trials during the training period by the split-brain animals, Results

‘ k3
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» <

have indicated no sign of inle‘llrence between the two processes of learn-
¥ ~ ;

ing (Sperry, 1958, 1961), .These findings hive been confirmed in monKeys

!

as well with regard to visual learning and memory. Soon after the confir-

2 -

Y . ‘
mation of sthe splitjbrain monkeys', ability to learn contradictory discrim—

inations concurrently with the two hemispheres, the question arose as to

~

whether concurrent learning of reverse tasks could proceed simultaneously.
Thus, to investigate this question, Trevarthen (1960, 1962) conducted ex-

periments on split-brain monkeys with the aid of a specially designed ap-
-~

paratus with-an optical system of Aight~polarizing filters through which

3

disconnec;eﬁ hemispheres could be made to perceive two different objects

4

occupying.the samé ‘posjition in space concurreﬂfly (Fig. 2,1). Under such
conditions where one or the ot4%3~?f twd stimulus panels is selectively
activated in a serles of trial-and-error responges, one hemisphere per-

celves itself, to be receiving rewards for selecting, for example, circles

i v

and avoilding crosses and the other at the same time with the same re-

sponses finds itself being rewarded conversely for avoiding circles*!‘d °

»

, v % o [y
gelecting crosses. In this type of situation, the animal works with-one
4 o .

particular hand, and the hemisphere controlling it tends to learn more

- >

rapidly as compared to the other passive one,. Learning was considered

to be complete when aqreliable criterion of learning set by the experi-
ménéer had been attained. Then the performance of each eye was tested
separately; In addition, cerebral dominaﬁce.can be shifted by compel~
ling the animal to use the untrained.hand after learning has taken place,-
and' by limiting vision to the more passive hemisphere. Thus, the over=
all results indicated that/the animal could learq\with the second hemi-

sphere the opposite of what was being learned with the first pemisphere

at the same time without any interference, Further eviden%F of lack,

<

.
¥ Y

/ o
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' h s
s 0of cross communication between the two separated hemisphergs was
: *

v
.

Al : N - ot e
noted in the Jigbility of ‘the split-brain animal to integrate semsory inj :
* t

formation projected simultaneously partly to ome and partly to the other
[ «

hemisphere -(Sperry and Green, 1964), : .

s
A3

+ An important characteristic of the spiit-bfains is. their bilateral

predomina?ce, each with its full complehent of control centers over the

* -

brain stem and spinal cord and, hence, each :is capable to a large,degree

of, taking over and governing the total behaviour of the bedy (Sperry,

1961). It has been observed that with one hemisphere damaged, the cat,

»
x

monkey and even man seems to, get along quite well and most of the central

nervous functions are maintained, In the case of the‘split—brain with .
both hemispheres present, even though one hemiéphere is strongly dominant s

o ! [

or in tatal control of the higher functions, the other continues to con-

" tribute much to genmeralized background functions (Sperry, 1961). As.long

. as there is unity in the lower centers of the brain, there is no interfer-

-

ence in the simultaneous use oft the twb sépanated hemigpheres, Further )

N v

. the split-brain preparation setves as an ideal approach for studying the
functions of each hemispﬂere because the two separated hemispheres of

the same animal can be compared directly on the ability to learn and per-,
form the same tasks withdut the complicating effécts of unifateral lesioms. -

Another-advantage of the split-brain technique is that it is possible

w -

to functionally compare a unilateral lesion with a syﬁmetrical bilateral

3

ablation (with regard to visual stimulation) when the eye homolateral ito :

the lesion is kept open and the opposite eye sutured shut, thﬁ the eye
N ) .
contralateral to the lesion is open and the homolateral eye shut, the ani-

1 ~

- mal's behaviour with respect to visual stimuli is like the one in its” pre-

operative state, Therefore, this éuggests that it can be possible in

‘4 ° ~

° ~

we
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—t effect to remove brain tissue and replace it by opening and closing the

»

appropriate eye (Downer, 1961), . . ‘ ’

While investigating iﬁtg;—hemispheric transfer of visual digcriming—

N -

tion tasks in monkeys, Downer (1961) noted that transfer of monocularly

k3 -

learmed visual discrimination tasks did not oceur in three animals with .
'. ¥ v T ’

mid-sagittal division of optic chiasm, corpus callosum, anterior commis-

.

< w

sure and that part of -the hippocampal commissure lying subjacent to

L

- the corpus callosum. IHowever, transfer was evident in a fourth animal

’

. . in which the anterior commissure was not sectioned while ail others were

, sectioned, Findings were significant in the sense that the role of tem-
R ! N ) ) ) i '
poral peles in the transfer of visual gnostic behaviour became evident.

The,anterior.éommissure is the major connecting link between the temporal -

u ¢ N "

poles, Hence, in order to investigate the role of temﬁoral lobes, Dowmer

2>

.(1962) conducted a dramatic experiment in which he combine& a split-brain

" —

Eechnique with a unilateral temporal lobectémy in a monkey that had pre-
<
viously completed a visual discrim{haqion“training sequence, following mid-

sagittal divigion of the optic chigsma, corpus callosum, and part of the

hippocampal commissure. After the recovery petiod, the eye prpjecting to

3

® »15 !
the side of the temporal pole lesion was left open,‘and the déposg;g eye~

4 I3

1id was sutured shut, A remarkable change: in the animal's behaviour was

v

. noted, The animal was unable to differentiate between edible and non-
. B )
i . ﬂedibre objects merely by visual cues ang.spent some time sniffing and bit-
ing before actually eating or rejectingotbem. Changes i£ emotional be-
haviour were noted too. The animal exhibited the normal wild and aggres-—
sive behaviour at the sight of hugans before the temporal pole removél.

However, following the temporal pole removal, the animal showed no aggres-

-
-~ . sive behaviour but rather bECamgscalm and quiet, _Again, when the eye

“ i
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. ! 14
.projecting to the side of the temporal pole removal was closed and 'the
otherg§ye opened, an abrupt change In behaviour resulted, The animal

was back to fts preoperative state of aggressive behaviour. These find-

. ings demonstrated the intimate refationship between the primary visual
A

_system and the temporal l?be of the same hemisphere, especially .the

>

ral

®ubjacent amygdala. T

Results of an experimenf on monkeys by Ettlinger {1959) are gimilar

o @ v

to the above.' He found that animals that ha§ both their tract and tem- .

poral lesions on the same side were consistently superior in their visual
S ) \
learning task as compared to other animals that were forced to use-.a

transcallosal system. Hence, Mishkin (1952) concludes that tHe intercon~

P

nections of visual mechanisms within{a hemlsphere are more important and
[}

efficient as compared tq connections between the two hemispheregg
s . . 2
Results of studies on split-brain céts and monkeys on visuomotor co-
ordination are manx and va{ied. Contralatefal motor pfojections or decus-
‘sation'is 3 well-knpwn neurophysiological fact,'cokroborated by a great
deal of anatomical evidence. Néverthg}efs, there are ipsilatqrhi projec-

tions as well (Voneida, 1963), The primary visual area is igolated from

the primary motor .area when cerebral commigsures and optic chiasm have

1

been sectioned in monkeys. Obviously the question arises: How does visuo-

motor coordination take place in the split-brain animal? Some fimdings

on split-brain monkeys and cats indicate little or no coordinationﬁ; de~

El

fieits (Bossom and Hamilton, 1963; Myers and Sperry, 1962; Schrier and
Sperry, 1959). On the other hand, somé other studies point towards seri-

ous impairments of visual-motor coordination (Downer, 1959; Gazzaniga,

1963, 1964).. ‘

Bl

The %irst published studies were by Downer (1959) who reported seri-

o ¥ o

ous deficits in ipsilateral eye-hand coordination caused by midline

v

Ty

&4
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section of the corpus callosum, anterior commissure and optic chiasm

-
.

in monkeys. Vision limited to one eye was poor at directing and control-

4 . .
ling the ipsilateral arm and always produced limb preferences for the

contralateral arm, Impairments were so severe that all monkeys neglected

almost completely the homolateral arm. Even when forced to.use the ipsi-

% i

lateral arm, few, if any, responses were emitted. Sometimes groping

movements occurred but without any 'visual directiod,
A .

- The expected, preférende for the forelimb -controlled from the hemi~

0 [y -~

) >
sphere that receives the visual input becomes evident under specially de-
Ll

signed testing conditions, such as those cobtainable through the training
apparatus designed by Trevarthen (1960)., He provides clear—cut differ--

ences iw the learning curvés obtained in pairing the ipsilateral %pd
contra{ateral forelimbs with‘a particular eye that poknts out ba§ic dif-
ferences in the neural mechanisms for the two combinations. With regard
to the. ipsilateral forelimb, the reaction time becomes lengthened and
learning slowed down and erratic iq Séture. The Eendency for split-brain
monkeys to prefer the contralateral arm has been noted (Trevarthen, l§6i5
though not as invariabiy as that reported by Downer (1959).

On the contrary, échrier and Sperry (1959) noted that visual input
into one hemisphere directed,either, the homolateral or the contralateral
paw with éhual facility. They concluded that either direct control by
the homolateral motor fibers or a subcortical integrating center was in- )
volved. Similarly, Bossom and Hamilton (1963) conducted an experiment
to determine whether a change in direction of reaching produced by adaéta—
tion to ; prism covering one eye would transfer to an unexposed contra-

¥

lateral eye, The optic chiasm, corpus callosum, anterior, posterior, -

[

hippoqi::al, and habenular commissures were severed in all the animals.
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They observed no homolateral impairment or contralateral arm preference

®

M L3

in the split<brain monkey. .On an analysis of the results, Bossem and

" Hamilton (1963) Eoncludég .,

.

. Interocular transfer of the prism adaptation demon-~
- . ' strates interhemispheric communication, and without
the possibility of new pathways being forced into . - .
use by lesions in visual or motor cortex. The more
T ‘ extensive midline surgery ... further restricts the .
' - localization of ithe paths or centers involved in
visuomotor coordination., Further research is heces-.
- sary to determine how the cortical motor areas in-
, ; volved participate in the acquisition and the maif-
tenance of visuomotor coordination (p. 774). -

[ .

Henge the question remains: How does one disconnected hemisphere

direct and control.the ipsiggteral arm? In order. to gain some insight
. .

.
Tr

. - into the phenomenon of visusmotor .integration in split-brain monkeys,

n

Gaizaniga (1966) made an attempt to determine the neural mechanisms
underlying ipsilateral eye-hand coordination, Massive cortical lesions
involving the removal of almost the whole frontal lobe and some of the

r 2

parietal cortex was performed in four’ split—braiﬁ monkeys., When these

animals were tested for visual discrimination tasks they were-able to

perform the tasks using the lesioned hemisphe;e and the homolateral

1imb, Further résults pointed out that the responding arm was not in
‘ any way directly controlled %y visual processes of the h?molateral‘ “
hemisphere, Analysis of the daéa indicateg that integrity of the con~ .
tralateral motor cortex was essential for good homolaterai eye-hand , . -
movements &ﬁe to the fact that the pﬁlesioned intact hemisphere could
not posgiély controi the paralyzed homolateral limb, Also,“since the
lesioned hemisphere could hardlylprocess any information, if any, from

the homolateral arm, it became very difficult to imagine how the lesion-

ed hemisphére alone could direct and control the-homolateral arm. All
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these observations lead to the conclusion that the mechanisms of’ipsi~

"

‘lateral eye-hand movement is determined “somehow by the main sensoiy-

motor mechanisms of the contralateral hemisphere.

' [ i

" On an cxamination of the anatomy of the cerebral hemisphere, it e

‘ - -
-

. becomes evident that these can also exchange information in the reti-
. 1

1

cular formations of the upper and lower brain stem, In Gazzaniga's-

(1970) words; "... there are several pathways thrbugh which an ipsi-

lateral visual-motpr response could be mediated.," Hence; in order to

v -
0 - 4

test this notioﬁ, he carried out a deep midline»shrge;y extended down

-

to include the medulla in the monkey.. Whén tested, the animals were

" ) . e -
able to perform visuo-motor tasks,with ipsilateral eye-hand combina-

¥

tions; In fact, their responses becane fat better ‘in the second to

fourth months after surgery than in the first, Though slight errors

1
{

were of?en made in reaching, such as‘ﬁissing the viéual target by an
inch or so, their r;sponsés were always in the right direction, (
The possible technique employed by the spl%t—brain animal <4n nak-
.ing ipsilateral eye~hand responses has been called by Gazzaniga (1970)
‘the "c¥oss—cuing mechanisﬁ". The general idea bghind this is that hemi-
sphere A can set up hémib?here.B to ;ﬁggond cor?ectly through a number
of ways., ,Howeyér, each Way:requireg hemisphere ? to‘act in response
to a cue made available to it inm the peripherﬁl apparatus by bemisphere
A.- The cfosspygr bf-information heré'does not take place wvia .the cen-
. tral neural channels. Instead, it éransfer&; by one hemig‘phére taking
note of cues médg avéilgble to it by the overt bodily-systemic changes
executed by the other hemisphere, This notion of "cross~cuing" mecha-
nism was based on a series of observations of several spiit—brain moﬁ—

1

keys in a slow motion film, These animals with varying lesions and

N
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midline disconnections.were filmed while retrieving food morsels present~

ed to them. In general, one eye was covered with an opaque contact lens-
- F /
and the ipsilateral hand was restrained. With this arrangement, the

“«

animal was set free to use one hand only and to see only through the
8 N ‘ t

ipsilateral eye,’ Gross observation in this kind.of task did not reveal .

any possible strategy that might have been used in making successful ipsi-

lateral eye-hand responses, * e

¥

It was only through observations in a slow-motion film that the
mechanism of csoss—euing was discovered., When a food morsel was held
out in a particular part of the visual field, the monkey would scan o

the visual' field until the object came into fqcus, Then it would fixate

S . ) .
~ . "‘ . . .

the object, orienting it with eye, head, and neck mevements, all in a’

line, Once this was achieved, the animal would reach out with ‘the homo-

~

; .
lateral arm to the relevant point in the space. In fact, it was noteds

that while reaching, several monkeys closed their eyes., Thus, GaZzaniga

(1970) comments; . ¢ -
The seeing hemisphere takes note of the point in
space to be obtained, fixates on®the point, there-

« by allowing the nonseeing hemisphere's ability to ’

read off eye, head, and neck position by means of
nonvisual proprioceptive systems, With this infor- -
mation input held at a constant level, the blind .
hemisphere can either itself decide to reach to
the point in space, usigd the readily controllable
contralateral arm; or #he seeing hemisphere, by

.

that emphasis was being shifted from the cor

I

Thus, it can be see
pus callosum to the ext callogal pathways in investigations of inter~
ocular transfer, Meikle and Sechzer (1960) observed that split-brain
cats with mid-sagittal section of the optic chiasm’and corpdé callosum

.

L) A
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were able to “transfer interocularly simple brightness disctimination'

-

tasks, Results strongly suggesﬁed that qp-eﬁtrac&liosal‘pathﬁay is. |

o b N I

respdnsible for communicatibn bétween the two hemispheres in brightness -

~

discrimination tasks. However, the same cats failed to transfer

pat-

»
4

tern discrimination ;asks. Thus, in an attempt to determine,wﬁether
N » .« o= . - ' 4

there are extracallosal pathways that could mediate imterocular trans—

- fer of pattern discrimination, Sechzer (1964) conducted. an‘experiment.

on split-brain cats with section of the chiasm and the corpus callésum

using two kinds of motivational approach. Considering the fact that.

all earlier studies had utilized food-approach motivation, he decided -

to include in his experiment another motivational approach pamely,

¥ . "

shock-avoidance motivation, Each cat learned.a pattern diserihination

P

uinder both food-approach and shock-avoidance motivation., The same‘split-‘

brain cats that failed to transfer a learned pattern discrimination from

one eye to the other under food-approach motivation were tested .under

[y

'shock-avoidance:condifioh.r Reéqlts indicates significant’ interocular :

. N .
. .

transfer of pattern discrimination under shock~avoidance conditiod,: .

.
o
oy

" Hence, it appears interocular transfer of pattern discriminat;on is great-

ly influenced by the method of fraining procedure employed. -

High level "of interocular transfer of pattern discrimination under

By

“
shock-avoidance motivation illustrated that bilateral interaction of a

complex visual function can occur even after both the corpus callosum
and the optic chiasm have been sectiomed. Thus, it is evident that
transfer in the above case is mediated by an extracallosal; subcortical

. S
pathway which is activated by shock-avoidance and not by food-approach

motivation, Although these findings indicate that an extracallosal com-

miﬁsure is responsible for connecting the two cerebral hemispheres, no

.



4

:- * _32__ _J
. \ . . - R IS H

speéific anatomical pathway has been determined (Sechzer, '1964)., How-

-y ever, earliefytheie'hed'been gome indication that probably a mhltieynap~”

.
B 3

‘tic, subcortical system is involved in interhemispheric communication

. after section of the corpus callosum (Rutledge and* Kennedy, 1960), They

conducted experimernts on cats in.which one hemlsphere was stlmulated

“.and electrical response of the opposite hemisphere was recorded. Inter-

hemispherit communication was noted, Based on’his observations, Sechzer

(1964) conclpdes:

.., the confluence of pain and visual pathways known "L
& to ~occur in the snperiom colliculi and adjacent teg-

mentum may be essential to the jpterocular transfer

of pattern discrimination in split-brain cats, train- = s

ed under shock-avoidagce motivation (p. 83).

From the above it is apparent that there -are a number of neural path~*

ways 1nvolved in the 1nterocular tpansfer of pattern discrimination,

N Es

There is an extracallosal, subcertical pathway involved in the process of
interactibn‘between the two hemispheres. However, the exact location of
such a pathway is yet to be determined,

I
Seehzer (1970) has provided further 1nsight into, the phenomenon of

) interhemispherid transfer in’split—brain cats. He .noted ‘that split-brain

cats trained with one hemisphere at a time needéd more than wice as-many
a4 .
trlaleto reach criterion as compared ‘to normal or commissuroto zed cats

" tested wiirﬁgbth disconnected hemispheres participating. On an*analjsis

of the findings, it was concluded that learning time is normal when ifter=-.

oy, \

\
hemispheric transfer succeeds and on the contrary, leafﬁing time is length-

m

ened when interhemié?heric transfer fails to occur.
‘In order to test the generality of the split-brain phenomenon,
Teitelbaum (1971) conducted an experiment on rats using a different sense

modality, The corpus callosum, hippocampal commissure and anterior com-

missure were gevered in the rat and olfactory input was lateralized by

4

v
- v
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v

blocking one nostril at a time, Despite the fact that the study was suc—

u

cessful in producing a deficit in interhemispheiic transfer in the rat,
it could not be determined whether the anterior commisSure was solely
responsible for such a deficit in transfer, This was due to unavoidable

partidl damage to the corpus callosum in all cases, However, results

s -

were fruitful in the sense that it becameﬁevident that odor can be used

as a stimulus in studies of interhemispheric transfer, Also,, the labora-

-

tbry rat proved to be an ideal subject for the investigation of split+

brain phenomena. Furtﬂ%rmore,‘resulﬁs indicated an independent funcrion~

ing of the two hemispheres when tested with olfactory stimuli in the

)

split=brain situation.
RS “ Y ,&' L)
A number of experimental findings in the split-brain literature have

demonstrated that although learning and memory may proceed independently .
o . ) X

when the corpus callosum has been sectioned, they do not do so normaliy

in each hemisphere. When interactioq and cooperation cannot occur bef

tween the two hemispheres, learning is markedly prolonged and retention

Teitelbauh, 197i).- . T,
It is abundantly clear that tﬁe corpus callosum plays a major role
in the prbcessesvof.learning and memory,, It serves as a link tﬁ}ough
‘ .
which stored memory traces are accessible to each of the hemispheres, Al-
so, it controls the formation of memory traces in such a manner that they
are im?rinted in only one hemlsphere inspedd of in both, This mgthanism
of duali?y aids in doubling the mnemonic storage capacity of the brain. |

- ¥
It has been found that the existen!% of an intact corpus callogum in the

monkey during learning does not necessarily result in the lh?&ng down of -

[y

-

“ *

.

4

R

i

A2

o



'

(4

- 34 =

.

.. -

a double set of memory traces in the two hemispheres. . _Gazzaniga (1963)

conducted an experiment on three pigtail momkeys to determine the ef-

v

. fects of commissurotomy on a preoperatively %earned visual discrimina-

tion.task, These animals were trained and tesqed in an apparatus that
1

aliowed the experiments to control eye and hand use. A}so, it produced

a minimum restriction of %he visual field and hand movement or both,
Preoperative training permitted free use of both eyes wiﬁh eqpalized'use

of right and left hands by forced alternation-evefy twenty or forty I
trials, The stimuli were equated for b;ighpness and were shifted from .
right to left on a pseudo-random bésis. After the an;méls had ‘learned '
the discriminatior task and were performing at high level with each of

the four eye-hand comﬂinations, a completemsection of the corpus cal-

losum, anterior commiséure ahgfmidiine section of the optic‘chiaém was

performed. Then these animals were tested on the preoperatively learn- o

ed discrimination tasks, On the basls of their perforéance it became

evident that the cortical engrams are localizedapredominantly or entire-
'

ly in one hemisphere, When,needed‘by the other hemigphere, the stored

information is transfefred via the corpus caliosum.

Experiments with amydgalectomized macaques—have demonstrated that
éhey are unable to recognize danger visually, The normal monkeys exﬁib—
it a fleeing respénse at the slightest approach of man whereas the amyd-
ga}ectomized subjects tend to appraoch the outstretched human hand just
~ N
to sniff at'it;u This is a permanent condition and therefore it has been

1
concluded thaEAthé aﬁ}gdala has aﬁ essential role in the monkey's visual N
recognition of.fearf&i objects (Doty et al., 1973; Doty, 1975), Earlier,
Downer (1961) found that the amygdala in one hemisphere could communicate

through the corpus callosum with the visual system in the other hemisphere

-

[

/

AR
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to arouse feari, In order to gain more clarity on the subject, Doty et
al, (1973) conducted an ex;eriment with the splenium ensnared in mon-
keys. On one sidEJ;he optic tract was cut, leaving that hemisphere
blind, and the amygdala was removed on the contralateral visual side,
thus making it incapable of motivational interpretations of visual in-
puts, As long as the splenium was left intact these monkeys exhibited

a fleeing response at human approach. But the moment the splenium was

#

transected b%,ﬂﬁfling the snare, the fleeing response disappeared.-

It thus-becomes evident that the visdél cortex of one hemisphere,
which is capable of seeing but lackg the am}gda}a for interpreting the
imﬁbrtance of the stimulation, could gomehow communicaté with the contra-
lateral amygdala on the blind side via the splenium, This obviously im~
plies that the splenium is responsible for unifying the conscious experi-
ence of the monkey, However, when it comes to determining the nature

and direction of intercommunications between visual and motivational sys-
-

tems, little is firmly known., As Doty, Sr, and Overman, Jr. (1977) com~
. > ) ‘
ment: ¢ :

1

A priori, it would seem reasonable that the visual
system should encode and abstract patterns from the
input and transmit them continually across the
splenium into the contralateral temporal lobe,

How the amygdala "recognizes" a pattern as signifi-
cant, or instructs the visual system to do so, goes
directly to the heart of one of the most difficult
and important problems of neurophysiology (p.81).

In addition, it was noted that in monkeys with sectioned optic /
chiasm, the hemisphere which initially learned a maze with five choice
points-had no advantage over the contralateral hemisphere as long as

the splenium was intact, However, when the snare was pulled, thus com—

pleting the separation of the forebrain commissures, the originally



1

v ?'
}

trained hemisphere was fully capable of guiding the monkey through the
L

el »
maze, But the less trained hemisphere showed considerable confusion for

N
‘

one or more traverses of the maze. ?

t

a

Also, a comparison of the mmemonic role-of spleniuT versus anterior

“ -

commissure was made, on the basis of their findings, Doty et al, (1973)

t t

concludad: . . : : ///f .
i " r\ //}

Thus, the splenial s§9t€£>upon excitation of one hemi~
sphere merely "reads out" thé engram, which has remain-

ed in the "“trained" hemisphere and has not been trans— )
ferred into the."untrained" hemisphere; whereas the

anterior commissure is abld to induce the formation of

an engam ih the "untraiﬁed" hemisphere .., achieve~

ment, of unilateral engrams‘with bihemispheric, trans- *
callosal access to them effectively doubles ghe mnemonic
storage capacity of the brain. (p. 26) .

®
w “' » ¥ ¥ .
* From the above it becomes clear that'uf#lateral storage of memory

'4«

has been emphasized, The anterior commissur and the gplenium of the cor—

pus callosum have different roles t&d;ZW in the phenomenon of inter—

.hemispferic transfer. The experiments of Doty and hls'co—workers involy-

! - » , .
ed a two-stage commissurotomy techniq&e im which one of the #we could be

! IANS
-sectioned and the other ensnared for instant sectioning after the animal

had learned a response to direct J&ilateral stimulation of the striate

"

cortex, With either commissure intact during the uﬁilaperal training

.

the monkeys were able to perform the response to initial 'stimulation of“
the untrained side. Thus, either commissure alone could subsgrve'interu
hémispheric transfer. However, after the second stage of commissurotomy
had been completed, the animals’ response varied in accordance with the
commissure which had been intact during training, If the anterior com-

’Eiésq;e had remained intact, then the animal continuefl to respond to

N ‘

,stimulation from either side, On the contraty, with the splenium intact

T

thé monkey responded only to the trained side, Hence, Doty concluded

® e .

3
¢

-

by
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‘that the anterior commissure is responsible for establishing a memory

for learning in both hemispheres - a bilateral engram, whereas the

-

splenium affects$ interhemispheri¢ transfer by establishing a unilateral

- M ’
memory trace (homolateral to the sjde of stimulation) and making it ac-
]
cessible to the other side, Thus, with complete sectioning, communica-

tion is lost. . .

In a nutshéll, regarding the anté!“or commissure, the results demon-

strate bilaterality and therefore are in agreement with the results ob-
R

‘tained by other investigators (Butler, 1968; Ebner and Myers, 19623

4

Hamilton, 1977; Myers, 1961) using natural visual stimuli, But when it

comes to the role of splenium, it is in contradiction with the bilétgral—

* t 4
N v \

ity effect for it does not allow memory formation in the untrained hemi-

- .

sphere, , Hamilton (1977) concluded, béged on his observations of monkeys,

that normal as well as split-brain monkeys store, memeries bilaterally,
r
The cerebral commissures help in establishing a duplicate memory in the

untrained hemisphere: Results of'Q§Periments conducted by Hamiltoﬁ
(19773 lend. support to the hypothesis that with lateralized input bila-
teral memories are formed whenveither or both the anterior commissure
and the splenium are intact during the training session, *1t was also
noted that memory traces ‘are stronger in the trained hemisphere as com~ )
pared to thepuntrained one. Butler (1968) noted good duplicate memory*
tracesbin the untrained h@m%gpherq in monkeys trained afte; transectibns
of the optic cﬂiasm gnd the anterior commissure and test;d'with their

brains split. Similarly, Ebner and Myers (1962) found bilateral'memory

trgbes‘for tactile discriminations Erained through one hanq.

The contradictory findings inm the liaterature do require further

invesfigations taking into agcount factors such 4s the amount of

. -

v
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s
(3

overtraining in the learning task am the -tife lapse between the transec— : ~;
- 4 -

tidn of the commissural pathways and jestin
some role in establishiné'memoriés is t emﬁﬂphe;es. At this stage —
it is difficult to”esiimate'their inpdE in 1earnihg and memory,

On the basis of.an overall review of the experiments:on split-brain -

13 . .

!

f

animals it can be safely concluded that ‘these studies have définiteli

1

provided a sound basis for investigating mental functions In humaQS,

. .

Not only that, animal split-brains would continue t¢ serve as a founda- .

e
.

tion for the distcovery of the secrets 'of 'the human brain. . Due fo the

similarities in the structure between the mammalian brains the neuro-

scientists have the advantage of variability in experiﬁentation. The ~ .:*

-

complex and intricate structure of the human brain imposes deflnite‘

limits in terms of surgical procedures‘involved in investigating the -

4

,Amentai doniain, Since higher psychologihalbfuncﬁionsuarE'doﬁplex in na-

ture and 'are dependent upon a coordinated, functioning of various corti-
1

. slip*of the neurosurgeon's

e human brain, There-

L

3

e to experiments on

Y ¢

animal split~brains.

»

Further, it ‘is abundantly clear now that the large bundle of nerve
fibers called the corpus callosum (once considered to be useless) has'a

very important role to play in the functioning of the mental domain, In

the literature there are mainly two points of viaw with regard to its .-
\

function, According to one point of view, the - corpus callosum is respon-

sible for integrating the informafion of the two cerebral hemispheres,

“ -



\

‘
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®

a unified perception, The norma% animal functions as a unified whole,’

. . [ S
Further, due to bilateral sensory projections information is transmitted

s
I ok L4

»

to the understanding of much of the mental functions, \Also, results of

experiments on split-brain animals have led to the expliration of the
: \
psychological -functions in the human brain., Although tremendous advances
2 > ) ' N 1
have been made in terms of understanding the brain, -still much more

needs th be understood.. 'This could only be achieved by continued inves-

tigatibns of animal split-brainsvas well as human split-brains,

! 5 [
.


file:///Also

$

/ Chapter IIT
» ' . * j )
Split-Brain §tudies of Humans . ¢

"
on

. - Gk
The corpus callosum,is the largedt single bundle of nerve fibers
» . ! - ’ g . ~

" which directly4connects the two cerebral hemispheres. It forms the -
4-{: 5 "
principal of Mthe cerebral. commissures" which also include the anterior

. o &
' - t, - o
commissure, the hippocampal commissure and, for some 65% of us, the massa =~
intermedia (Bogenm, 1979). Due to its physical prominence-in brain struc~
ture, researchers in the field of neurosaience have been interested in

its study from the time when serious anatomical descriptions were being®

»

‘made., Further, the necessity of sectioning the corpus callosum in some .
1 :

N [ 4
”

human patienté for therapeutic reasons provided the opportunity for
. X ;. - R

4
., serious investigations of its fqnétions in the normal -humsn brain., In
S % "

3 \ ) . )
fact, speculation about-its functions was facilitated even prior to the
.t discovery of concepts of cerebral lateralization,and dominance, As N
. o 2 *

" Joynt (1974) points out, altHowgh in recent years'clinicians have cor-
- related callosal lesions with neurological impairments, they” have not
,been gble to pinpoint the exact nature of their relationship. ‘Hence,‘ it .

. K'has been rightly said that ".,., the corpus callosum has a long ’heriéage

3.1 " 1

. ’. ki
of anatomical description, functional speculations, and clinical correla-

8
»

>

tions" (quﬁt, 1974),

. Looking back into callosal history, prior to the beginhing of the

.

©1940's, one finds that most of the reports regarding césesaofycommissuro-
«tomy include large series devoted to Ehangeé in the me%tal sgate and .
very little is mentioned about the aspects of the so c;l;ed "dedbnnecfiqn

. syndrome", It was only in the later 1930's and eérly 1940'$ that the cor— -

pus callosﬁm received renewed interest from Van Wagenen, Akelaitis and

thelr colleagues at Roche§ter, New York. A. J. Akelaitis appears to have ’
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been the first person to undertake the operation of commissurotomy and has
ra .

reported about some two dozen such patients between the years 1942 and
1945, Partial or complete callosal sections were performed on patients of

lohgstanding epilepsy‘acquired in early life. These patients were criticaﬁ

cases to the understanding of callosal functions, After the operation, all

.

these patients were carefully examined by the psychologist, K, U. Smith.

1

Results of both neurolegical and psychological examinationjis a whole’did

qot indicate any consistent deficits that could be reliably attributed to

. i
13

commissurotomy. s

N

Smith and Akelaitis (1942) on the basis of their observations of hq—
mjn patients before and aftqr the section of, the corpus callosum attempted
to desgribe)p?ssible relationships existing between laterality or sided-
nessAin @eha&iour and neural activity mediated by the corpus callosum,

The terms "sidedness" éné "laterality" in behaviour refer to a basicvﬁeu?

rological ,and psychological aspect of bilateral motor coordination, There

P

is ample evidence that the regulation of movement in gll motoxr functions de=
mands a preferential role of one side of the brain over the other. In

fact, this experiment on the effects of par£131 and complete section of
the‘corpus callosum on motor organization further proiided an opportunity

to evaluate directly the general notion of cerebral dominance, The results
&

were ﬁiscussed under two main headings: (i) the {nitial effects of the

/ - 4 . LS

operation on representative motor skills and (ii) laterality in behaviour
) ] i .
after section of the corpus callosum as evident from the performance test

x

results, %

B

.

On a careful examination of patients soon after recovery from anes—

¢

thesia, Smith and Akelaifis (1942) concluded: . . .

S
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Thele was no indication in the patients in whom recovery
o from the operation was not complicated by signs of organ-
ic lesion to the brain in addition to section of the cor-
pus callostm that common tasks of eating, dressing, loco-
«~ motion, etc,,were seriously disturbed by the operation,
except possibly for some slowing of the speed of reac-—
tion ... observations indicate clearly that disturbances
of unilateral and khilateral motor skills occur infrequent-
ly after section of the corpus callosum., Those cases in
which such disturbances were noted were complicated by >
the presence of pathologic conditions not directly depen~
dent on the callosal section (p. 528-529),

Hence, it can be seen that all the evidences obtained by Smith and
v
Akelaitis (1942) indicated no significant changes in the patients' over—
e 1

all behaviour. Further observations of 1éterality in behaviour of the
patient before and after the sectioning of the corpus callosum revealed
little or no shifts at all, Shifts in laterality in a few cases noted
by the investigators resulted only after:extensive sampling and statig-

tical treatment of observations in over 100 different performances,
ha . .
Also, the measured shifts in laterality were found to be only temporary.
1

¢

The relevant facts from the data has been summarized by Smith and

Akelaitis (1942):

Temporary instability in laterality of function appears
in some patients after section of the corpus callosum.
Right-sided persons may not be affected at all, even
though the section is complete ... patients having any

A\ marked degree of left—sidedness (i.e,, left-sided and
ambidextrous perscns) are affected more seriously than
right-sided patients. After section of the corpus cal-
losum, mean decrease and mean increase in laterality
are about equal in right-sided persons, but mean de~ .
crease is more than double mean increase in patients
with notable degrees of left-sidedness. After some

) two or three months the laterality status of the pa-

tients is readjusted, so that the preoperative lateral-
ity is approximated ... Different agpects of motor
organization are unequally affected by the operation,

. \Eyedness and writing habits generally are not modified
at all, Performances involving bimanual eye-~hand co-~
ordination, unimanual tool using and manipulation and
general body orientation are changed most by the opera- @
tion, When the results in all the cases for all differ-
ent types of performance are averaged, decreases in
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lateraiity\exceed increases, This decrease is accounted
for entirely in terms of the greater tendency toward ambi-
dexterity after operation among persons possessing pre-
operatively mixed dominance or left sidedness (p. 540-541).
Akelaitis (1941a, b, 1943, 1944) observed no change in the postopera-
tive findings regarding stereognosisg persopality; visual, audiQory or -
téétile gnosis; language fuﬁction; and size, cbject, letéer and.coiour
diserimifative abiliFy in the field of visiomn. Br%dgman and Smith (1945)
- found no change in binocular depth perception and in the ability to main-
tain and recover fusion in responseé to diplopia producing stimuli in the
same group of patients, Further, it éas noted that dyspraxia dig not
occur unless one of the hemispheres had been damaged ﬁreoperatively. How~
ever, some minor defegts in the patients were noted but due to gheir frag-
mentary and transient nature, they were largely ignored., Patients expe~
rieﬁced some difficulties in coordin;ting actions of both hands, but
these could not be assessed accurately (Akelaitis, 1944-45),.,Due to nega-
& ' tive‘fingiggé, it was concluded that information from the two hemispheres
integrated either through the forebrain or subcortically., 1In a nuééhell;
‘results obtained by Akelaitis and his colleagues were largely negative in .
the senée tyat no definite fu;ctign could be attriputed to theléorpus cal-
losum itself, It is often said th;t negative‘findihgs are obtained due
to inappropriate or insensitive testing procedures, Probably this was the
case with the findings of Akelaitis a;d his collaborators,
It was only around the early' 1950's that Romald E, Myers and R. W,
Sperry, then at the Universiﬁy of Chicago, madé a surprising discovery:
» When the larée bundle of neFvg fibers called thé corpus ca}lpéum was sec-

tioned, thus disconnecting the two cerebral hemisphéres, each hemisphere

~ gunctioned independeptly as if it were a complete brain, The experiment

’
A -

re 0

-y

* e
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was first conducted on a cat in which not only the corpus callosum but

the optic chiasm was also sectioned so that visp!& information from one

A

eye did not transfer when the animal was tested with the other eye open '

e,

‘9nd the original eye sutured shut, In fact, the animal did not demon-
strate any recognition of the problem and had to learn the problem from

the beginning utilizing the other half of the brain, This and similar
. T

findings obtained from othér animal studies introduced entiraly new ques-

-

tions in the study of nental functions in the human brainm, All questions

were mainly directed to the role of the corpus callosum ip the intact

human brain. One of the majoxr questions was: To6 what extent were the_///’
two separated”hemispheres independent in terms of their mental functions?
Hence, in order to probe into the characteristics of the disconnected .

hemispheres, Sperry and,his colleagues cdhducted a wide-ranging series <

.

of animal studies at the California Imstitute of Technology throughout
- the 1950's,

Knowledge obtained from.experiments on split-brain laboratory ani~-

hd .
»

mals had generated the possibility of discovering a hémisphere-disconnec—
tion syndrome in human patients, Geschwind and Kaplan (1962) while

looking for disconnection symptoms in a patient with cerebral necplasm

. K

and callosal infarction observed tlrat although he was able to write

3 . .

-

clearl; with his right hand, he was also able £6 write "aphasically" -

with his left ha;d too. However, the patient was surprised when he l??g—
ed at what he had written with his ieft'hand. In otﬂen worés, his left
hemisppere remained‘ignorant of the functions of the right hgmfsphere. )
Furthé;, an object placed in his left hand was handled properly and was

picked out merely by touch, hgwever, iﬁ-cgpld not be named, Even feel~

ing the object with his right‘hand did not help in ret}ieving the object,
od )

[y

- - e



.Thus, Geschwin&~and Kaplan (1962) comment:

Py

. »e+ he behaved’as if his twp cerebral hemispheres were 27 .
N functioning nearly autonomously, Thus, we found that . N
so long as we confined stimulation and response within
A .the same hemisphere, the patient showed correct perfor- '
mance (p. 683), ) - \
.. . 0On the other hand, the patient responded incorrectly when the stim-
ulus was presented to one Hemisphene and the response was demanded from
the other. These observ?tioﬁs led the two -investigators to conclude
that the patient's hemispheres were disconnected due to a lesfon in the
- ‘ . . “ *
corpus callosum. Their conclusion was later confirmed by autopsy, In
ddltion, a sample of the large variety of studies with the split-brain
has been beautifully described by Sperry (1964) . 0n an analysis’ of the ,
results of these varied studies, Sperry‘(1964) goﬁbludes: .
) Work with the split—Biain‘hés enabled us to pinpoint
- . various centérs of specific brain activity, has sug-
gested new concepts and new lines of thought and has a
opened up a wealth of new possibilities for inves-
tigating the mysteries of the mind (p. 52)
Results of experiﬁental studies on animals were quite encouraging
in the sense that sectioning‘of the corpus calldsum did not seriously im- . ' .

‘

pair mental functions., Hence, it paved the way for the neufosurgeonsiyo“
perform this operation on patients Suffering from uncontrollable epilep-

tic seizures. The purpose was to limit-the seizure to one hemisphere,
Al

3 vt
3

Remarkable success occurred inm that the epileptic attacks disappeared al-
together, including the unilaferal one§, The sperations were performed

by ‘Bogen and Vogel of the California College of Medicine, Mental investi~

- -

gations were carried out by Sperry and his collaborators, Thqwfirsi pa- N

g s
tient was a 48-year old égr veteran, who underwent the operation which

]
consisted of sectioning of the corpus callosum and other commissural
1 &

structures connecting the two cerebral hemispheres (Bogen and Vogel, . -
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l96§} Since then the operatlon has been performed on a number of other

 human patients with thorough investigations over a 1ong period using

-

wany testxng procedures, One of the most strlking features observed *

was that the operation did not produee any noticeable change in the pa-

tient's temperament, personality or general intelligence, €lose and care~

ful observation, however, started revealing some changes in the patient's

A

daiiy behaviour, ~ Despite the fact that spontaneous cdordination of the

«

who%e.body genefglly'remained‘ﬁbrmal.afger cerebral commissurotomy, some
discoordinated involuhntary mhvements of the limbs, éhmparable to those
described in split-brain monkeys, were, qoteg in varying degrees with dif-
ferent patients, Even though episodes of dissociated thuntary activity

«

of the two hands or transitory silence of pne limb while the other is ac—~

tive are frequent, bimanual coordination is maintained to a high degxee,

-

especially in well-learned automatic pérfof&ance (Smith&and Akelaitis,

1942; Akelaitls, 1944; Gazzaniga, et-al., 1962, 1967; Trevarthen and

- VU A
. Sperry, 1973)., As Gazzanige (1967) reports: » . ,
- e¢o it could be seen that in moving about and responding

to sengsory stimuli the patients favored the right side

of the"body, which is controlled by the d’minant left

half of the brain. For a considerable period after the
operation the left side of the body rarely showed spon-
taneous activity, and the patient generally did not .
respond to stimulation of that side: when he brushed
against something with hig left side he did not motice

that he had done so, and- when an object was placed in

his left hand he generally denied its presence (p. 24),

Further, specific tests revealed the main characteristics of the

- split-brains, One of these tests investigated responses to visual stim-

ulatibh. Spots of light were flashed (temth of a second) in a row across

~

the board, while ‘thé patient fixed his gaze on a central point on the

board., Flashing of the 1ights covered the whole visuals field including

‘the right and the left“h;lf of the visual field, When asked to report

“+ b v
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what he had seen, the patient replied fhat he had seen lights flashed in

bl

‘ s

0
the right half of the visual field. However, when lights were flashed

@ O 2

only on the left half of the field, the patient }epéixed that he had not

. seen any lights at all.. This was obviously due to the well known physio-
- o

logical fact that stimulations from the senges (with the exgeption of

' < v ‘ 3] B
olfactory sense) are projected to the contralateral side of the brain,

Therefore, stimulations from the fight side of,the visual field are pro-
N . . . ° : 0
-jected to the left 'speaking' hemisphexe and stimulations from the left

are transmitted to the right hemisphere, which:does not possess linguis-
Y .
tic capabilities. But when the opportunity was given, the right hemi-
L3
sphere dominated and the patient was able to point Wwith his hand when

lights were flashed in the left visual field,(Gazzaniga,.1967).
. 0
The above findiﬁgs made it amply clear that the right hem%?phere 1s
equally important in perception as éhe left, It is‘due to the location
of speech centegs in the left hemiéphere that verbal response is control-

led by it. Tests of the patient's ability to recognize objects by touch

gave similar'general findings. When,the object was held in' the left

I8 » L

Jhand, the patient could not report verbally but was able to mateh with a

- similgr object in a collection of various objects; Soon it was realized

that in addition to the inputs received from the opposite side of the

« ]

body, each hemisphere received some inputs from the hoimolateral side too.

This homolateral input i6 mainly responsible for "cuing in" the hemi~

sphere about the presence or absence of stimulation and in transmitting °

-

overall information about the location of the stimulus on’the body sur-

Lt

-

. L
face, However, it 1s unable to relay information about the .exact nature
. ) . ,
of the stimulus,

3

With regpect to motor control in the gplit—brain-patients, test

13

(4]
O

v +
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results indicated that the left hemisphere exercised normal control
. over the right hand Hut was considerably poorer at controlling the left
hand. Likewise, the righé hemisphere’had full control over the left
. >
hand but not over the right hand. When a conflicting situation arose
. ’ and the two hemispheres were dictating varied movements for the same
"ﬁ%}d the contralateral hemisphere dominated over the ipsilateral half
‘ of the brain. On the whole, the motor findings in the human split-
7 . * ) -
brain patien!l’were in line with those observed in split-brain monkeys..
To investigate the mental functions of the human gplit-brain, two

. ‘different techniques were employed: one visual and the’other tactile,

. Results of both tests indicated in genmeral that when information was
transmitted to the left hemisphere, the patients were able to handle it
both verbally and in writing; whereas, when information was directed to
the right hemisphere, the patient was unable to respond verbally or in

L] - Ld 3
writing. A picture presented to the right hemisphere produced either a
blingd guess or no verbal response at all, In contrast, when information
w%s transmitted to the right héhisphere end nonverbal responses.were re-
quired, the capecity for accurate performance was noted., In fact, other
test results indicated that the right hemisphere possesses a certain de-
gree of language comprehension| (Sazzaniga, 1967), In a particular in-

) teresting experiment conducted by Gazzaniga (19675:

A o «s« the word "heart" was flashed across the center of

. the visual field, with the "he" portion to the left

of the center and "art" to the right ... the patients
would say they had seen "art" -~ the portion project-
ed to the left brain hemisphere (which.is responsible
for speech). Curfously, when after "heart" had been
flashed in the same way, the patients were asked to
point with the left hand 'to one of' the two cards -
"art"” or "he" ~ to identify the word they had seen,

b . they invariably pointed to "he" ... both hemispheres
had simultaneously observed the portions of the word

- 3

-

‘2
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available to them and that in this particular case the -
right hemisphere, when it had had the opportunity to
seXpress itself, had prevailed over the left (p, 26).

Thus, it gan be seen that the right hemisphere is not completely de-
) -
vold of linguistic capabilities. 1In a case of left hemispherectomy,
Smith (1966) found that mental functions such as speaking, reading, writ-—

“ ing, and understanding language showed continuous improvement in the first

.
3

seven months after hemispherectomy. Although there are individual differ-

ences he .concludes that hemispheric functions seem to differ quantitative- -.

ly and not qualitatively. The right hemisphere seems to possess a con-

siderable capacity even in the adult to organize linguistic capabilities,

' However, the upper limit of linguistic abilities in each hemisphere varies

from individual to individual (Gazzaniga, 1967): furtherz it has been es=-
tablished that in early childhoed the two hemispheres are equipotential,
In instances yhere damage occurs to one of them, the other is aéle to
take over its functions., Speech is developed and maintained in the intact
hemisphere (Basser, 1962). This indicates the plasticity of the human
brain in earl§ childhood, The maturatioﬁ of thé human br;in is a lengthy
process and it is during this process that later on mental capabilities
become differentiated in the two hemispheres. Consequently, each hemi-
sphere assumes respo&sibility for specific mental functions. The domi-
nance of the left hemisphere is particularly related to its linguistic
functions which is onme of the unique characteristics of man, Yet
examination of right hemispheric functions through specialized tests.

‘ .
demonstrates the superiority of the right over the left in cerfain special~
ized functions, Tests, for example, have shown that the left hand was

.
' !

capable of arranging blocks to match a pictured design and of drawing a

three dimensional cube, whereas the right hand, without any instructions

a
ke Y
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from the right hemisphere, was incapable of performing either of these

~
v

tasks, Interegtingly #oweve;ﬁ’it was noted thié although the pafients PR
could not perform with\the fight hand, they weré,capable of matching a
test stimulus t; the correct design when it apRS?red among five si?ikfr,
patterns presented in their right visual field, Therefore, the dominant

. ’

left hemisphere is capable of differentiating between correct and incor-

rect stimuli (Gazzaniga, 1963).

[y

~

In fact, in certain mental progesses, the right‘ESFisphere is at par
with the left, It is independently capable of generating an emotional

regponse, In one of a series of experiments on emotional reactions along

A}

with a number of ordinary objects, a picture of a nude woman was flashed

suddenly. The patient was amused regardless of whether the picture was

presented to the right or the left hemisphere. When it was flashed to

"

the left hemisphere, the patient laughed and verbally’reported that it
was nude, However, later when it was presented to the right hemisphere

she reported seeing nothing, but immediately a sly smile spread over

. +

her face and she began to chuckle, When asked why was she laughing, she

n

replied, "I don't know .., nothing ..., oh =~ that funny machine,"- De-

B

spite the fact that the right hemisphere was not able to describe what

» ¢

she had seen, it was capable of eliciting an emotional respomse simila

" to the one evoked Ey the left hemisphere. :

A U

* So far, all evidence points towards the independent functioning of X ("

the two cerebral hemispheres in a split~brain situation. This obvicusly

>

leads to another question: Are two brains capable of handling double the

T
information handled by one whole brain? Studies on split-brain monkeys

have indicated that they can handle twice as much information as a ndfl
® /

mal monkey, Human split-brain patients have been observed to carry out
« ‘ /

t
! )

b N
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two tasks as fast as a normal person can do one., All evidences thus sup-
port the phenomenon of "two independent gpheres of consciousness within
a gsingle cranium”. The phenomenon of consciousness in the split-brain

a
has led to a great deal of controversy among researchers in the social
sciences as well as the neurosciences, H;re it seems appropriate to
deal first with various features of the two separated hemispheres in
the split-brain and then tagke up the question.-of consciousness.
The surgical sectioning of tﬂe forebrai&fcommissures produces some

changes in the visual perception in man (Sperry, 1970). The visual

image on its way to the brain is split down in the middle: one half is

'
3 *

transmitted/to the right hemisphere and the other half to the left hemi~-
sphere, AThe question ghen arises: How do the two separate cortical
fields get united and the patient perceives a single visual image? Since
the neocorticaibcommissures have already been sectioned, there is’obviousw

ly some other connecting link between- the two cerebral hemispheres,

(Sperry; 1970) attempts to investigate the possible link involved in unit-

A .

ing the two separated visual images, Initially, after the period of re~
covery from surgery, no change in behaviour was noted as far as vision\

_ was concerned, These patients did not report any peculiarities in their
visR1 experience, With the aid of specig&}y designed tests, serioug
abnormalities were observed in these‘patients. In these tests, visual
stimulation was controlled, divided and directed separately to'the right\
and left hemispheres, Under such conditions, the patients appeared to

see objects through "two quite separate and distinect perceiving systems,

one in each hemisphere and neither having aﬁy conscious connection with
the other", Test results indicate a lack of perceptual transfer between

the right and left halves of the V¥isual field. These patients were able



.
"’52"1 "

. l‘
“

to name and describe objects presented in the righ¥ visual field but fail-

ed to do so when presented to the left visual field. On the contrary,

when the testing procedure required a non-verbal response, then the pa-
tient was able to point or pick out t@e correct stimulus from among sev-
eral other objeéts even tho;gh he verbally denied having seen it, ‘Futher~
more, when_the collection of ogjects was lined up‘in front of the subject,

.the subject was able to point to the correct objecf with either hand with
- v, "

the aid of bilateral orientational cues and due to cohsiderable,hgﬁolatl
. .o , /-
eral as well as contralateral motor control in each hemisphere, However,
x . .
when the test objects are presented behind the screen and the correct ob-

. . . , ] . .
ject hag to be idefitified by’ touch only, then the left hand .must be uséd . .
with'the left visual field and the right hand withvihg rigﬁt yisual field.

. i Y .

. o CaEN .
Thus, crossed interhemispheric combinations do not occur and the same is -

¥
Al

'prﬁe for perceptual associations that/involve, viapal and auditory or visu-

M)
¢ 3

al and olfactory-st%buli, although in the case of olfaction iﬁsut isghémo—

» B .

lateral (Gordon and Sperry, 1969; Milner, Taylor and Sperry, 19%8).
- ¢ . - I
An important point to’bt’noted’in connection with the disconnected

hemispheres is that the major hemisphere (usually_%he left) .0 'the talking

hemispﬁere does not rémain in contact with the minor ;(right) he

I

In other words, it has no knbwledge ofvthe.perceptuéi'ekperienge of the
, :

right hemisphere and therefore %hen Fhe‘major hemisphere does the Yalking,
it i@*speaking for itself, The speakipé.hemisphere can only guess abog;
the other hemispheré}b activity, Also, it has been noted that two tasks
coﬁld be performed with the two handsaworkiné simultaneously, A separate
goal object to,search for i§ presented to each hemisphere simultaneously,

This 1s tusually dome by fla%hing picnureéAéf the goal objects to each

visual half field, or by naming the oEjects through auditory»ingtructions

4
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via eﬁrphones with different dichotic input, or by placing the objects.
in each hand for identification by touch. The two goal objects are

then intermingled with other objects and plactd behind the screen * -

3
r » ¢ « fow
. . .
u

out of view, While searching for the goal object, each hand comes up
with the right choice. Often one hand comes across the object that the

other hand is looking for. When this occurs, the object is merely ra-

£

jected and the search continues for its own goal object. It is Llike

two people are searching for their own goal objects without any communica-
[ R .
tion between the two, Of course Other audilory Eues, inecluding speech,

vy -

have to be controlled, The findings related to the disconnected hemi-
’ 1

spheres have been éummariied:qchematically v Sperry (1970) in Fig., 3.1. .

' Based ‘on these findings, S?érry (1970) concludes:
i «eo-@ach of the disconnected hemispheres has its own’ .
‘ private semsations #hd perceptions, and also its own .
private images and memory, as well®as its own mental . RN
a’sociations, ideas, and other gnostic experiences, e . )
Rgcent observations on the emotional reactions evoked '
N by pleasant and unpleasant olfactbry stimuli suggest
" that the related feelings and emotions also may be
intluded as being latéralized in man by forebrain com-
missurotomy (pr 127-129). . . .

' »

<2

Evidences in support of the simultaneous independent funcEioning of A
L - o A
the two cerebral hemispheres are numerous. Hence, one is back to the

original question of locating the connecting link between the two hemi-
. spheres that unite the visual images of both hemispheres, thereby produc-

. N ~N .
ing a single unified image., A recent study of the agenesis of the cor-

-

pus callosum has further puzzled researchers about the unifying link,
Saul and Sperry (1968) administered a series of perceptual and related ) ’ !

tests on a 19~year old girl who was diaghpsed to have a complete congen~ ' .

* ital absence of the corpus callésum, The burpose of these tests was to
N X T

detect right-left cross-integrational de cifs, The entire battery of

3
(N

. I
1 N “
.
N -
«
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tests developgd primarily for detecting basic tross—integrational defi-

~

cits in the comﬁ%gsurptomy patients were administered to the girl with
agenegis\of thé corpus callosum, Her' performance throughout the testing
was éésically like normal controls, None of.the impairments noted in
the commissurgtpmy patients 4 to 7 years’ after surgery was evident, This‘ ’
¥ .

obvio;sly reflects the functional plasticity of the nerveus system espe~
“cially durihé the growing period, I'ven when visual inputs were restricted

to either half of the visual field, she was able to read the who}e word
without any difficulty, In ther words, inputs frdm‘right and left visual

fields were integrated into a unified whole.just like it gets integrated

, in normal subjects, The only explanation for her so-called normal perfor-

mance thus far provided is the presence of a slightly enlarged anterior
commissure in the brain. However, the high level of performance demon- .
strated suggests that the anterior commissure alone could not be respon-

sible for such a high degree of inteégration. Therefore, according to

1

Sperry (1970): . ’ <o

The most promising explanation ... at present is in
terms,of a developmental elaboration, reinforced by
function of the ipsilateral sengory, motor and as~
soclated systems of the brain. These ipsilateral sys-
tems normally are weak by comparison with the main
contralateral systems, but they are known to be po- ‘
tentiated by conditions like brain damage at birth

(pc 133)0 N * ‘l \
\ ™

Thus, the human brain possesses a .remarkable abilit§ to compensate
: (]

-
[
X

¢ (neurally and‘or functionally) for agenesis of the corpus callosum,

[

™~

thouah it ig not yet élearly explainable how such remarkable functions of
\
;bIain are carried out in the absence of the callosum, After

the human
i
reviewing behavioural studies of Sgenesis of the corpus callosum, Milner

and Jeeves (1979) conclude: “ -

v
H 1 A

Alevetape, -~
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It has been securely established .,., that this huge

forebraln commissure is normally active in a variety

of cognitive, perceptual and motor processes, Yet

there is only minimal loss of efficiency in such pro-
) cesses in individuals lacking this pathway. Near=-
intact behaviour is ensured in these patients by vir-
tue of the immature brain's capacity to reprogramme -
.its development subsequent to an earlier developmental .
error, making use both of alternative neural structures
and of behavioural skills which modify its own inputs.
Evidence (both structural and behavioural) nevertheless P
suggests that there are limits to the amount of eom:-
pensation, of whatd!‘y kind, that can occur, In par-
ticular, it seems that an’ absent corpus callosum can-
not be compensated for wherxé eross-mapping of fine-
grain sensory information, in vision, or in touch, is
necessary. For these, callosal communication seems
indispensable (p. 443).

&

Higher mental functions that are associated with cerebral dominance

-

¢

., and lateral specialization of the brain are affected in the absence of

the cotpis callosum. These unique functions especially require a coor-

dinated fun?tioning of various qualitatively specialized mental facul-
-ties of both right and left sides of the brain. The dgficit§ noted in
more géneral, compiex and abstract mental functions could result due to
é;ther an underdeveloped minor hemisphere because of an extra pressure
of'having‘to share with the functions of the other.hemisphere, or lack
of full coordination between the two hemispheres, Also, the same def-
icits are noted in an exaggerated form in commissurotomy patients,
The§g patients obtain average scores on verbal left hemispheric func-
tions. In other words, the %ateralized functions remain normal, but
the nbnlaéeralized, holistic functions of the right hemisphere are marked-
fy;impaired in commissurotomy patients (Sperry, 1970)., Hence, Sperry

v

(1970) has rightXy said: "No doubt remains today that two hemispheies are
‘good for you' and that two hemispheres united are better than two hemi-

spheres divided,"
povs

Al
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The overall behaviour of patients after the recovery period (from

’

commissuroﬁomy) seems to Be normal, His personality and behaviour in
terms of gocial interaction ;émain unchanged. However, when specially
designéd tests are administered, the entire picture of the patient
<hanges. A general testing unit]used extensively to test commissuro-
tomy patients is given in Fig. 3.2 The subject is seated at a table
on which an adjustable screen is placed in front of the éubject. This
screen p}events‘the subject from seeing his hands, the test items on
the tafle; the tester and other equipment used for testing purposes,
In addition, the screen is equipped\with a white glass viewing window
for the back projéction og,gxz slides in an automatic projector with a

v :
mechanical shutter for brief tachistoscopic presentaﬁ%on of stimuli;

»

This testing unit pérmits the experimenter to exercise grgater control
in terms of presenting visual sti;uli to‘either oné of the two hemi-
spheres or both by asking the subject to fix his gaze én a specific
point on the viewing shield, Pictures of objects are presented to the
right and left halves of the subjeft's visual field via exppsure times
of 1/10 sec., or less, The brief exposure time does not leave room for
scanning movement of the eyes and hence stimuli presented to a given
half-field cannot be projected to the wrong hemisphere, Visual stimuli
presented to the right side of theavéf%ical midline are transmitted to
the left hemisphere and vice versa. As far as the right visual field .is
concerned, there seems to be no problem in naming and describing ghe ob~
" ject or material by the commissurotomized patient. When a(visual stimulus

is presented to the left visual field, the subject is unable to identify

the object verbally. This is obviously due to linguistic functions

A N

- . o
being situated in the left hemsiphere, However, when exposure tf;e is

«
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Fig. 3.2

(From Sperry, Gazzaniga and Bogen,

1969)
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incréased, the stimulus®is identified due to rapid eye novements that

F

bring the stimulus to the right half field. The story is very differ- e

-

ent when the subject is required to identify the stimulus using simple

manual pf other non-verbal responses (Sperry, Gazzaniga and Bogen, 1969).
An analysis of test results of these patients point to an indepen-
dent functioning of the two visual half-fields. In other werds, stimuli

perceived in-one hemisphere are not perceived and stored in the other

3 -

. . Y
disconnected hemisphere, It appears as if there are two separate hrains
> L

in the commissurotomized patient and each one has its own sphere of sen-

4

satioi, perceptions and memories -~ short-term and long-term. Also,

only ®ne, usually the left, hemlsphere is capable of communicating what

1

it perceives through speech or writing, All evidence indicates that the
commlssures do have an important role to pléy in terms of integrating in-
1

formation from the two hemispheres in the normal; person (Sperry,

-
Gazzaniga and Bogen, 1969), This is true with not only visual informa-

tion but also somesthetic information, Further, it has been noted tHat

both hemispheres are capable of bilateral fecognition and retention of

~

auditory perceptions., Tasks that involve intermodal association are com-

~

pleted successfully only when sensory and related informations are all

° 14 -
transmitted to the same hemisphere, Cross-integrations between opposite-

ly lateraliged visual and somesthetic inputs are not possible in the com—

~ «

missurotomized patient (Sperry, Gazzaniga and Bogen, 1969).

The fact that the two hemispheres are capable of independent func~

tioning poses a question: Do the two hemispheres get into conflicting

gituations in the commissurotomized patient? It has been noted that
conflicts do occur in the early months of postoperative .recovery (Bogen,

1979; Sperry, 1966; Wilson et a¥,, 1977; Zaidel, 1973). Sperry (1966)

s

.
[SIPPTICI
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reports about a Eatient Whouexhibtted interhemiépherié conflicts in his -

s .

early postrecovery period, ' He was observed by his wife to sometimes pull

up his tfousers with one hand and push them down with the other while
dressing, or after tying the belt of his robe with help from his left

hand to the»right the left would immediately untie 1t again. In one T

particular gsituation, the patient’s 1eft hand tried to push away his »*

wife, while the right hand was beckoning her,’ These instancee have been

-

explained by ﬁperry as conflicts between "willpower—right" and "willpower-
left", Similarly, a patient wae observed pushing a plate away with one
hand and getting it with the other, just to have it pushed away again
Siaidel, 1973), Bogen (1979) reports about other instances of inter-

manual conflicts in almost all commissurotomized patients in the early

. postoperative period. A physiotherapist reports of a patient: "You

*

should have seen Rock& yesterday - one hand was buttoning up. his

v

shirt and the othér haed was coming along right behind it undoing the
buttons!" However, such behaviour soon subsides, probably because of
other unifying'ﬂechanisms that take over the commissural function. .
Hence, the patient éppears normal in his behaviour unde£ ordinary condi-

tions. Asg Sperry (1968) comments:
+s. the fact that these two geparate mental spheres
have dnly one body, so they always get dragged to the
same places, meet the same people, and see and do the
same things all the time and thus are bound to have a
great overlap f common, almost identical, experience,

.

Just the unity of, the optic image "— and even after .
chiasm section in animal experiments, the conjugate
movements of the eyes -~ means that both hemispheres ~

automatically center on, focus on, and hence probably

attend to, the same items in the visual field all the

time. Through sensory feedback a unifying body schema - ..
is imposed in each hemisphere with common components

that similarly conditfon in parallel many processes of
‘perception and motor action onto a common base (p. 728).

2 g 2
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Since evidence\ for right hemispheric linguistic abilities are large-

ly obtained féom.studies of clinical cases, care should be taken in gen-

N ‘

eralizing to the normal population (Searleman, 1977), The clinical group

-
L

. comprises patients each of whom are unique and differ in guch relevant

0

variables as age, intelligence, motivation, and education. Not only
that, even the treatment varies from case to case, Asg Kinsbourne (1974)

“ has rightly said:

v

Split-brain patients are notoriouslyoﬂifferent from

one another, to an extent which makes it rarely jus~ .
tifiable to report them as a group. Their data must

be analyzed and reported individually (p. 262),

‘Hence, any generalization to the.normal population woul& be a rough
estimation unless and until a large normal population is tested, Hoﬁl
ever, the split—br;in cases do and have grovided the bageshfor further
inquiry in tﬁe normals utilizing» modern techniaue; such as dichotic lis-
tening testg. \ “ ‘

.

The functional plasticity of the developing cerebral hemispheres
have been noted in children who have undergone hemispherectomy for tﬁe
- treatment of infantile hemiplegia, Hemisphereétomies performed ;n the

early years of life, regardless of initial handedness or hemisphere re~
moved, do not hinder normal language development in almost 997 AE,;hé
cases (Searleman, 1977), Therefore, investigators have often regarded
the two hemispheres as equipotential in the early years of life for the
development of language (Basser, 1962; Zangwill, 1960):

Speech and writing appear to be maintained at a normal level in the
commissurotomized patient under ordinary conditions, The testing proce-
dures required to determine ‘linguistic cdpabilities of the right hemi-
sphere involve nonve;bal responses kGazzaniga 1!? Sperry, 1967), When

stimulatig} is restricted to one half of the visual field then only

S § K AT I L, w5 St B,

?
-
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limitations of speech and writing abilities are noted. Visual or tactile
’ stimulatiofe# the left half fail to elicit a verbal or written response,
These obse;vations further strengthen the conclusion that speech and
~ .writing in the split~brain patients are entirely located in the left
hemisphere and thus the right hemisphere remains mute and agraphic
(Sperry, Gazzaniga and Bogen, 1969). However there i; some evidence‘that

! the right contriQEEig to some extent in reading and writing in commis- .
surotom zed patientsi/ In a patiegt after 1eft}hemispherectomy, Smith '
(1966) noted .that funétions such as reading, writing, speaking and under-
standing language were not entirely lost and showed continuous improve—
ment. Hence he concluded thaz‘hemispheric functions differ quantitative-
ly and not qualitatively, The ability .to sing and verbal comprehension
was also npted which suggested that ?he right hemisphere does play an
important role in these functions. '
An important point regarding lingui;tic ability has been pointed out
by Searleman (1977). He points out that there‘’are two aspects of lan-
N . guage, namely, production and comprehénsion of speech. There i; a dif-
fere;ce between the two, As far as the production aspect is concerned,

. - the left hemisphere.takes the lead. However, the right is no less com-
—

i petent in terms of comprehension of language when the opportunity is

.
v

given. In fact, it appears that failure to distinguish between the two
aspects of language have largely contributed to earlier remarks in the

literature that the right hemisphere is "mute" or "word~blind" or "word-

: ¥
ded" (Geschwind, 1965a, b). 7 <

. Coéprehension of both spoken and written words aré'carried out by

»

the minor hemispﬁere and expressed non-verbally, Auditory comprehension

BRI s AN

of language was evident in the ability of patien;s to pick out with the

* [}
'
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left hand the object named .alopd by the 'tester from a collection of
objects, Words like cyligder, coin, scissors, etc., were comprehended
by the rigﬁt hemisphere particularly when these objects were described
in an indirect way liﬁe "something to cut with" instead of "scissors'.
Due to the fact that tagtual recognition with the left hand is a right
he;ispheric funetion, "1t could be im;lied that verbal instruction and
description is understood by the right,hemisphere and hence the tdsk
is completed. Thus, the right hemisphere does have a moderate vocab~-

ulary of its own too, though the major left hemisphere might ‘help the

)

-

minor one with feedback effects, or some facilitative techniques
(Sperry, Gazzaniga and Bogen, 1969), Comprehension of written words in
the minor hemisphere was demonstrated in the split-brain patient,

When a printed word was flashed éo the left half visual field, the sub-
ject was able to pick out the corresponding object from a collection of
objects by feeling them with the left hand behind the screem, Further
investigations of the 1{nghistic capacity of the right hemisphere of
split-brain patients have been carried out (Gazzaniga, 1970). It was
noted that some of the split—brainkpatients possessed a limited linguis-—
tic’ gability in th;kr;ght hemisphere.' They were ‘able to recognize simple
nquns, for example, when the word "spoon" was flashed to the right hemi-
sphere, these patients were able to identify and pick out a spoon with
their left hand behind the screen, Though comprehension of nouns was

evident through both auditory and visual modalities, little or no evi-

dence for response to verbal commands were found, Even the simplest

verbs were outside the limits of the right hemisphere, It could not

comprehend at all (Gazzaniga, 1970).

In order to interrogate deeper iInto the uppér limits of semantic

. \

%‘é‘%h**’- L ’
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and syntactic structure in the right hemisphere, Gazzaniga and Hillyard

(1971) . administered tests on split-~brain patients, Based on their anal~

»
-

yses, they conclude that the right hemisphere is unable to tie the sgubw
Ject and the object through a verb and hence to resppﬁd to verbal com—
mands, It is efficient méinly in comprehending nouns. Gazzaniga and

Hillyard (1971) comment: .

The extent and nature of verbal structure processing in
the right hemisphere remain unknown, but it conceivably
has hecome locked in an infantile mode,* wherein only
simple naming is possible and "no" is the most deeply
entrenched concept, . These two aspects may be among

the most elementary components of logic and/or language,
both ontogenetically and perhaps phylogenetically

(p. 277).

In addition to the quantitative difference in the capacity of the
two hemispheres as noted earlier by Smith (1966), there is a basic qual-
itative difference in the manner the two cerebral hemispheres process .
the same information under the same conditions of sensory input and
motor response. Thus, there are two modes of mental functioning that
are mutually opposing (Levy, 1969; Levy-Agresti and Sperry, 1968), In i
order to investigate this, Levy et al, (1972) conducted a study in which
the two senséry images perceived in right and left hemispheres are ar~ ) 4
ranged to be different gnd conflicting. A series of visual stimuli in a
faclial recognition test were split down in the middle and then recombin-
ed and joined at the middle to construct composite righe~left chimeras
as given in Fig, 3.3. ,These chimeric ghgtographs are then flashed to
the subject while his gaze.is centered, Sinée the two hemispheres are
disconnected, each is complet;ly unaware oiij@ dissimi}arity in khe
chimeric figures. Hence, the two hemispheres see two different things
at the same place and”time, This, of course, is never accepted by the

X
- w
normal brain. The two competing perceptual figures joined in the

Yo 5%
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middle and projected to the right and left sides of the brain provide an

opportunity to observe which side of the brain dominates in responding,
The response can he eilther verbal‘or pointing with the left hand, Whan
patients were tested on these chimeric figures, the igft hemisphere f. "
domingted wﬁ;n a velbal response was required and the fiéht dominated
when nonverbal response was expected.

Another'study was conducted by Levy and Trevarthen (1977) utilizing
the same procedure of split chimeric stimuli in order to investigate
differences between the §w6 hemispheres in terms of processing elementary
‘1inguis£ic ability, fhr?e tests of visual.recégnition, semantic decoding

and phonetic similarity were administered to four commissurotomy patients.

T

\
3 On the whole, the right hemisphere assumed dominance on the visual re-

N kY

cognition tasks where no semantic or phonetic analysis was involved. On

semantic tasks, where written words had to be matched to pictures, the
L]

left hemisphere gained centrol, though the right hemisphere was also

found to be competent at these tasks. The left hemisphere strongly dom-

inated the right on the test of phong‘ﬂc similarity or rhyming., Hence,

on the basis of their results, Levy and Trevarthen (1977) conc¢lude that
"the two hemispheres are baslcally differentiated with respect to their
generative, constructive capacities in language ..."

Furthermoré; investigations of a particular case P.S:.have demon-
strated a wide range of lingulstic capabilities in th? right hemisphere
(Gazzaniga, LeDoux and Wilson, 1977; Gazzaniga et al., 1979). Linguistic «

¥
capabilities of each disconnected hemisphere were examined in P.S. who '
' ' ‘

is a right-handed male, Results of investigations in- 1977 demonstrated

rich linguistic skills in each of the so-called "two brains". Both hqﬁl—
~ . .

spheres were capable of processing nouns, "verbs, rhymes and antonyms,

LS
A
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The most distinguishing feature, however, w;% the rdight hemisphere's abil-

@

ity to respond verbally through writing and b} selecting and arranging

letters in a word. The case of P.S. is special In the sense that the ex- |

=

tent of linguistic representation in the right heﬁisphere is more .than )\

e oas §
that noted in other split~brain patients earlier. ¥owever, due to the \x
limited number of observations in patients with warious case histories, . ’e

it becomes very difficult to nake juégements absut 1angua§é processing
. t

@

in the normal brain. As Gazzaniga, LeDoux and Wilson (%977) rightly

L
state: * ‘

* -
> 3

- +e+ split~brain results-probably reflect neuro~ "
plasticity during earl§ development.. It is gen-
erally believed-that language develops in both
cerebral hemispheres, to some unknown extent,
with the process eventualdy consolidating in the
left for most right~handers .,. o
The variable existence of some linguistic
gleills in the absence of other lingulstic skills .
in the right hemisphere of split-brain patients
demonstrates that different linguistic functions
can develop and exist independent of the other ‘
functions., Written expression can exist indepen- R
dently of the capacity to produce speech, and
neither speech nor writing is a necessary prere-
quisite for the various comprehensive skills, which
may exist together or separately (p, 1146) . -

o [}

', Continued investigations of ‘P,S. have shown that the right hemi-

¢

sphere is capable of.verbal ability in response to stimuld exposed in

his left visual fiéld (Gazzaniga et al,, 1979).  Verbal responses to

- 4

complex pictures presénted to the two visual fields separately varied \

in content. An example of a complex picture and the different verbal

responses give;\by P.S. to Epis and other complex pictures are given ,

in Fig. 3.4 nThe contents of his responses to the left and right vi-

- .
¥

gsual preﬁintatio varieq, The left hemisphere gave an accuraté des— .

f the s§ene, The right hemisphere at first described the .

»

idea accuratel&, but™urther explanation, although detailed, had no (

v

+ . - -
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\\
relation to the content of those pictures. Initially, the verbal abil-

ity in the right hemisphere of P.S. was attributed to the interhemi-

I »
spheric visual transfer through his anterior commissure' which had been

*

left intact. But with additional tests requiring 'same%different' judge~
. \

ments when the two stimuli were presented simﬁltanébusly\through the
left and right visual fields separately, the visual interbemispheric

b A
transfer hypothesis was rejected in fhe case of P.S. -

Hence, sevexal experiments were conducted to egaifre the nature

of verbal ability im\the right hemisphere of P.S, with reference to

munication with reference to lahguage occurs between the_ left and right

&
hemispheres without any overt voicing moveménts (Gazzaniga et al., 1982),

L1 >

. w .
However, it is not yet elear how such transfer occurred, As Gazzaniga
(1983) comments: "It is not yet clear whether such transfer rélies on

midbrain and brain stem systems or afferent information 'provided by

P . - . »
the speech musculature.” He maintains that various manifestations of
. i :

e »‘ ‘ ) G‘ 1, Py
linguistic capabilities in the right hemisphere of spIit-brain patients

are results of¢ early daﬁage to eritiesl areas of the left hemisphere

"
which prompted the other hemisphere to take over "its. functions. This
. A ‘ ;

Y & b

is supported- by the fact that the small sample of.split-brain pa%ients
LR « Al .

who have;sgown evidence of'linguistic ability in the right hemisphere

% 8

have suffered damage to their critical area in the left hemisphere in
early childhood., T agree with Levy's (1983) statement that ". .. whether

a hemigphere is passi&e o domiflant depends on the nature of task
. )

~
N

" 3

4
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demands, with~the left hemisphere passive in some, circumstances and the

right ‘hemisphere in others." In fact, this has been generally agreed

£

upon in the gplit-brain literature. 0On a review of split-brain litera-

“

ture in terms of right hemispheric linguistic ability, Gazzaniga (1983)

concludes that the performance of right hemisphe%es with little lihguis—

*

tic ability is”limited to simple matching tasks, whereas others (like
in the case of P,.S.) 4re much more capable. ﬁowe&er, with iﬂc;easéa ad-
vances in neuropsychology and more sophisticated techniques, much more

is likely to be revealed about the "two brai?g". Thus, Gazzaniga (1983)

rightly comments: *

As neurospychology moves toward a.more completé under-
standing of brain laterality, the contribution of E
each hemisphere to the expression of specialized skills
and the role language plays in such expression will
continue to be clarified through future.research .

: (p. 548). ’

Thus, it can be seen that the right minor hemisphere does posséss

‘some iinguistic coﬁpreheusion which Decomes evident only under specific
‘ testing conditions. Under ordinary normal conditions, the dominant left

hemisphere takes the lead and therefore no limitations on the two hemi-

spheres are noted. The commissurotomized patient appears normal in his
day to day behaviour.: " ‘
Calculation or arithmetical performance is organized mainly in the

-

left hemisphere. Tests that limit the stimulation to the left visual

field or the left hand reveal that the capacity for calculation is al-

most negligible in the right hemisphere, Very simple tasks like match-

ing numbers or ip adding one to numbers below ten can be completed suc-
) - -

cessfully when stimulation‘is restricted to the Ieft field., The split~-

5 ’f o
3

braiﬁ patients fail on tasks requirigg addition or subtraction of two or

e w, \

-
»
f

.
a ’ *" L
. .

P

[N

e



wda

et —an -

E.

i

4

»

- 71 -

+

higher numbers and multiplication and division (Sperry, Gazzaniga and
Bogen, 1969). , .
*

With regard to motor functions in commissurotomized patients, no

long~term basic deficits wefe noted as long as the combinations were =~
left hemisbhere—riéht hand and minor hemisphere-left hand, However,
after commissurotomy there was some tendency to use the left hand less
than normal. in the ordinary situation., The left hand was brought into
action through much effort and stimulation, On_the whole, m&tor Symp—
tOjﬁ’Were particularly obvious in those activities in.which a hemi~
‘sphere was expected to guide movement of the homolateral extremities.
Gradually, after several months the majority of the patients were able

to make a variety of hand and finger postures to verbal:fgstructions

*

with either hand. They were even able to wriee with their left hand
if free shoulder movement was permitted, thouéh ehe writing was not as
good as that of the right hand. One of these patients, L.B., was able
to write with his left hand using finger and wrist movement alone
(Sperry: Gazzaniga and Bogen, 1969),

Thus,: an overall picture of the patients' behaviour in the ordinary

P
situatior undermines the capabilities of the right hemisphere., However,

o A ¢

when tests Pequire the right hemisphere to express its experience and

s

understanding’ through nonverbal responses, it appears quite efficient in
N -

performing the task, Therefore, ‘Sperry, Gazzaniga and Bogen (1969) right-

[y

1y conclude that the right hemisphere possesses "conscious awareness and

intellect at a level characterlstically human with fairly high order men-
£ -
tal processes including abstract thinking and reasoning." The minor hemi-

sphere has been found to be effective in handling intermodal transfer

tasks between vision, touch, hearing and other modalities. A solution

.

L
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learned through auditory stimuléfion, as an example, is easily transfe;
red into visiog or touch, and vice versg. This level of tran;fer is far
beyond that achieved by subhuman primates with a whole intact brain.
Right hémisphere performances also include associations for things that
patch together like paper and pencil, nut and bolt, etc, Hence, it can
be clearly seen that the right hemisphere is not gz dumb and mute hemi-

. ~
sphere as it appears 'in ordinary behaviour. Although it fails in verbal
expression, it does match it with nonverbal means. Not only that, the

\

minor hemisphere ex;els the major left hemisphere in certain functions
like emotionéi sensitivity and spatial conceptioné.

In the split-brain literature, it is notedithatkdifferent terms
have often been used to describe different pereeptual organizations in
the two hemisplieres suﬁ&ras symbolic vs. visual-spatial (Zang&ill, 1961),
analytic vs., gestalt (Levy-Agresti and Spérry, 1968), associational vs,
apperceptive (déRenzi, Scotti and Spinnler, 1969) and propositional vs.
appositional (Bogen, 1969), It is interesting to note however that all
these terms}basically imply the saﬁe meaning in terms of the functions
agsigned to eagh hemisphere., As ﬁebes (1974) has beautifully put it:

. «es they all assign to the major hemisphere the tasks

’ of sequéntially analyzing sensory input, abstracting
out the relevant details, and attaching verbal labels,
while the, right hemisphere attends to the dverall con-
figuration of the stimulus situation, synthesizing the
fragmentary chunks of perceptual data received from
sampling of the sensory surround into a meaningful per-
cept of the environment., The right hemisphere is thus
viewed as giving spatial context to the detailed analy-
sis carried out by the major hemisphere (p., 156). o

r

Though the left hemisphere has received much more attention due to

- »

its linguistic and mathematical abilities, the right hemisphere's func-

tional superiority in some instances ‘have been noted, It has been
T * - v
found to be superior to the left hemisphere in the construction of block

T
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designs, and in copying_aﬁd drawing test figures such as a house (Bogen
and Gazzaniga, 1965; Bogen, 1969),

+In otder to compare spatial abilities of the two hemispheres,

- 3

Nebes conducted three experiments on hupan split-brain patients. The
tasks in these experiments consisted of perceiving the relationship be-
tween the parts of a stimulus and the whole. In the first experiment,

Nebes (1971) used the task of part-whole operation at the most basic

level., The subjects were merely asked to estimate from visual or
somesthetic examination of an arc, the size,of the complete circle to

which it belonged. Since all stimuli were either arcs or circles, stim-

-~

uli complexity was at.a minimum level, The stimuli consisted of three

8

different inner diameters of ving: 1%, 1% and 1 inch, Each ring had
_a set of ; complete ring and four ;?hs of 280°, 180°, 120° and 80°,

These stim;li were preseﬁted o the subjects through three different
pro?edures: somesthetic~visual, visual-somesthetic and somesthetic-

somesthetic as shown in Fig. 3.5. Two control tests were also administer-

v

ed to assess the patients' ability to match wholes to wholes or parts to
parts, The overall results indicated the left hand superiority in com-
pleting the tasks on the experimental part-whele matching tasks,” The

two hands were found to be equally efficient on the control tasKs. Thus,

it was concluded that the right hemisphere excelled the left in tasks

involving part-whole relationships. - .
~ ‘ -
-In his second experiment, Nebes (1972) introduced more complex stim-
» ) ' ’
uli, Instead of the previous preséntation of a piece of contour, the

whole structure of the stimuli were presented, but in fragments, The

patients' tagk was to perceive the relationship of the pieces of the
stimplus’to ‘the overall structuré of the stimulus, Again comparison of

&

¢ 1Y
4
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‘ ™ L8]
. Fig. 3.5 .
(From Nebes, 1974)
AN

. L Y
‘ (a) Somesthetic-visual '
(b) Visual-somesthetic
(c) Someqthetic—somesthetic

& b o
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experimental and control results indicated left hand superiority, Ob- C

¢
-

viously, the right hemisphere supegceded the left on thég;’;asks. In '
order to-gain further ev;dence, Nebes (1973) conducted.another study in -
whi;h the part—whole‘phenomenon was investigated based on Gestalt prin~ . o
ciples of perceptual organization. The peﬁiormance of the patients ds .

a whole provided &dditional support to the right hemisphere superiority

B x
in spatial configuration tasks, On the basis of his experimental re-

sults, Nebes (1974) summarizes: ' . - .

In man, ... the prineipal locus for this part-whole g?
closure type of prdcess is the right hemisphere, a
faect which is consistent with the previously stated ° .9
models of hemispheric operation., The usefulness of . . v
such a perceptual ability is obvious, as it permits

the formation of a concept of the structure and or~

ganization of the environment without the ngcessity ’ )

of subjecting the entire sensory input to a detailed

analysis; instead, predictions can be made from the’

partial data %available according to some innate or ' . .
learned perceptual rules and transformations (p. 163). - ’

Y

PR Y T

Hence, it can be seen that the right hemisphere has an important

[y

. . ‘
role in our spatigl abilities, As Sperry (1974) states: "... it ap- ;

12
pears that the minor hemisphere can readily learn and remember such

s a

th%ngs as spatial relationships®and related sorting a?d assembly tasks."

- N
uro-

o S T

Under ordinary observation patients who have ur;dergone conmids
tomy apﬁ;ar primariiy to be dominated by the left héﬁisphere. There-
fore, their right hemispheric capabilities remain hiddén, uniess spe-
cific tests are administered, Largely due to lingulstic capabiljties,
the left hemisphere dominates and the right mute hemisgzere re@gins a
silent partmer, Lack of verbal expressign 1eave; the minor hemisphere %
relati;ely inaccessible to digect investigation. Hence, tests requiring . %

nonverbal means of responsés serve as tools for finding out more about

this "silent partner". It has been shown that both hemispheres mneed not

o -l ay £ B R At Pl .
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; Ve additional iuformation concerning emotiona

'
v H

"plain his behaviour -(Lishman, 1971), An intriguiAg example related to .

-

[y

¥

necessa;\ly operate together-in bringing about lan ‘emotional response

(Liahman, 1971), The most striking featufe is the ablility of the right

‘
hemisphere to trigger an emotlonal response to the appropriate stimuli

entering it with the 1eft3hemisphére being entirely ignorant about the

- -
i A -

pr6CESSn Evidence’ clearly irMlicates: that emotion-provoking stimuli

. 3

enter the right hemisphere ondy, and the patient |responds with the ap-

-

propriate emotional reaction, However, the patient is not able to ex~

13

‘emotional reactions is- scribed by Sperry and Gaz aniga (in.Lishman,

M . T . . o
1971); ° ‘ - _ y \ )
i The minor‘hemisphere also shows emotioqal\reacqions .~
. in response to pin-up shots, For example, one flashes
™ a serles of pairs 5f pictures to right and left visual
fields and the subject reads off the names&.but .only,
‘of course, for thode that appear in the right half-
field, Into this series Qf palred presentations of
triangles, umbrellas, horses, hauses, clgars, and : ,
other’neutral stimuli one then flashes a vivid pin-up
»  shot of .a nude that'projects into the minor hemi;phare v
only. At the ‘same time a tree or-horse or dome such )
appears on the right side. The subjectxpayd of o
course, that she 8aw a horse - with no hesitation,
But then you notice that a kind o{ sneaky grin has
begun to gpread ovét the subject's 8 féatyres, and even
the tonme of woice changes. This- emotional effect then
carries on through the next severdl ¥rials. If you
ask her.what she is grinning at -she’ do&g .not know, and
says, "Oh, that light." 1In this situatioy retall that
the major hemisphere meang‘me is going along in paral-~
lel gnd is calling the corfect names of these objects
~ in the right ha‘lf-fieid (p. 183).

[

. "

) . Thﬂ& 5; ia abundap;ly clear that althouéh the, patient recognizes
. ¢
that an emotional _response has been emitted, she.is unsble to provide ;-

verbal explanation for its cccurrend%. Gorden and Sperry (1969) provide

-
# o

»
i

tients baaed on their atqdy of ¢olfactory perceﬁtion. Olfactory percep-

1 reactions in aplit—brain pa-

-

oo o . '.
tion may be limited to atsingla heiésphere wheh stimulation ig restricted

- S
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to a single nostril after the split-brain operation, Hence, odours pre-
seq;ed to the right nostr;l and registering only in the\ﬁute hemigphere |,
* A
cannot beiverbally identified, though the patient can‘point out or iden-
tify through touch the right asscciated object. In ome particular “pa-
tlent, the affective as well as tﬁe olfactory component seemed to be
totally limited to one hemisphere., In response to strongly unpleasant
odours presented to the right hemisphere, the patient expressedfv;rious
signs of physical withdrawal from the stimulation, Yet when asked about
the stimulh;, the patient reported it as "water" because of his inabil-
- - ity to smell it, His reasons for withdrawal behaviour vere not given,
exéept for saying that it might have been stimulateéd "unconsciously",
‘o Another subject did show somé awareness in the left heﬁisphere when

unpleasant odour was presented to the right.nostril, However, the

. awareness was limited to naming the stimulus but usually restricted to
o .. chbosiﬁg 3ﬂ§/;;;zéasant odoﬁr. Vélso, differeﬁtiation between various
. .’ R unpleasant odours of a»pafticulaf series was not found to be significant-
)
" T ly above the chancé level, In a nutshell, the left hemisphere received

. informhtion about the general affective properéy of olfactory stimula-

‘fx—. ¢ tion to the right nosgyil, but the more important olfactory component .

" :&g ’f:»remained under the control of the right hemsiphefe.‘ . ) W

- - - »

In another situation when,the patieht was instructed to abstain

ir. } , from pvert responses to distasteful or other stimuli, the unpleasant .
“A 'Q-»‘ . % . ] * . N
- P odours wtré’vérbaily identified as "water“, regardless of the fact that . e
“ a » ' e, -
L N othex- evidence indicateﬁ'hat the r;tght hemisp‘here had perceived and
a Pl P , » -
& 4 . n N » 5
5o CoL identified the odoupg‘corrgctly. Henqe, iu was confirmad that transfers ‘ é
%’ - . v oo M - . co. D )
oy e of eyen the slightest awareness of the 9%factogy stimuli to the left’
) . ~ hemisphere gré~de§eﬁdenﬁaupon the fepdback from-peripheral responses,
. v . . et . " - .
te ; N LI S oee N , L Y .y . -
-4 3 . N r . LS
L) 3 e '
* e ' * / .} » p. ‘
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Suppression of all peripheral expression of emotion hinders the transfer
of information to the left speaking hemisphere., Thus, there is no affec~

tive awareness in the left hemisphere, These observations in the commis~

[V »

surbtomized patient certainly point to the importance of the right hemi-

sphere in emotional reactionms.

All evidence in the literature so far points towards right hemi-
spheric superlority in processing emotional stimuli. Some of the right
hemisphere features make it especially equipped for handling affective

stimuli (Ley and Bryden, 1979). Earlier, Semmes (1968) noted that sen-

~

sory. and motor capacities are organized differentlv in the two hemispheres

of brain-injured subjects, These elementary functions are focally rep-

e \
resented in the left hemisphere and diffusely in the right. The focal

- r

representation involves an integration of similar units and hence spe-
cializes in functions that require fine sensorimotor control, such as

. ' S, . . .
manual gkills and speech. On the other hdnd, diffuse wrganization in-

»

volves an integration of dissimilar units and thus equipped for multi-

A

modal integratio?, such ag different spatial abilitles, Thus, if it is,
proposea that an experience of emotiop implies an integration of informa-
tion from both sensory and motor units then the right hemisphere is best
;uited for dealing with emotional stimuli (Ley and Bryden, 1979). The
right hemisphere is often referred to aaf"holi;tic" by several investlga-

tors (Levy, 1972; Ornstein, 1972), As Ley and Brydem (1979) conclude:
1)
"... synthetic and integrative characteristics, a'
sholistic and gestalten nature, and imagic associa-
tiohs are three features of processing affective |
-material that would differentially favor right hemi- -
spheric mediation of the task (p, 137), o

In a nutshéli, the right héﬁisphere possesses distinctive .21'0:!."3::!t::teaa,'w..~

ta process stimel} involving visuoaspatial.capabilities and affective

r)

material, It has the ability to integrate information from various

0
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sources and respond in a holigtic manner,

. -~

The concept of conscioudness remains one of the most -intriguing and
puzzling ones in the human psvchological domain, JIn faut thexeontrover~
sies, surrounding it are mainly due to differences in opinion with regard

to its definition and the recent advances in the field of neuroscilences,

S
A

Upon review of the literature in the field, one finds that consciousness
has beeh equated, for example, with subjective experience, language, .self-
awareness and self-recognition., More broadly, it not only includes’
'physical awareness' but the whole realm of complex mental functions in ,

man, The higher psychological functions are ﬁigﬁly,complex in structure-

»

and social in origin (Vygotsky, 1952; Luria, 1966a, b, c, 1970; Lu}¥h et
al,, 1970). With the gradual progress in the field of neurosciencee, we

have learnt more and more about the intricate nature of the brain., As

new facts are revealed, new questions arise about its Functions, More

“

specifically, split—braip operations have enabled investigators to explore

behavioural phenomena such as consciousness, As Gaizaniga &i972) témarks:

"The .behavioral consequences bf .sectioning the cerebrel commissures raise
- . . . = ©

fascinating questions about the physical basis_of conscious behavior,"

N

By and large, results of split-brain experiments on human patients

N

- - v
confirm that normal conscious unity is disrupted after commissurotomy
and the patient is left with two minds - mind left and mind right
(Gazzaniga,,1970 Sperry, 1966, 1967, 1968, 1974 1976). The two co-

exist as completely gseparatée: conscious persons (Gazzaniga, 1972) _The

"tio disconnected hemispheres pergeive and procesa stﬂiﬁii independently.

As Sperry (1966) summarizes: - o , i w - .
' . .t-,, .t

Everything +eo 80 far indicates that the (split—brain)

1

. . surgery has left these people with two separate hinds," - . .

that is, two separate spheres of consclaueness, ‘'What

’ [ ¥
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. is experienced in the right hemigsphere seems to be :
entirely gutside the realm of awareness of the left
hemispheére, This mental division has been demonstrat-

ed in regard to perception, cognition, volition, learn-
ing and memory (p. 299)

. B w

;Théabehaviour of“split—brain pagients guggests that capacities for #

@

perception, learning, and remembefing are duplicated within' each cerebral

) hemisphere (Dimond 1972) The differenca between éhé two becomes evi- .

-

dent in their que of responding. The left major hemisphere largely re~

sponds verbally and the right or the minor hemisphere utilizes non-yerbal

a

modes to process stimuli, Hqwever, the two Hemispheres have not been
- glven equal status by Eccles (1965). He likens the right hemisphere with

a computer: capable of complex acts of discriﬁination, recognition -and

-

* léarning yet devoid of conscious,experience. According.to him the cons
A
scious self is evi&ent fn left hemispheric functions. Thus he’ wnites;

y Y LY . <.
"the -conscious self, with all its linguistic andi§bphisticated behaviour-.

- al performance, seems to bé represented solely in the"dominant hemispherg
o ;

in* these split-prain patients." However, Eccles has made revisiens in his
N . & «

¥ . )
* " .

views ‘regarding the concept of conscibuenesé (Popper and Eccles, 1977).

He dogs attriBute /some degree bf consciousness to the right hemisphere
# *.., * "~

but considers it as different from self-conscidusness; Eqples,(1927)»

[} + d

»
. 'y ‘ev“ .

. 7 .o .
concludes: "

v . . e e .-
- - Commissurotomy has split -the bihemispheric brain into -
~.a domi:thnt heﬂisphére that is exclusively in ‘liaison’ .

* with the self-conscious,mind and controlled by it and’

' *  a minopr hemisphere that carries out many of fheiper- |

. . "formances previously. carfied.out by the intact brain,‘ X
buf it is not under. gontrol by’ the self~conscioqe SRS

e w ‘. minq veo-this is quite diffepent from the self—con— A <.-
i

a . eiogpmmini‘pf the dominaﬁt»hémisphere - 329)»

e f Thus, again ftqis evident that the«right hemisphere is-not given

*

“5gfcfe&it As¥an indtpendent ‘entity, .Due to the 1eft hemisphere 8 1inguistic

l
,
\ » ,‘_ -

s

I capabiliqy, it is coneidered to/tgﬂe the lead in'man .8 higher
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i
psychological functions, As Sperry (1974) commepts: . .r, ¥

. % *
. , Although some autliorities have been Feluctant ‘to - .
’ eredit the ‘disconnécted minor hemisphere even with
‘being conscious, it is our own interpretation based
* on a large number.and variety of nonverbal tasks,
' * that the minor hemisphere is indeed a congclous
system in its own right, perceiving, thinking, re- . -
- . membering,’ reasoning, willing, and emoting, all at )
) . a characteristically human level, and that both the
. . left and the right hemisphere mgy be conscilous-si-
s o, multaneously in different, even in mutually con~
flicting, mental experiences that rumn along in paral—
lel (p.’'11). \ '

s

4
The two hemispheres have been found to demonstrate little if ady
1 8 .
intermanual transfer o%*experience for obje?ts felt and show’totai in- .
I - . ‘ ‘
dependence in perceptual awareness for the two visual fie%ds under con- -

v trolled tests, Though each of the disconnected heﬁispheree is equipped

. - -to perceive the identity of a familiar group of objects), only the left ’ :'q
N . : ‘is caéable of a comprehensive qerbal report -However, the }ight hemi- l -
. . . -sphere.is found to be superior, forrexample, in dealipg ﬁith‘perceptuai by )
’ . ". tasks consisting of unfapiliar shapes (Trevarthen, 5.974). Pi-eiiowski . RO
;, .- ) k1979) ettempted.to test a certain aspect of consciousness Which involy~ -, o o -
) ' ’ ’ . ! ! - A

ed tge ability of self~reference by~rec6gnizing self-attribution or photo-
graph of onegelf in split-brain - patients. Qo an analysis of his -results

he concludes that it is ﬁifficult to deprive the right hemisphere of con- y

. sciousness just because it canmot talk, This hemiaphere is capetle of i S - o,

\handlingLe variety of'tesks_gughxas petceiving and memorizing withqut‘the

awareness of the left hemisphere, On an.examination ef -views on the con-

[ 1e
: - )

cept of consciousness, it seems ciear~that now there is largely a con-

A3

‘sensus between investigators :egandingsattribution of conscilousanesg ta ,
" * . '\\ ' - ~ 2 + 5
the, right hemisphere. The aﬁfﬁerence of bpinion lies in the Qegree of ) / .

importance amached to the right hemispher-e 8- consciousr‘esa. f coarae . l‘ W o

v . . N ew

. AR . N
. e there is stilI controveray as to what are the distinctive features of :
t ’ ° ' U‘ M ' J' . - ’ .
. R Y « , eom .. . et . - . N - ‘:
. Lot M o v % s s R . . e‘" ® . P - . L L .y
NS « 0t - T v D . N Co -
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. ' » .
consclousness, In other words, there appear to . be controversies sur-

®
*

* * rounding the determining factors of consciousness that attribute greater y,

+

~% importance to the left hemisphere, The range of behaviour amd psychola~

U N glcal processes considered relevant, to the demonstration of conscious-
N o .

ness is very wide, At one extreme Trevarthen (1974);includes "attention, . Cn

‘ . perceptuﬁl selection, spatial coordination, and patteghing of voluntary
- . performance", while Kimsbourne (1974) refers to ™a particular cognitive

e style, a manner of attending and responding selectively". According to

.

* “éazzaniga (1967) any cognitive fﬁnction can be iﬁciu@ed in the realm of
. : . consqiousqess. 6n the contrary, Ecclegi(Popper and éccles, 1977) has :
' . o been 1argeiy‘hoqbgrned with cpns;i:us sel%—awgrgqess while dis;ussing the ‘
. , concept, of consciousness, - R . ) '

e ’ & A -

- - ) Acdording to Sperry (1969) conscious gwarenesg"is teg%;ded as a

dynamic gmergent property of brain activity,'éblg to influence neural . -
. ' >

e - processes, arid hence different from and more than the elements from s , .
» cy which it emerges, However, Sperry (1970) feels unable to define in con-

M il

crete terms the exact organizational process involved:in consciqus eﬁ— » .
fects,” These are a few examples of just how the concept of comscious- ° . .
AY

ness has been dealt with in the field of neuropsychology. . “ \,

P

. . ' The dual anatomigal structure of the human brain and the presence e,

* v
3
« - - .

of two independent states of consciousness in split-brain pgtients poses

4 .

. s

an impoétant question: Whg; i§ the nature of'consciousneés in the~normalf v o
peréog? ‘ More spépificallj, it car be asked: ' Does cere;rél commisBurotomy .
U ;. produce a splitting or doubligé of theugiéd, ;r‘is it more coirectly«con; i ‘ .
. T , sidered a "manoeuver' résuiting:}n‘d éuali;yréxisyipé‘ofiginélly?’ Tie ' - §'
‘I: . : i&e; that Qpe;s persoffal é&hseibusﬁésé is.of the ;xtggnal world, and oﬁl' .

is aw;;% ofhe§éx§th;ng.present 4n %heienv}ronﬁent, is';é 1flusion. As &

. ¢ - 2

. w . .
. ' . . . ~. LA
» 1 ﬁ‘ Al
v o , ! .
v . - - M
Wt 5 -

*
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Ornstein (1972, 1973, 1977)'points out, that awareness or copsciousness v -

» [y

is seledged and limited, The various senses through which an individual .

gains information involVes a selectiVe process. The image on the retina,

’ 4.\ \' ¢ ~
-

for example, does not repreeent an exact copy of the external world, ra-

+

ther it undergoes a scanning and selective-process, Even at the most .
< M . ’: - : v
elementary level, visual expetience represents a congtructive synthesis - .

. )
based on past experiences,-expectation, filtering, awduning, Ornstein

3 . ! ’ i
(1972, 1973, 19773 distinguishes between two modes of consclousneds re- . .

lated to each of the two hemispheres. The specialization of.function in

.

each detenmlnes the nature of consciousness.- .Broadly, individuals fall ) . oo

w.y."k——
into two categories -~ one in which persons-tend to employ the 1inear,~ .

¥ ¢ « - —

" verbal mode and the other in which they are less verbal and more involved

-

in spatial imagery. Hence, scientists and mathematicians indicate the «

demiﬁance of verbal-rational mode ‘controlled by the left hemisphere, On

. . . * )
theiother’heﬂd, an artist or a musician points towards the dominance of a
" oo ey T . . : . \ . . .

non-linear mode‘controlled by the right hemfsphere. However, déspite o e .

' . *

the dpminance of one or the other mode.in a particular 1ndividual he .; « o
operatesg in both modes, In other‘yorde, nd person functions‘entirely \g_ o '
through one mode. The‘diff;reﬁ fiéé;ﬁnythe degree of inclinatioo~to- } .?
N -l <

wards a-particular mode of eo;sciousne S 7 " . : ;

, Bogen (1973) too bgliewes in-<two modes of ‘tonsciousness originating ‘ *
in the'two.heﬂ}spheres. He: refers to the left hemispheréiés_'yroposiyﬂ R
tionalf Enc the fight as.fﬁppgsifional'?,’The;lateralizétiod ot'fuoct hei ‘ g ' ;,.z‘
have heen euggestéd by. a ;;mbér of ihves}iéators - some"evec hefore the.' ;;\ ~;C& .
split-‘rainfhperatiqps'were uhdertaken:w‘Bogen.has*collecteé a whoie ., ‘Fbg"fuié‘

[l + g R

list o dichotomies with latéfalization which is given'in\Fi;WN? 6. . .0 f“é
While discossing the &ual qgture of the, cerebrum, Bogen (19733 concludee- “'.h .
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Dichotomies with Lateralization Suggested

- Suggested Ay

»

Left Hemisphere

- e

* Right Hemisphere

Jackson (1864)°
Jackson (1874)
Jackson~(1876)"

*

Weisenberg &

McBride (1935)

‘Anderson (1951)

-~ <Humphrey &

Zangwill (1951)

.

McFie & Piercy
. (952

Milner (1958) \

Semmes, Weinstéin,

Expression
« Audito-articular
f'
’ Propositionizing

Linguistic

\

(Storage

Symbolic or pro-
. positional

. Education of
relations

Verbal

. Discrete .

g thnt, Teuber (1Q60) .

Zapgwill (i961)

Hécaen,

¢

Ajuriagyerra,

. Symbolic °

7
Linguistic

Angelergues (1963) ‘

. 7(1965)

5

Levy-Agresti and’
'Sperry (1968)

* Bogen (1969')

., [S
J\Lipgen and Gazzaniga

Verbal

.

Logieal pr
. analytic
f

+.Propositional

I §

Perception
4
Retino-ocular

»

Visual imagery,

Visual or kinesthetic

L]

Executive |

Visual‘er imaginative

o .

Education of correlates

N ot
Perceptual or non-verbal

Diffuse

Visuospatiél

Pre-verbal

Visuospatial
v

*

L4

Synthefic perceptual e

A’.ositio 1 Y
.ap g&

JFig. 3.6

s
[

"

*

¢
'

»
P e ST R §
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Various kinds of evidence, especially from hemi-
spherectomy, have made it clear that one hemisphere

is sufficient to sustain a personality or mind, We
may then conclude that the individual with two in-
tact hemispheres has the capacity for two distinct
minds, This ¢onclusion-finds its ‘experimental proof
in the splite~brain animal whose two hemispheres can
bé trained to perceive, consider, and act independent-
ly. In the human, where propositional thought is
typically 1ateralized to one hemisphere, the other -
hemisphere evidently specializes in a different mode
of thought, which may be called appositional (p. 119).

Furthermore, a nariety of related dpinions from diffecent sources
on duality of mind have been compiled (Bbgen, 1973). The list ig given
in Fig. 3.7. 'Thus, it can be seen that though terminology has varied,
from time to time, the notion of two modes of thought has been propos d
quite often by psychologists. It is amply'clear by now that the two
he?&spheres are specializec fo¥ different functions and the mode of in— '
fornation processihg is different téo, Tne right hemisphere-yorks si-

multaneously*fhrough a mode complimentary to that of the ordere& sequence

‘

of logiCal thought, According to Ornstein (1973) the activities of the

right or "minor" heﬁisphere along with phenomena term‘l, myetical" have .
§ \

been largely neglected and devalued in the present technological culture.

.

He feels that the right hemisphere could prove "essential to our personal

and cpltural sutvival.™ - .. - . *\‘\\\\
- N » v B

The concept of _conaciousness has been also referred to as "bi- ]
. . Py
modal' ~ the action mode and the receptive mode (Deikman, 1973). The

action'node is considered as a state of,striving,‘ﬁirected towards the
: . \ ’ )

\ 2 , ’ . *
accomplishment of one's personal goals and avolidance of pain arousing. -

stimuli. This de develops gradually from the4Early years ‘of life )

-, . \ 3

through interaction with the environ&ent. 20 the other hand the xecep- :

~ . . ¥

tive mode ig oyganized around inteke from the epvironment and aims.at T

e
v
-
-
-
~
.
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Dichotomies Without Reference to Cerebral Lateralizatiom

\

Suggested By

Dichotomies .

Atomistic

C. 5. Snith ) Gross
Prices Analxtic or reductionist Synthetic or concrete
Wilder Humer%cal Geometric \
Head \Synbolic or s;stematic Perceptual o} non-verbal
Goldstein ' “ Abstr;ct | Concrete
Reusch ) Digital or discursive Analogic or eidetic
Bateson & Jackson Digital . Analégic
J.. Z. Young Abstract T Map-like a \
IPribram bigiial ‘ . Analogic y » v
‘W. James Differgntial,l ' ﬁxis;ential e
.Séearman JEducatiop of relations ”EQucation of correlates
Hobbes “birected Free or unordered
Freud (\‘SecOndary-process Primary process R
_Pavlov U .Fecgnd %ignallkng ‘ First signalling
S;cﬁenov (Luxia) §ugpes§§ve - Simultaneous '
Levi—Stgauss Posiéive ;. Mythic .
‘B%yﬁer Rational o . Metapporif
Ak;ilananda : Buddhi» | ,‘ ﬁanas o
" Radhakrishnan ..  Rational . Integral .
R N 2N
,‘ . " k Fig. 3.7 ‘ * ) J
. I Y ¥ (Frip Bogen, 1973 ’ is A
) oLl !?'
. s ’ ¢

et
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maxipizing this intakei It tends to originate and function maximally

in the infantile state, However, the receptive mode tends to be domi-
nated by the p;ogressive development of the action mode. Since language
- is regarded as the very essence of the action mode, it obviously gains

. . - priority. The choice of mode is largely determined by the culture to

- c . e

which an individual belongs. The action mode seems to dominate the

consciousness of western civilization. To Deikman the often neglected
N %

. mode (receptive in his terms) is an essential component of man's highest

capabiii;ies and is desperately needed by our present society. Thus

LY a! .

Deikmanm (1973) comments:

¥

-

The action mode has ruled our individual lives and
our national politics, and the I~It relationship
that has provided the base :for technical mastery is
now the primary obstacle to saving our race. If,
however, each person were able to feel an identity
- with ‘other persons and with his environment, to see
: %imself as part of a large unity, he would have of
that sense of oneness that supports the selfless
*, actions necessary to ... minimize pollution, and
.end war. The receptive mode ,., is the mode in .
which this %dentification =~ the I-Thou relation-
¢ ghip -~ exists and it may be needed to provide the
: experiential base for the values and worlgt view now
“ needed so desperately by our society as‘§§§hole
.o (p. 85).

According to Hilgard (1977) to limit consciousness to verbal behav-

iour only is "to deny that the words refer to anything of substantive

. \ interest,"” Mere utterance of words may not fully convey the whole con~
scious experience, In ortler to explain consciousness, he sktakes iqnto .
" . v ‘

TR . account the differential functions of the two cerebral hemispheres. An

¢
-

2 important point to be:takén into account while considering the concepg‘
" " - 1 .
of consciousness is that there is also a layering of the brain in a high~

' - s

*
er-lower division. Hence, Qe concludes that divisions of consciougness

Al
'

o '/ cannot be explainéd in terms of hemispheric differences alone., For our
1 4‘ . ‘
' /

«

[t A



present purposes, however, it is not considered necessary to explore fur~

-

ther into the higher~lower dimension of the brain.

A distinction has been made between the phenomenal contents of con-

L4

sciousneég and the conscious context or consciousness per se (Globus,

‘

1973). Anything that an individual is aware of is congidered to fall

into the category of phenomenal tontents of consciousness. In marked
i’ ' " » ~
contrast, consciousness per se is independent of the content of awareness

and is extremely difficult to convey due to lack of appropriaté words.,
Globus identifies the phenomenal contents of c5nsciousness‘with the neu-
ral evenEF of the brain, while consciousness per se is attributed to an
intrinsic organization which-takes place within «the brain., Hence, con~

* ¥
sciousness per se is not identified with the neural events of the brain..

+

Various decisions taken by man in his day to day life seem to involve an

3

intrinsic capability of the brain,

A .

From the above it can be seen that the phenomenon of consciousness =

is very complex in terms of its contents, In fact, this makes it more

.

difficult wﬁen dealing with unicity versus duality of’'consciousness in
* J

the normal brain. Duality of consciousness in the gplit~brain is no more

a hastér of controversy, Eviderce for duality of minds after hemispheric

deconnection has not only been oﬁtained from somé-striking clinical cases

“

ferené species by a large number of investigatérs,around'the world., They

all seem to agree unanimously on the independent functioning of the two
)

" gseparated hemispheres (Bogen, 1977)., The important conclusion here is

that complex continuing functions can occur in both major and minor hemi-~

spheres, independent of the definition of consciousness, “Lack of verbal

v
N ¥

report about tﬂé mental processes In the right hemisphere does not make

-

and shrgical patients but from split—ﬁrain experiments too with-many-dif-

H
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IS
it less important. However, it was only after Sperry, Zaidel and
Zai&gl (1979) had reported evidence of self-recognition and social aware-

ness in the minor hemisphere that the right hemisphere gained added at-

2
i

(tention and support in favour of an independent state of consclousness

-

comparable to that of the Jleft, It has been demonstrated that gelf-re-
cognition is an indicator of comsciousness.' Here it is imporitant to
note that although man is the only animal so far with natural symbolic

language Eunctions, he is not the only animal possessing self-awareness.

Chimpanzées appear to have self-awareness as indicated by their abil%py
to recognize themselves in the mirror (Gallup, Jr., 1970, 1977), Initial-

. . D
1y when exposed to mirrors, most animals equipped with visual sensitivity
K -

respond o their own image as'if it were the image of another animal,
But after prolonged eprsure to hirrors, some animals seem to learn to

. ’
recognize themselves and ceage to respond socially to the image. This

o -

is what probabh)\occursﬂin,man. So far chimpanzees and orangutans seem

to-be the only oges besides man who are capable .of self-recognition as

»

-t -
demenstrated in the mirrer self-recognition tests.

Sperry et al., (1979) in ir exp&riment utilized a special kind of

\ L5

S .
¢ tecnnique in whigh the patient.was fitted with a scleral contact léns
N . -

on his/Hen,domiﬁant eye, The,scleral lens consists of a small .
.optical gystem with an opaque screenvin the focal plane of the visual

‘ .
field of vision. +The experimentafﬁhrrangement is given in Fig, 3.8,

This procedure allows the experimenter to restrict the visual input to
the desired hemisphere with a prolonged presentation of stimuli to al-
I AN *

low free scanning movements of fhe eyes, Two commissurotomy patients
" Qﬂg and LB) were chogen for thisg experiment because they appgar.to have

: : N array of 4
had jthe least damage to extracommissural systems, A choice array of 4

v -t
to 9 cards containing photograpMs, pictures. and ling drawings were,
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presented at a time. Audiovisual t;pe recaggings were ﬁade of the sub- .
£ v
‘jects' emdtional expression and verbal comments, An excerpt from re- |
r
‘sponses given by LB to one of the tests makes it clear that’ the right
hemisphere is capabie of social ajareness, LB was presented wiqh an ar-, -
B ray of four pictures of people for examining with ;he visual input re- ‘G““
. stricdted to right hEmiSpbefé. He was instructed to point to any JEbture )

L . . -

he recognizes with his left hand. He points to the picéur% of Hirler and .

\\ - a * ‘ ) ’ 13 "
o~ : %Pdicates his disapproval with a 'thumbs~down' sighal with his left hand.
» & N ~ E] R

. - .Now the speaking hemisphere is asked to guess whose picture did he see.
H Y ’

® . « ‘
As reported by Sperry, Zaidel and Zaidel (1979):

A L]
.

. Ex: !MThat's another *thumbs—down'”" ’ . .
. LB:. "Guess I'm antisocial," (because this was his
. third consecutive lthumbs-down' L)
Ex: "Who is it?" . o :
- ° LB: "GI came to mind, I mean ,.." (subject at this
. point was deen to be tracing letters with the £irst .
finger of the.left hand on the back of his right hand) S
Ex: « ""You're writing with your left hand; iet's keep :
' . ® the cues out," '
LB:, "Sorry abdut that," . v
to Ex: "Is it someone you know personally, .,. or from ‘
! s entertainment,-,.. or histprical, or ...?" > ﬁ

LB interrupted and said " istorical " v !
Ex: "Receint or ...?" ’ .
LB: "Past," - ~ . .
: Ex: "This country or another country?" .
. LB: - "Uh-huh-okay," g *
* Ex: "You're not sure?"
LB: "Another country,.I think," - .
.o Ex: ' "Primte Minister; king, president, ..., any of them?" .
.LB: "Gee", and pondered with accompanying lip movements .
, ‘for several secands. v .
N Ex: pgiving further cues: 'Great Britain$ ....German,}'?"°
. LB interrupted and said definitely "Germany” and .them |
after & slight pause added "Hitler" (p. 160), ° 3

>

An analysis of ‘the above demonstrates the right hemisphere's cgpabil-~

>

ity of identification withoﬁt the ald of cues from the left hemisphere.

This appears to be at par with the ability of*the left. Inaéb far as .

self-recognitidn and -social aé!&eness are indicatoxs of conscighsneéé,
a ¢ t B Y

L]
° o 7 N a I3
$ © 2 I 3

f o « " - . a ‘h#
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there seems to be no doubt that the right hegmisphere’ pussesses conscious—

. . S ‘
ness. Also it appears to be engaged in analysing the verbal'cues, As

[

Sperry et al. (1979) comment: Tﬁowever to entapgle the various éléernaim, "

3 k3 @ + N
tive possible mechani§ms that may be at work will require more amalytic
data than is currently avallable," However, this much segﬁé appareﬁtly

clear: that both the left hemisphere and rigld hemisphfre play ipportant
% "

°
<

roles in higher mental functions =~ consciousness., |To ignore Qne or
’ N

¢

the

’ ¢

other is not justified, Under normal conditions the two wqfk.in a co- "
. N o o

ordinated manner. According to Ellenberg and Sperry (1980),.attention is

normally limited fo a unitary focus and the cerebral 3%Pmissures are
} * ' , u
responsible for keeping the two hemispheﬁes functioding as a single unified
i . ‘o

attentional system; though the role of tﬁe cerebral| commissures is still’

far from‘being agreed upon among #he investigators In the field,.s -
~ . R "Qf -

The question of mental duality "has gained much lattention in the

.

- . [

a righﬁ or a left hemPépherectomy leaves one condeious person or-self,

¢ @

~ 3

N - ., 7 g
then there must have been two originally in the intact brain, Thus, two

o

coconscious persons exidt in the normal brain. His view is opposed to
. . . ,
what 'Sperry (1977) statés, that “consciousneds and the conscious self (afe)

normally siﬁgle and unified, mediated by bré&n processes that typically .

i »

involve and span both hemispheres through the commissures,' - This is based

* on the view.that there is a single mind in the intact brain which becomes

.
* +

1



two after cmnm:ii:iét’n:otmn.y.k Puccetti (1977a) poses an importantt question:
) .

’

"Which mind qr<ée1f is the new, additional oneX _The mind oy self hased,
S . ) e ) < \ . [
in the left hemisphere, or the mingd or<self based In the right hemisphere?

. How does one choo¥e between themf"

N

- u
to it, Puccetti's (1981) claim is_that Fhe mind in the normal brain is

There appears to be ne clearcut answer
g+ N

1
unitary in its functioning bit that there are two of them, each receiving

sensory input from the other, Thus, the author feels that it is not a
. ., i ) \
question of unfty in functioning that Is being disputed, but rather the

k3

€ o * R
- issue here is of 'onme or two minds' in.the normal person. At present the
- N R - ; ' * b
issue seems to be far from a solution unless an attéﬁpt is made to test
o8 . L4

.

‘ Puccetti's (1977b) progpsei hypothesis.
On looking back, it seems very difficult to gemeralize the find-~- - 7

F 4
ings obtained from limited split-brain experimeﬁts to the normal human .

. . AN .
being, Not only that, much more i{s yet to be learnt about our complicat-
)‘

t
« iy

- N b
“ed three’ and a half pounds ®f gray matter. However,experiments on nor~*

fial individuals using EEG techniques and’dichotic listening tests might
v . 1)
> . $,

. provide some angwers to the question of duality of consciousness in the

t -

. 4 . s v 1 «
brair. An important achievement has been made to the extent that the

N .
long-neglected mute hemisphere has gained much attention in recedt years.

- h +

We are begiﬂhing to realize its importance in our mentdl life. s Robert

~ L

Ornstein has repeatedly remInded ug, its value lies in’governing qualities

long undervalued by Western cuf%ure. As Goleman (1977) quotes, Ornstein's

[ Pt

claim is that the right hemisphere could prove "essential to our personal °

and cultural survival," . In summing up, %he'author is reminded-of the

. »

phenomena of altered states of°cqﬁsciousness discussed by Tart (1973), -/

Although the concept iq§ﬁlf falls outside the scope of this-thesis, it is

o

worth noting that in the quest’ of scientific achievements, (left
, s ‘ % [

# N >
.
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O e
hemiispheric fi'ktion) we have lost track of Sirsélves, Herce, Tart
. « 13 - - S

{1973) pfgpgsesithe developqpnt of state-gpecific sciences %hat might

h
lead us ¢oWagﬁs gaining real knowledge about ourselves, As Tart (1973)
# . e . ?
puts "Lt: hd & LE . ’

° .

3

A Y . . @ - .
Our . imhense” Success in “the development of the physiuai

’,P\ dciences has not been particularly successful in formulat-

ing better ‘philosophies of life, or increasfng our real

e knowledge of- ourselves, The »sclences we have develsped

4 T to date are not very human sc'iences. They tell us-how
) to do things, but give us no sciéi%ific insights on

. gquestions of what to do, what mnot

1 things (p. 59-60). S

-
e &Y. 4
» » a $
» Y .

o do, or why- 4o do..
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- ‘The discoverv of cerebral aqvmmegi% was made in the vear 1836 by

e}

‘ v
Mare Daxs though it was not until thé latter part of the ninetventh cen-

L

tury that it was recognised. On’'the basis of his experiences with pa-
- / . ’ e
# tients suffering from loss of speech (technically knewn as aphasia) fol-

) lewing brain damage, Dax (in Springer and Deutsch, 1981) presented a
", . " o - .

paper to the medical socme%v meeting in France, The central themefof

) hgg’ppper wh; that each half ;f %Pe brain is responsible for different
'fﬁnctiohs. In more than 40 patients with aphasia, Dax observed signs of
) éaﬁage to the left half ;f the g;ain. Hence; he éoncluded speec@ is con-

& » o -

trolled by the left Hemisphere, He died the foflowing year and his find-

3

ings remained forgotten until Broca's iscovery-bf-fundamenyal brain

°

dsymmetry in 1864, Hence, Broca obtainéd the credit for beihg the firsg

)

* person to bring to the attention 6f the medical community as a whole the

asymmqérical feature of the human brain with regard td spgggﬁ.’ Also, he

s o A’,* s o

bas‘tbe first, to link the asymmetry with hand’ preference, While empha-

! sizing the importance of the left hemisphere in ‘speech in 1864, Broca
[
remarked: .
I have been struck with the fact that in'my first "

aphemice the lesion always lay not only in the same
¢+ part of the brain but always the‘same side -~ the
left. Since then, from many postmortems, the +lesion :
was always left sided., One has also seen many aphe-
* mics alivefmost of them hemiplegic, and always hemi-
plegic on the right side. Furthermbre, one has geen
5 - at autopsy lesions on the right ‘side in patients "who
had shown no aphemia, It -seems from all this that
the faculty of articulate language 1s localized in
. .the left hemLSphere or‘at least that’it depends
chiefly upon that hemispheré (in Springer and Deutsch,
198%, p. 10).-
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Thgs, the earliest and most convincing evidence of -functional asvme -
. A, ¥ ﬁ- ‘(: - a
¢metries was obtained from.clinical data of patiénts with brain damage.
£ 4

The study.of anatomical asyrmetried in the human brain had <Farted in

a

the Tatter part of the 19th centuty, but soon got entangled with phys-

iolog& and cerebral dominance (Bonin, 1962), However, towafds the end

N “«

> » o " .
of b:s”bgth century. it became well accepted all over the world that the *
» twWo 1qmispheres'are very different in their functions, though thev appear- -
. ' " 4 " 3 N
ed grossly sympetrical. The left was -referred to as the "dominant hemi-

s 1

> 1y . > .
, sphere”'due to its control of languagesand by a curious extrapolation,’ »
’ Q . ) . h’:

it alsp came to be regarded as dominant for all complex cognitive func-

.
- < Al

tions, The left hemisphere was ?onsideéed imporggntﬁin interpreting @
fenggfg input and planni?g a?d(pontrolling,behaviour.‘ The right ygs‘re—
garded as é.ﬁere re;ay,étation. “The righg hegisphere was considered to ‘
be regponé%ble for controllding élementary sensory and motor fynctibns.

v
»

Since these were known to be represented in mirror-image fashion in the

two hemispﬁéres, the right controlled the left side dJf the body and the

\ left visual field. The physical symmetry of fhe'gwo hemispheres were

-

considered in line-with the general left-right symmetry of the human

", body and, hence, the study of anatomical asymmetry did not receive much
Rl - ‘ N q

atteﬁtipn in the medical field. As the concept of cerebral dominance .

’

gained popularity, evideﬁqf of épeéiaiIZeq abiliﬁieé in the right hemi-

LY

18601 s Hugtilings Jackson came

t

sphere also began to appear. Around the
A -~ o

»

to realize that the extreme, one-~sided.

1l

. . . v
gw of the way.mental functions

N

were localized in the brain was false.

, Jaéksoﬁ (1958) writes: '"{f

erce that the 'faculty of expres-~

¥
,

then, it should bé,proven:byﬂwider expe
. . - . L '
sion resides in one hemisphete, th no absurdity in ra#sing the
,*3 ! - SN
" question‘ds to whethér perception -~  its corresponding opposite -

L
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i mav he seated 1n the other." However, his vigs were largely neglevred

* 2

until,épout the mid-1900's when data from clininal patients with well—

laterallzed right sided lesions indicated severe spatidl and other’ per~
ceptual dLsorders (Milner, 1971) .. T . . ) ‘

i A
Although clinical data on the asymmetrical function of the human

v y,

brain have been available in the medical literature for over 100 vears,,,
Y . 4

current revival of interest in the two hemiqpheres of the brain can be

traced back to the early 1960‘s when tgf\phenomennn of the "splmt—brdln

operatlon was discovered by Sperry and his collaborators: The.so:ce}led

A Eag

PSpligrbrain"'patients provided the bdsis for an in-depth exploration of
the higher mental functions in the brain. Ihenrechniqmacﬂf'1atefa1£qaé
tioit' of stimuli to one hemisphere was developed, Special apparatus.(as

discussed in the preyious* chapter) was developed to réstrict detajled
1 ( - -

. ‘. sensory ipformation to one hemisphefe at a time so that’specifié‘feapures

[

, ] . ) U
and limitatiens of the two hemispheres can he noted independently. Qne

. .simple way to achiéve lateralization is.to allow a plindfolded patient.

"feel an object with éne hand at a time, When the split-brain patient

A

g PR

T

‘feels the object with'his right hand (left‘ﬁémisPhe%éi; he.experiences‘ o

.
' no difficulty in namlng the object. However,cwhen allowed to feel with

3

his lefc hand (right hemisphere), the patient is unable €0 hame the

- PR v .

object although he* is capable of retr1ev1ng the object.from a nuﬂber of

a

N other objects out ‘of sight. Thus, the 3plit—brain studies revealed the

two different modes of operation of the two disconnected hemxspheres in

‘the same 1ndividua1 ‘ . . N R

p o .

o

In the 1930'5 and 1940'5, two hlghly specialized neurosurgical tech~

» 't‘_a N

niques were develnped to" inveStigate hemmSpherlc asymmetry'bf funotlons.
w

" While engaged- in the treatment of epilepsy An gatients, Penfield and his . .

¥
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assnciatESvpioneered remnving the hrain tissue.where abnormal activity

- =%
was located, However, thev were hesitant to uﬂﬁerﬁhke cases in which

’ ¢

re?oval.of the, tissye was found to beﬁvery clese to the brain area conw~

¢

trolling language for they wanted to avoid the risk of'snbstitﬁting s

o v -

:

b
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‘aphasia- for epilepsy, As Penfield and Roberts -(1959) write: . to-
,k a

N B - Fa -

Twenty~five years ago we Were embarking on the treatment L
of focal epilepsy by radical surgical excision’ of ab-

normal areas ¢f brain,® In the beginnihg it was our ‘.' T
practice tdrefuse radical opération upon the dominant e
hemisphereﬁunless a lesion lay antE;iorly in the fromtal

. 1obe or posteriorly in the occipital lobe evn ‘'we feared. -

. * that removal of cortex in_ other parts of this hemisphere.
_would produce aphasia, [The] aphasia literature gave
%o clear® gulde as to just what might and whax might not
be removed with impunity {p. 103). ;

— e . - ~
v . s o .
A .
P B - 7

Obviousl® a technique for détermining the exact 1ocation, of the
centera e;ntrolling speech and language in each patient was urgently .
needed’ Hence,‘Penfield and his associates developea the tecﬁniq;e of:
mapping these ageas With the ald of direct electrical stimulation‘of‘ ?

. <

" the-brain before surgery., This method of dlrect electrical stimulation.

4 -
‘ . .o . } : kﬁ o

was mot a new procedure- for in the “eaﬂrly 1900's preliminary wotk had
- ’ J ) - 4 !

o

»

L3

demonstrated "that ‘since the brain itself does not contain pain receptorsy.

4 ! : N .
~

it was possib;ebfor a patient ‘to remaigéfylly conscious while a neuro- )

I3
P B

surgeon removed a flap of skull under local anesthesia ané ébpiied smail,

>

’ .
-

. ellectrical currents directly to the’ brain surface. Electrodes could be

B “ S N *
. - - »

:© . * v A
" placed-on different points in the brain and, thus, noté its effects in .-

+ feel iﬁ.éndelementeqy manner, Stimulation of othet parts resulted in
, : ’ * - v LR ]

¢ ifvoluntary motor responseg such as' the movement of -an arm or leg. Thus,

m MRS - ' .‘ ‘A 1 ! 4 h ° )
the patients' behaviour, It became-apparent that electrical stimuliition
ofiSPEEiﬁic.ﬁarts.of the brain can lead patiedts to+see, hear, smell, or

B . . ,\,’ . L . e R

L

ot
-
N »

A the.importaﬁt‘eontributioﬁ of‘the‘Mbntréal Neurologlical .Institute group
A - . A

3
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. . . i
was in utilizing this technique to locate precisely the centers control- ’

E]

”

-

ling speech and language in a particular patient. Locatlon of speech

. and language centers in the left heﬁisﬁhere is ‘given in Fig. 4.1 by

-

A

Penfield 4nd Roberts (1959).. ' <

¥

@

The other test utilized to determine, different pental functions with-

in each  hemisphere was the Wada test, This test temporarily anesthetizes’
s - S
one hemisphere at a time on:separate days to find out which one normally

L1

_controls the ability tb_speak (Wada and Rasmussen, 1960), A.small tube

' is inserted into the carotid artery on one side of .the patient's neck.

§8dium amytal is-injected into the, artery, The carotid artery on each

[N -

side brings blood to the hemisphere on the same side and, hence; sodium
» P * E . A

amytal injected into the right artery is carried to the right hemisphere.

A

v

The effect is that one half of the brain is.put to'sleep at a time so

o .,

“ \that the f@nctions of the other awake.sidp are examinéd. The above
3 two'techn§qugs have served as v;lﬁable tools in obtaining information
iabout lﬁé reihtionship‘of handed;ess to hemispheric ;symﬁetry and also .
'_'ﬁhé éff;cts of early damage on asymmetry.wﬁlt has been determined that
-

the left hemisphere controls speech and language in over 95 percént of

s
.

¢

4 -y : . . : ! T
all righ®hf¥nders who “haye no evidence of early brain damage, The rest
. . 5 . M > r -

have 'their speech centers in their right hemisphere, However, a majority

. of left-handers (about 70 percent) too have their speech centers -located

. in the left hemisphere, About 15 petcent’ of left-handers have speech in

the right hemisphere and 15 pertent or so indicate bilateral speech con-

t

trol (Rasmusgen andxﬂﬁlner;a1927).

N

’

In a review of Qeqispheric specialization’studies, it 1s noted that

e
I ! . hd

) until fairly recent times, 1nvestigation§ into the nature of hemlspheric

specialization of'function have depended largely on examination of ’

‘_ ! [
3 A LIS
. ‘
“

- - e - ——
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behavioural. deficits resulting after unilateral cortical injurijes such

) - R
]

as strokes or surgiéal excisions (adden and’Nebgé, 1980), The most *

'
-

frequently used experimental approach utilizes a compdrison of perfor-
Y i:' ' - ‘ Y
mance ont a givenstask by two. groups of patients: one composed of pa=--

tients with right hemispHere damage and the- other with Yeft hemisphere .

damage. Any difference noted in the performance between the- two groups .

* e

- . , - « @ .
has been interpreted as an underlyiqg difference in-.the relative contribu-

. L ]
- -
tion of the two heg;sphgffs to the achievement of the same task in normal
a .

- M A ’ *
persons, In other words, if individuals with a lesion in one hemisphere

s
» v ]

do worse on a tgsk«as compared to persons with lesion inh the other hemi—'

sphere, it is concluded that the first hemisﬁhere.must have a more impor-
: “» -
tant role in the accomplishment of the given task, Asy for example,
. ® ‘G . . . 0

Benton (1969) points out that sinceta lesion in the right hemisphere is

. . moré likgly tb producé severe deficits in the comprehension and drawing

q

of mapé than a similar lesion in the leftr hemisphere, it is concluded

that the right hemisphere is primaril§ responsible for comprehension and
t : I . N
drawing of maps. . ’

<

While pathological cases of brain lesions and split~-brain patients

" have ge;erated much of the experimental evidence indicating that the two

v
= [N

hemispheres are specialized, for different cognitive functions, there are
. ¢ ; .

- o
certain limitationg to'its:generalization on normal individuals (Madden

. ¥

and e‘és,°1980). The work with normal individuals has led to a better

®

ewnderstanding of the'function of the two cerebral hemispheres. Madden

> 4 .

§ and Nebes +(1980) discuss some of the factors which force series of iimi-

s

B &
” tations on the researcher in accepting uncritieally thé results obtained

‘ "

from unilaterql;braiq lesion studies. One of the problems is to match
’ +

]

two groups of patients with unilateral cortical injuries en.-all those



, personel variabIes, such as age iﬁtelligence; and education whith are

T~

known to be contributing factors 1n|cognit£¥e performanqe. Much more
L™
difficult and crupial 1is the matching of the® two gfoups with reg¥t

N -

: smze and 1ocation of t@jﬁlesion. Various cortical zones within a par—
£

L4

a

s

ticular hemisphere have Ver éifferent iunctions and, therefore, even 3

-~ & 4 -

" a slight variation in the !bci of the damage in.thq'leﬁt and right_

e > £

. lesion groups can lead to.a potential confounding of intrahemlspherlc

with jhterhemisphefic differences. ‘Similanly, if the size of the lg- -

s ™~ %

sions In the two groups 1s ot matched, it cannot give rg@ ble results

o d ".

— oy M
as, for example, both hemlspheres may contaim’ cortical areas “which are:

1q‘fact equally import nttfor the successful cmeIEtion of a particular
-

mental act, When perfiormances of two groups of patients having differ—-

miy well be exhiblteé by (the group with the more extensive damage,

~ . °

&
»

According to Madden and Nebes (1980), dlfference in 'the performance‘he— kS

“v.
'

twech the two groups "would be based not on any unequal representat&bn '

. a

-«

. ofnfunctlon by the two sides of the brain, however, butweplely on the
fact thatythe more extensive the lesion, the greater the.pfobah}ltty , e
v that it will invqlve the critical cortical region." Hence, a spuni;tsvr .
’ 1nterpretat10n could result with regard to the differentiation of func—‘

I

(/’;ons of the two hemispheres. Another problem enqount&red in localiza-

»

-tion of function on the basis of brain damage has heen'pointed out b&

’

Smith (1975), Adeording to him, even a very well localized lesion often

’ 2w

-

has widespread effects due to vasculdr spasm, edema, and deafferentation,

"ﬁhich can influence the performance‘of the.intéct‘heﬁisphere as welli

{diaschesis),-

a

Iy *

_The above represents only the meiPodolbgical problems® encountered
% - N
in matching two groups of patients with unilateral cortical lesjons. :

\ . ®

-
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- o .
However, *the most difficult part in such studies involves the interpre~

»
. v . *

tation of cognitive deficits following the 1esion;. Since it is well
establi§hed that higher mental functions require a coordinated function— '
$
ing of one or more cortical zones (Iuria, 1966a, b), it becomes very
. LA

difficult’ to pinpoint cognitive deficits resulting from a particular, -~

lesion, The d;fficulty in making Cognitlve interpretations based ,om -
brain lesiqns hga been rightly explained by Madden and Nebes (1980):.
»
e el S -~
:..~thg.relaf1ve competence of the gfwo hemispheres
tor.carry out a gertain mental operation must be in- .
. ferred from a comparison of the severity of the per-
formance deficits displayed by the two patient‘groups
on a task requiring that operation, The danger in~
this situation is that performing a.particular cogni- a
tive task rarely involves a unitary, clearly definable
mengal operation., All our tests require a variety of
e mental skllis, and patients,can therefore fail them
for a variety of reasons,.. The interpretation of
brain damage is complicated even further by the fact
that a.lesion is rarely small and limited to just one
: angtomical region., Thus a number of different func-
tions may be simultfaneously affected, producing not
only additive but also interactive effects on cogni-
tion amd bebhvior (p. 143).

Semmes (1968) has' pointed ouf another error which often occurs in

-

. > > - - FY
generalizing about the rolevof a given hemisphere based on the unilateral
‘brain damage paradigm. According to him, it juyst'might be that both .
h;mispheres are equally important in the execution of a particular cogni-

* . P
‘tgye function, But the dnatomical organization regarding it may be rep-,
M i » ¢ . N *
resented differently in the two hemispheres: focal representation in

Y
-

one hemisphere and diffuse representation&in the other, As}a consequenge,
lesion studies could provide evidence which would lead the investigator
to iﬁfer, incorrectly, that one‘pemisphere has a more important role

than the other in a specific cognitive ability;s Hence, a lesion in the
4 . N

diffusely, organized hemisphere would obviously produce a mild deficith}’

2 -

\ »

@
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that would go undetected by crude behavioural techniques, while a lesion

%

in the focally represented hemisphere would result in'a severe deficit,

“thus leading to the -inference that this hemisphere is more important in

the execution of the cognitive oﬁeration in question.

13

Although some of the above problems are eliminated in the study of

3 a 4

patients in whom cerebral commissures have been disconnected or ome
hemisphefe has been.temporarily inactivated via sodium amytal injections
. . . ¥ )

(Nebes, 1978), investigations aof the normal popnlation~aie needed. for a
. .

better understanding of hemispheric specialization without any risk of

’ ¥

advetse consequences and limitations which might be associated with the
. p !

Lg

use of other ﬁechﬂiques in the patient population, InGestigations of

thefunctioning of the two hemispheres in the normal pdpulation is much
£ . .

-

more. easily accessible compared to the patient.population with, unilateral

hd . @

brain damage and split-~brain éurgery, Hence, knowledge obtained through -
the’study of‘normal’individuals regarding hemispheric functions can be

considered to be more repreéentgtive L5 the normal fu%ctioning of the
4

a .
[

two hemispheres, , .
+ ]

Although relative superiority of the left hemisphere in speech func~
tions was generally dccepted, it was hardly associated with significant

anatomical dif;erences between the two halves of the brain (von Bonin,

B H

1962). Perhaps the most influential observation was by Geschwind and
Levitsky (1968), who‘investigated the structural organization of the two
hemispheres with respect to the’temporal speech region in a large sample

of human brains, In fact, it was their study mainly that brought about

“
*

a revival of interest in anatomical asymmetry, As Witelson (1980) re-

&
marks *

e .t

1

A



_whose impdrtance«in speech has been well established, Othea'left— VErsus -

,subject of anatomical asymmetry. ,
-

8 [ "

Within the last decade, the study of dnatomical asym- :
metry between, the two cerebral hemlspheres,of mah has \
been revived after a long interim since its first docu- . .
mentation around the turn of the century. Such study-~ ’ .
was .not pursued @t that time as it was thought. that the.  «= .
right-left differences that were observed were insuf-
ficient to have any functional significance, However,
a recent surge of, studies has led. to further documenta-

tion of neuroandtomical asymmietry afid, consequently, its e
’ functional significance has been considered (p. 80) -
. s ‘ - .

. P
. Geschwind and Levitsky (1968) &xamined 100 normal adult human brains

obtained at postmortem. The,gwo hemispheres were dividgd and the upper

surface of the temporal lobe was exposed on each side by & cut*in the ,. <
. I 3 . 'f . 5};, ‘ AN |

plane of the sgylvian fissure. These investigators noted marked anatom—

ical asymmetﬁies between the uppex surfaces of the right anduleft temporal

-

lobes. The planum temporale of the left hemisphere was found to be larger

-,

tﬁan'the homologous region of .the right hemisphere in 65 per cenf of the

3 braifis. ‘Only 11 pEp cent of the‘b:ains showed a larger planum on the :

v LY
right side, The remaining 24 per cent showed no differ'ence,.%D On average,
. . \ . ) N . .

4 , 4
the left planum was. found to be one third longer than its right counter-

‘part. This area constitutes the part of the temporal speech cortex,

o

¢

rightisiaed differences were also observed, The anteroparietal region

’

was larger on the left side, as was the posterioccipitai region, while

. o . - . #
the prefrontal region was found to be larger on the right side, In a
\] ’ s n v ’ .an . ’ o

) nutshéll, their study provided an impetus for further studies on the

S

&

Subsequent studies confirmed anatomical asymmetries in newborn and
L]

fetal brains (Wada et al., 1975; Witelson, 1977; Witelson and Pallie,
1973)% Wada et al: (1975) studied the asymmetry of the temporal planum

in 100 infants' brains and 100 adults' brains. An asymmetry in size

»
«
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favouring the 1dft was present in the brain even in the young et infants'

Wrains studied (19th week of gestation)., However, the gsymme,;ies found
- . +

1
e ° \« Al
in the brains of the adults were more extreme than those fodhd in the
‘ . " o i
infants' brains, Another study by Witelson and Pallie (1973) was . con—

-

~ s

ducted in order to examine the human temporal lobe for evidenve of cere
' @ 1 e

. bré& asymmetry in the neonatal period, when language or unimanual hand

2 ¢ . I ~ © )
preference ‘related to,learning had notfﬁegun. Thelr study mdde a com~r
S “ . ’

parative analysis of adult and neonate brains free from neurol gical

pathology. Anatomical asymmetry in adult samples was found to be simi-

*

lar to those observed by Geschwind and Levitsky (1968), Also;‘anatoﬁicai
) %symmetry betweeﬁ‘left and right plana was noted in the neonatal brain

" samples on all measurements taken. The size of the 1eft—}ight differ-

»

‘ence in the neonateg was propértionately at least as large as that in

the adult sample brains. Thus, Witelson and*Pallie (1973) summarize:

. /
The anatomical data indicate thatdfhe human infint is
born with or develops very soon afterébirth a lakger
area in the left hemisphere in a regifmn .., of signif-

. icance for language function ,.. this anatomical

metry precedes any learning effects, since the po t-
natal age of the infants precluded little if any em iron-
mental experiences, such as language acquisition or N
preferred hand usage ... further ,.."he observed neo-
natal anatomical asymmetry provides a structural basis

' for th® adult pattern of lateralization of language
functions and it is such biological structures, rather
than experiential .factors, which age the determining
factors in predisposing the left Hemisphere to become

the major hemisphere in mediating@language functions
(p. 644).

#

4

In a nutshell, evidence of neonatal asymmetry indicates a pre-

programmed biological capacity to process speech sounds. Eimas et al.

(1971) based on results of theirnstudy concluded that neonates are ca-

ble of discriminating speech sounds along adult phonemic categories at

»

IS

Sy
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) particularly the occipital horn, Is usually larger than the right,

- 107 - " ;

<

. - -
an age when little, if any, learning has occurred. However, Rubens ,

(1977) emphasizes that although tiese;gross asymmetries, at face value,® v

support the notion of an inborn an®omical superiority of the left

temporal au&EEory cortical region, they are also inconsistent with the -
. < v * IS ' - ‘\ ’

theory that left cerebral language dominance is baséd on the superio
N ]

N a

abil%ty of the left hemisphere to make cross-modal associations -

q
v

(Geschwind, 1965b), Similarlf, gross morphological‘Fifferbnces in sur-
3
face area are difficult.to interpret with respect to microscopic struc—-
- 2
tural differences (Szentagothai, 1972), For:instance,Ja,}arger gréé on

one side couldibe inferred as containing more wells or,larger-cells, -or

_fhat thére exists a difference in the ratio‘of cell“volume to total tis—

sue volume, TIn certain areas connectivity, may be more important than
\ N v

the total number, of cells, Rubens (1977), therefore, concludes: fehat
v

v

A

;?phisticated cytoarchitectural studies designed to correlate interindi- °
Y N )

idual and interhemispheric Hifferenc;s at microscopic and macroscopic ‘

»
v

levels are the nex%t logical and necessary steps in the invéstigation of

o

‘morphological correlates of functional asymmetry."

Anpther comparative study of modern man, fossil man, and nonhuman

v

primate regarding mprphological cerebral asymmetries has been conducted

by LeMay (1976). Cerebral asymmetries were noted in modern and fossil

man and the great aﬁes. The left occipital pole was found to be often

wider and .usually protruding more posteriorly than the right and this is

¥ v

known as left occipito-petalia. Also the left lateral ventricle, and

2

E

Further, if one frontal pole extends beyond the other, it'%ﬁfusually
N \' ‘.

the right and is known as right fronto-petalia. The lkft 6&:;%1to-
~ * o [ ‘
petalia and righe‘fronto—petalia’can be seen in Fig. 4,2,

4

)

¢



o

°

L LA
P

w

f
v, 1976)

Fig. 4.2

(From Le Ma

’

-
.
- L E O -

- . “ »
PP < b
s R .

- . N
- - . - -
. N ~ -
- =
¥
¢
v > - - -
N
- = &
LI £ )
3
<
~ 1&
. . .
. ‘ — Y.



"that on X%ray“computerized axi§l‘tombgrams (CI) of the brain, the right

It shdws the X-ray of a human brain in whlcﬁ the blood vessels were in-

’
Jected with an Qpaque substance post-mottem. ln addition, it was noted

Y LA v
. E

frontal lobe and the é%ntral portion of the right hemigphere more fre-

s s
.o N !

quently measure wider than-the left, -However,”the most striking and

consisfently.present“cerebral asymmetries found in adult and fetal '

¢« e ® LN L ;
brains are noted in the region of the posterior end of the éylvian fis~
[ - B ¥ D

i

sures which is generally donsidered td be very important in linguistic

functions (Le May, 1976). c- ’ . e

~ B
Y Ll

oy

All, the aS;tomical.ggrebfal aéyﬁmetry studies dispusSed so- far
. :

have involved meaéuremepts %akenxfromobrains gxém;ﬁgd ﬁoét—mortem.'

Other ;;idence édggests ghatnit‘is also possible to Investigate .asymme-

triés:}n the'iiviné\brain. It is known that the paths of thelarge blood

vessels *in the‘brain.refiébt the énatomy of the neighbéhring brain‘tiséue.

- i P .
In particular, the middle cerebral artery passes through the area in the
75 . )

\
.

L d

s .
temporal lobe which is critical/mflingu;stié functions, Theref&fe,

. v, .
for many:years, neurologists have used the technique of cerebral angio-

.

graphy to examine'this major blood vessel to determine the. nature of the

surroundlng braln tissues (Sprlnger”zni\Deutsch 1981).- A dye is {dnject-

.-
v

ed into ‘the anternal carotid artlery in the neck which flows” 1nto themid-

, dle cerebral artery and makes it visible on the eray of the skull.

Le‘Mh& and'Culeh;as (1972) have observed left-right asymmetries utilizing

L

' the technique of c¢erebral angiography., Their results were similar to

5

‘those obtained from post-moxytem brains. . L

>

Anpther technique used to inveétigate agsymmetry in the liying brain
is computerized tomography or CT scan,, 'In this procedure, an X-ray

source is rotated in a plane around téé\head and the detectors are

\ &
i .
- .
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[y

yinvestigating the possibils

&

- . ' ¢ o= 110 -~ 77 T ¢ o
- 3 . v

~ . N +
. 1
3 . - s g

. R i NN _ &
continuously engaged in monitofing the inteMsity of the X-ray beam pas-

. @ «

‘singfthrough to the dther side.' A computer stoﬁes this information and .

¢ A < e v Y »©

1ater utilizes it to restructure an, image of a slicé of 4 brain, The

¥
+ v

image of any slice of brain is obtained by simply addustlng the angles
Y . {

through which the Xéray passes. A representative CT scan is shOWn in,

Fig. 4 3 (Springer and Deqtifh 1981). This technique hds often been

used to locate exactqlesion gite in cases of’brain damage..

*Thg techniques of angilog
T * v kS [N
y of an existing relationship between cere~

bral and functianal asymmetry. Examinations of, post—mortem brains only

provide information about %natomical asymmetries’ and nothing about the

q

« kinds of functional agymmetries that may have been present’ before death,

by and CT snan“are’eepenially'useful in -

>

. Frequently not even the handedness of individuals is known, . Hence, the ®

a

investigations of 1iving braina are crucial for, .obtaining detailed in-

formation about terebral and functional asymmetry as a whole, In other

words;~information about anatomical asymmetries and,functionalﬁasymme~

< 5

tries can hé obtained on the gsame living brains thus allow1ng the in=-

Y

.vestigator tg-infer the nature of relationship between the tvo,

rd

X ]

Ancther study by Galaburda et al, (1978) supports the notion of"
Cerebral asymmetry in’ the human brain, The 1arger planum temporale ‘on

the leftéle‘ciearly seen in Fig. 4.4(?). Also in iPe same*Fig, (&4.4)

at:the bottom is & computériZed‘axial tomogram.of a brain showing hemi~

spheric asymmetry., In fact, there has been an increase in the rate 'of

~ .
-

g data collection on, anatomicaltasymmetry and cerebral dominance since

"
»

\

the developmen?t‘computerized tomography, techniqueef Tt%se techniquee

do not pose any -

ugseful' in réseatch. Le May (1976) provi&gs us with.striking_asymmetries

o * £ o
’ . . ¥
4. . . \ Y

k to the individuals being studied and hence are very.
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- ‘ | Fig, 44 °
(From Galaburda et al.,, 197§‘}fn

.
t L
v o

. (A) Computerized axial tomogram of a brain showing asym-
metry of the planum temporale, ' . o . -

v

(B) Diagram made from (A) outlining the asymmetry of the
P planum temporale (PT).

(C) Computerized axial tomogram of a brain showing the
usual pattern of hémispheric asymmetry, Note wider
v right frontal lobe (FL, upper arrows), the wider
-, left occipital lobe (lower arrows) and the more prom-
. inent left ‘occipital horm (OH) .of the lateral ven~
tricles *(IL.V). (8P) denotes the midldine,
- p .

LY - .
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in computerized scans that are readily seen and measured. The most strik-

. -
O

ing ones are the presence of g wider left occipital .lobe known as left oc- .

1

qipital petalia ard a wider right frontal,lobe referred to as right from-

’ . A

tal petalia._ It is further noted that A left occipital petalda is almost

foun times more common than a right occipital petalia in the rlght-handed

Again 1n the rlght~handed right frontal petalia {s:nearly nine times more

' common than a’ left frontal petalia. Tn the left~handed, however, these

differences. are’ much less evident. The main aim of all these studies re-

lated to anatomical cerebral asymmetry is to gaiﬁ a better understanding

«

L3

of higher human mental functions, A,general pattern that emerges in rela-

-

tion to cerebral asymmetry and handedness 1is summamlzed by Galaburda et

" al,, (1978):

L] -
v
1 )
1 b

« .
"»\u B ’ - ,

+

Y (/5 brains without a'particular asymmetry are more S

common in the left-handed; (1i) the left~handed are

moré 1iké1y than the r1ght—ﬁanded to show the reverse
asymmetry, but tHe extent of the asymmetry is less .
striking; and (1ii) “in some cases.the asymmetry is, '
in the same direction in the ‘left-handed as in the SN
“right-handed, but, again, it is 1ess striking in

magnitude (p.- 855) . L ,

3

&)t

? -
- ' » N 4
- .

N

" The literature on cerebral asyﬁmetry and_handedness consistently

¢

indicate that the direction ‘of the asymmetry is correlated with hand—

-

preference. In general, right-handedness is associated with anatomical
N / 4y .

asymmetry in one diFection, ‘and 1eft~handedness with either\less ana-

[N

" tomlcal asymmetry or aéymmet;y in the revqrse’directiqn (Witklson,

1980). The first,émjdence'fhat individuals differ in their.laterality
pa;tg%n came from‘étudigs of léft—handed:neuro}ogical patlents with

"damage to their left or right hemisﬁhere (Levy, 1980), ‘Few of the

. S
» . . .
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patients developed language disorders after left-hemisphere damage,

¢ which is generally true with right~handers. ngevef; some of them were .

°

3

suffering from aphasid{symptoms after damage to the right hemisphere,”

¥ -~

which is extremely rare among right-handers.. Also, a substantial pro-

1

portion of left-handed patients appeared to be at risk for aphasia re-

w

gardless of left or right hemisphere injury, Thus, Levy (1980) comments:

+

+«s in a random sample of neurological,patients having

damage on one side of the brain, no more than 50 percent .
would be expected to display linguistic disggdeis if

language is strictly unllaterally organized; yet, among
left-handers, from some 70 percent to 80 percent develop

an initial aphasia that, in a large fraction, is tran- .
sient, These observations imply that.in left-handers, »
much more frequently than in right-handers, there is a .
bilateral representation of language. Damage to either

side thérefore can produce a temparary disruption of

function, but with time the intact hemisphere can assume
control of processing ... It appears that left-handers
not, only differ from right-handers but are highly vari~
ahle among»themselves in the degree and direection of
lateral asymmetry for speech and possibly for other
cognitive functions as well (p. 360).

-

©

Thus, it becomes apparent that there ékists a relationship between

w

anatomical asymmetry and fumctional specialization of the two hemispheres.

This is a positive 'step towards gaining further clarity about some of the

¢ .
highly specialized features of the human brain. Only further studies on

-

anatomical asymmetry might be able to shed more light on asymmetrical

S

functions of the brain.

’

”
y

The phenomenon of asymmetrical/functions of the brain have been~

’

dealt with more extensively in the brain research literature, Studies

N

with split~brain patients have indicated asymmetry with regard to-func-

tions of the left ahd right hemispheres, although in the early studies

’

of split-brain patients, no asymmetry in théir behaviour had been noted,

However, with the aid of highly specialized technidﬁes, the =~ . .



©

o

v

~

. v - 115 -

-

-
] . P
pheres became apparent, . $ince
' -

up studies conducted on normal individualg. The techniqués employed in
}

h Al - ~ \
these studies do not pose any harnful effects andchencg]are often refer~

©

red to as noninv%sive techniques.,
! "

The anatomy of the visual system has proved to be very ugeful in

A

"studies of dormal functioning of. the two hemisphered.. When an individ-
-ual's gaze is fixdted on a point in é}acg, stimull presented to the

- . . .
left of that pqint are projected onto the right side of the retina in

D 1
both eyes, From here, information is transmitted to the visual cortex
- & S l » -

in the_right hemisphere via visual fiber# thar pass through several re=~

.- » n

lay stations, Similarly, &timuli presented to the right of the fixa-

AY

-

tion point are projected to the left side of the retina in both eyes %and

¢

visual information is transmit;ed t6 the left hemisphere, !his anatom—
ical organization provides an ogportunity for selective ﬁfe;entation
of visual stimuli to one hemisphere by restricting the stimulus to one
qhalf of the visual field, However, stimulus durations have to be keﬁ&
very brief (ysually less than 200 msec,) bécause the subject might LA
reflexively divert his eyes towar; any stimulus appearing periphefa%‘
to his fixation point (Madden and Nebes, 1980). grudies of hemiépﬂeric
differences in normal individuals utiliziné the visual system are help-
ful in undeégtanding the degree of ipvolvement of the two hemispheres
in a partieular cogﬁ@tive operation, As’Médden and Nebes (1980) comment:

«vs the ébility of a person to carry out some cogni-

tive operations on a stimulus presented to his, left

. visual half-field (LVF) is compared to his ability

to process a stimulus presented to his right visual
half-field (RVF), Any discrepancy in performance

.

¥ .
e * "
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between the two fields is assumed to reflect a dif-
ference in capacity between the subjects' right and
left hemispheres'to carry ouf the-task, Performance ‘
is measured in terms of either accuracy or reaction
time (RT), that is, the time required to make some
decision about fthe stimulus (p. 145).

»

The ooncept of lateral aéymmetries had been noted by a number of

investxgators in the 1950's based on the subjects ablli%y to process
>

stimuli presentad to his left visual halﬁ-fleld .and right visual half-

~field with the aid of a tachlstoscope/£Mishkin and Forgays, 1952'
’
Heron, ;957) These investlgators(found a right visual field a 9ntage

.". -
in the recognition of verbal stimuli presented through a tachistoscoPe.

t -
[
L]

However, these findings were nqt giwen much attention at the time and

L

‘herefere remained largelyrgéglected. It was only after the pUbiica— a
tion of Kimura's (196l1a, b) studies that perceptual asymmetries were N
regarded as eviéences of lateral diffeiéfi?s in the brain, In her

"first study, Kimura (196la) studied the effects of temporal lobe damage

-

on auditory perception of 71 patients at Ehe,Mpntreal Neurological
y .

Institute, A dual—chgpnel,tape recorder with stereophonic ear-phones
was used to present digits, in groups of six in such a way that half the
digit§ went to the left ear and the other half to the right, After
each group of gix numbers, the subjeéziwas asked -.to report all the

, numbers he had heard, in any order he wanted, Anaiysis of results in-
di’cated that the left temporal lobe is especially important in the per-
ception of verbal material in the auditory modality, Damage to the'
tleft temporal lobe was found to Impair the subjects' over-all perfor-
mance regardless of‘ihe ear through which stimuli werelpresented.

The above study provided the‘!gzas for further investigation of

; the phenomefion of perception of verbal stimuli in patients with

J
.
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epileptogenic lesions of various parts of the brain as well as in normal

©

subjects._ gimura (1961b) concluded:

Since the right ear was presumably more strongly con-
- mnected to the left temporal lobe than was the left
ear, this finding suggested that verbal material arriv-
ing along this pathway had an advantage in being more
<, relisbly -transmitted to the hemisphere which was domi-
“w nant for speech representation. It would then follow
. that, in subjects with speech represented in the right
hemisphere, recognition of verbal material arriving in
. the left éar should be more efficient, [This was the
e hypothesis set for" 1nvest1gatlon 1 (p. 166),

The patients consisted of two groups: one group of patients had
speech represented in the left hemisphere and the other in the rlght.
The technique for presenting stimull was similar to the oné used in the
earlier study. ‘The-patlents pe;formance was superior when stimuli
were presented through the.ear contralateral to the dominant hemisphére.
Bryden (1963) obtained similar results. In ther-words) the right ear

was found to be more efficiént‘in rvecognizing verbal material in the

left-dominant group and the left ear was superfor in the right:éominant

5

group, These results were consistent with the earlier one in that crok~
) e

sed auditory pathways have a stronger influence on auditory perception

as” compared to the uncrossed ones. Hence, the dominant temporal lobe

(left or righF as the indiv;dual case may be) has the major coﬁtribu—

tion in the perception of verbal material, r '

Similarly, in tachistoscopically presented visual material, subjects ,

showed a superior level of performance when the stimulus appeared to the

v;’right of a central fixation point in comparison to the left of the fixa-

ticn'poinﬁ,(nyden and Rainey, 1963). In a later study, Bryden (19653)

studied the relationships between tachistoscopic recognij’én, handed—

¢
.

ness, and cerebral dominance in 40 normal subjects, In the group, 20

-~

»

“r
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were left~handers and 20 were right-handers with equal®number of men and

women in each group, Iwo tests were administered: one consisted of
L]

dichotic listening task and the other tachistoscopic recognition. On

-
-

both tests, right-handers were significantly more correct in recognizing
stimuli gfesented to the right side, The left~handers, on the other
hand, did not show any consistent left-right dif;erences. In general,
though- not very conclusive, resglts of tachistoscopically presentéd ver-

"bal material supported the findings obtained'by Kimura (1961b)%that

3

dichotically-presented verbal material is more efficiently amnalyzed by
»%%he dominant hemisphere or 'speech hemisphere', The lack of consistent

18 M -
relationship between right ear superiority in dichotic listening tasks

~

and right visual field superiority in tachistoscopic recognition could

be due to a number of factors in operation. As Bryden (1965) comments:

\ First of all, one task is visual while the sther is
jauditory, and there may be some disassociation of later
laterality effects in the two modalities, Secondly,
in the dichotic listening task, where the numbers are
already audible, the major problem is to remember
all the material during recall, while the tachisto-
scopic recognition situation, with its extremely brief
exposure duration, is primarily a problem of obtain-
ing enough information to maske the proper identifica-
tion (p. 7).

Thus, the difference in the two modalities employed to present stim-

uli create different problems for the subject in identifying the material

¢

rs

&y
’&

in the two situatiomns. To sum up, the dichotic listening task leads to an

[

output problem and the tachistoscopic recognition task creates an input
roblem,
P &
A number of other studies have been conducted on normal ‘subjects to

investigate the functional asymmetry of the brain, Most of these studies

have focused on visual and auditory perception tasks. Kimura (1966)

P
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. préé&g&%d verbal and nonverbal stimuli to lormal subjects through a
’ \ ¥ -
tachistoscope in order to find out if there\was any difference in the
3

>

perteption of two kinds of material. Various stimul% were presented

1 - -
either to the left or to the right visual half-field on a successive

1

random basis, The sample consisted .of tweﬁty~eight right-handed under-

.

graduate students, ~ It was expected that the right visual half-field.

@

would be superior in the perception of verbal (alphabetical letters)

stimuli and the left visual-half fiedd would supercede the right in

o

éealing with nonverbal (nonsense figures and dots) materials, This is

in line with‘thq asymmetrical functions of the two hemispheres which is
. ‘» N
by now well established in the gplit-brain literature, Results of this

study were signigﬁcant in that the role of the posterior regions of the
. brain became evident, It was ?oted that the ieft posterior parF of the
brain has an important contribution in the perceptiqn of yeibal—concep-
tual material whereas the corresponding area on the right is involﬂ.ﬁ in
N some ‘way in the rég;stration 6% nonverbal materials, Further, it bechme
- " apparent that differences in function between left and right hemispheres
are to a large extent responsible for the ‘greater part of the asymmeéry
S between fields whether visual or auditory (Kimura, 1964, 1966). Kimura
(1966) also points out that the method of successive presentation more
closely reflects the phenomenon of cerebral asymmetry, With this method
- left- or right—field superiority is dependeqt upon the mnature of the

v

visual material (verﬁal or nonverbal), According to her, the method .
-

of simultaneous presentation generally shows a left-field superiority

regardless of the nature of stimulus. Hence, it reflects .the operation
v . . 1 \
of some general scanning mechanism and not hemispheric asymmetry, In

other words, the method of successive presentation is a more reliable
’ A

/‘ o
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indicator of cerebral. asymmetry, .

It is important here to're—emphasize the finding that emerged from

5

the use of dichotic digits tests., When thg‘dichotic digits test was ad-
ministered to ; group of patients with lesions in different parts of the
brain, their performance Qas better through the right ear., The same was
observéa among the normal group of individuals. More digits were accurate-

ly reported from the right ear which lies opposite to the left dominant
" hemisphere (Kimura, 1961b), It is a well known fact that each ear has
’ ~y

.

Ed 1 S
connections with the auditory receiving area in each hemisphere, In
other words, each ear has direct comnections with the homolateral as well

as crossed comnections with the contralaterdl hemisphere, However, it

' .

. . . Lo | ‘
has been pointed out repeatedly that ecrossed connections with the contra-

-

Jateral hemigphgre are dominant and, therefore, more effective in percep-

- “ / N

tion in comparison to homolateral connections, As Kimura (1967) com— ,
v L . » ' -
. 'E}’lent53 I/‘ | . 3

“ The expfanation for the right—ea? superiority on the
digits test, [in her earlier stu y,»L§6lb] then, was )
that the right ear had better comnections with the : .
left hemisphere than did the left ear, and since the ¢
left hemisphere was the one in which speech sounds-
were presumably analyzed, the right-ear sounds had
the advantage of having better access to these speech ' .
centres (p., 164),° . -

v
™

The above obviously leads to -the second hypothesis'tﬁat in case of .
- . : H
speech represeni}:ation in the right hemisphere, the left-ear superiorj.\ty
+ 0

should peeur, This hypothesis has been tested on a small group of .

o
v « s

patients with right hemlsphere dominance in speech as determined by the

sodium amytal téchnique (Wada and Rasmussen, 1960), Results were in
line with the hypothesis., In each case, the ear contralateral to the

. ’ . ¥ .
dominant hemisphere obtained the higher score (Kimura, 1961b). Thus, |

~ ¢

t.

- v IS
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it is clear hat ear asymmetry is related. to the dominant hemisphere.

¢ |
The asymmetrical functioning of the two hemispheres for speech becomes

evident from wunequal perceptian of words presented dichoticaiﬂy to

left .and right ears. Speech functioms arg represerted predominantly

L

. in the. left hemisphere in the clinical population as well as in a ran-

-~

1
_dom group of normal subjects consisting of both right-handers and left-

r

&
handers (Branch et al., 1964;:Bryden, 1965). In such- cases, there will
Elways be a right-ear superiorigy in dichotic listening tasks. Again,

it is appropriate to recall that only dichotic presentation technique

is a reliable measure of auditory asymmetry (Kimura, 1966, 1967).

Kimura (1967) noted a slight trend for right ear superiority under

rapid ﬁlternating‘eonditionq. , This is explained in terms of competi-
tion between the two ears in the simultaneous presentation which 1s not
present in the mondural presentation: The reason for the }mportanée of
competition is probably due to éhe arrangement of a#uditory pathways.
The arrangement is showﬂ schematically by Fim?ra (1967) in Fig. 4,5,
From the diagram, it appears that theré is only a sliéht increase in
;he number of fibers coming from tPe right ear to the left hemisphere
as compared to the lgftae;r; However, there is, an occlusion mechanism
at work at Fhe poin; of overlap bétween the two pathway{. At the point
of overlap (indicated by arrows.in the Figufé); the contralaéeral'path—

3

ways dominate due to partial occlusion of the homolateral impulses,
Ve
/ ‘ .
In addition, she points out a factor of central occlusion” -

N
"... when two different speech sounds must compete for overlapping path-

t

ways in the dominant hemisphere, the slight advantage of the contra-

lateral input over the ipsilateral may be further enhanced by ‘central

N
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. ~® LEFT HEMISPHERE .
A » ’ (DlG”:S ’ - . X
( - <LEFT EAR - RIGHT EAR
A /
Fig. 4.5 - X . t."/
. (From Kimura, 1967)
@
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competition." Though dichotic stimulation’ seems to bé a necéssary con-

a
N

"dition for observing perceptual asymmetry, reporting the stimuli from
both ears is mot. This was observed simply by presenting stimuli to
both ears simultaneously, bﬁtuasking the subject to réport from only

one ear, The same subjects were presented with the same list ‘of words

o -

(reported, in the dichotic’céndi%ion) in a monaural condition and the -
subjects reported, all they could, Results indicated that éubaects wha

: reportéd from the right ear obtained much higher scores than those who

»

reported from the left ‘ear under dichotic conditivns, The right-ear
superiority, however, is not evident under the monaural condition. Tt

3

is important to note here that both'condiiions demand only monaural re-

%

port. "The difference between the two is ihat unﬁex the dichotig presen-—
tation, irrelevant words are coming at the other ehr, Thus, Kimura

(1967) concludes that the*rigthear superiority observed here with mon~
! N 3 ’ " ’ N
. aural report "... 'must reflect a competition between stimulus inputs to

-

the two ears, that is, a perceptual rivalry rather than a response

.

~ \

rivalry."

The dichoti¢ technique has been ver§ useful in investigating asym-—

]

metrical functions of the two hemispheres utilizing nonverbal auditory

°

stimuli. Spoken digits and words are all primariiy dependent upon the

left hemisphere for recognition, Cegﬁain nonverbal auditory stimuli

i
0

dre processed primarily by the right hemisphere (Kimura, 1967), Since

/
musical abilities have been associated with .the right hemisphere, Kimura

(19%7)'devised a.melodies'task to tedt if there exists a left-ear supe=
'riority in a group of normal subjects, Results indicated a significantly

. greater number of correct identificatons with the left ear as compared
3 ‘

ol :
to the right ear, The same subjects obtained a higher score for the
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right ear when digits were presented, jhus,:the.diéhotie test findinés,

3 [

from the mormal population support the lateralization of functions ob-
. . \

served in the patient population. It is the type of stiﬁuius that deter-

s T

mines the direction of audiébry asymmetry, and the asymmetry in turn re-

_ flects the varied functions of the two hemispheres:. Kimnra (1967) has v, -

proposed a=neuroanetomical basis fgr'the dual auditory asymmetry which

a

is shown in Fig. 4.6. It sfiows the connections between each ear and

el ~ .
.. : - o '

each auditory cortex and also the difference in function between the two

a

auditory hegispheres. The' left femporal lobe dominates in the percep—~ -

¢

tion of ve;bal material (digits and‘words) and the right,temboral lobe

A

dominates in the identification of melodies, In additionm, another study

-

<+ was conducted to test if ‘familiarity had a role in the 1dentification of

melodies. "on the'basis ‘of her comparative results, Kimura (1967) conclud-

ed that melodic patterns regardless of, familiarity were recognized by. the

' -

right hemisphere, In a nutshell, familiarity was not found -to be a cri-

[y

tical factor in specialization of hemispheric functioms,

A series of experiments have been conducted by Kimura (1969) to in-

9

‘vestigate spatial ability in left and right visual fields. 1Tn other

' words, the purpose was to determine differences, if any, between the

1
1

performance of left~ and right-visual fields in terms of spatial percep-

tion, It is well established that visual impulses from the left visual .

-~

» fleld are transmitted to area 17 in the right hemisphere and visual im-

pulses from the right visual field travel to the corresponding area in -

the left hemisphere, HOWEVer, at the same time there is ample evidence

for dominance of the left hemisphere in speech functions and dominance

*

of the.‘gght hemisphere in visuospatial abilities, In view of the

major role of right hemisphere in‘visuospatial abilities, it was proposed

’
' . -

e
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Fig. 4.6

(Frorg Kimura, 1967) °
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(Kimyra, 1969) that giimuli’shﬁﬁldhbe more accurétely/lécated épa;iall§¢
upon presentation to the 1éft visual field than to thg’right visual.
figld.; Earlier it ﬁad been"noted'that enumeration ofigréﬁps of doés gr

éénmetrigal designs were more accufétely perceiq?d through the left '

_ visual field tham through the right (Kimura, 1966), The 1969 series of

experimenﬁs requifed‘the subject to locate the dot on a spatial map de-

pilcting all of the lot locations presented, The subjects were right-—
. + | ,

handed uﬁderﬁradﬁate males and females. A single dot was presented on

L3

each ‘trial through a Gerbrands Harvard Tachistoscope, The subjects’
eyes are-approximately two feet from the exposure field, A fixation

point is set and before each presentation a 'ready' signal is given,,

9

Analysis of results indicated left visual field superiority in the

A

localization of the dot among men under all testing conditions. ' Women

also showed a left visual field. superiority on some localiqafion éasks‘.

, . . .
and no difference on other tasks. However, 'no sex difference was noted

v

on an overall accuracy of performance, The overall left field'guperior;

ity for dot localization lends support to the dominance of the right

s

posterior region of ,the brain in visuospatial abiiit&. The-absence of
. k-4
left-field superiority in females on some tasks has been interpreted to

imply that differentiation of right and left ﬁemispﬁeres with respect to
o . 7
viauoépatial ability may be greater in men than in women. .In concluding,

Kimura (1969) comments: "... a number of unpublished obkervations from
- , P
our laboratory support the view that males and females may approdch even

_simple éqrceptual tasks differently, often/related to their differential

use of verbal and non-verbal systems" (p., 457). Thus, a sex difference,

-

though limited to just.a few tasks, was noted, This study’is important

ol



. ' . 127 - . S

¥

in that at:least the question of sex difference in visuospatial ability.

came intd discussion .which served as impetus to sdbséquént research on

’
A

the subject, N

}
“ L

A review of séﬁdies related to'asymmet;ykiﬁ visual perception by ;
Whiée’(1969) provides a wide*éange of literature on .the subject. He

also makes an attempt to interpret and discuss the impliiations of re-
. : ! . L N .
ported data and cohclusions, Most of the studies on visual pg?ception ’

-

have utilized,ﬁyo methods of stimulus presentation .- _biiatqral or umnil~

1

lateral set up. In general, with bilateral pre eﬁfaqibn of random ietf

« [N N

ters, recognition is better from the left visyal field (Bryden, 1966; f"

Harcum, 1964) . Recall éf{éingle rqhdom 1éttér .1s better %iFh thq:righ;

W

visual field when presented uniléterally (Bryden, I966;’Bryden'aﬁd>-'
, . ‘. 7~ . i \

Rainey, 1963). As White {1969) rightly comments : - ‘ s
Of the implications arising [from relevant studies :
in the field],... the most important would seem to be \
that a general interaction exists between hemifield
and type of presentation, When rows of letters or
digits are presented across the subject's wvisual t
field and the subject is given "$ree report”, stim-
" ulus elements from the LVF are better recalled than
are those from the RVF, 'When these materials are
presented either in the LVF or in the RVF, elements -
from the RVF ‘tend to have better.recall scores (p. 390).

However, according to White (1969), data relating cerebral lateral-
ization to visual field asymmetry are not as clear-cut or as conclusive
_as are the compgraﬁle auditory data from dichotic listening studies,
With respect to auditory data, it hgs been demonstrated that the left
- temporal lobe dominates the right temporal lobe in the perception of
verbal material, whereas the right dominates the left in the perception

of nonverbal material. Also, contralateral auditory pathways seem to

dominate the homolateral pathways. These conclusions are based upén
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- 'studies of patients with uﬂiléterallte§gorai lobectomy as well as . a
. stﬁ&iéé on normal‘individuals.‘ As far as visual asymmetry ; étﬁaiés anaA
concerned much of the evidence comes . from studies of normal subjec;s o
;ﬂ ,only. Also, there exiéts a major dlfﬁiculty in assigning the label

. nonverbal' to stlmulus materials. Hence, Whlte (1969) concludes¢ .

e !

- ", .. a functional asymmetry of the gort observed with various auditory

R . -

inputs does not seem app@rent when visual '- verbal and,nqnverbal. -

PERS

- . -

material is used v ﬁévertheless, studies on &iaual ﬁercebﬁién'in nor-

mal individuals have c0ntrlbuted towards ‘conducting further researches.

in the field of cerebral asymmetry. Y y," ‘.

“

P

Thé use of reaction time '(RT) as a measure had also been an impor- -

- « -

tant contrlbution to more sensitlve observation of 1ateral asymmetries.

)

Reaction time has been extensively employed in asymmetry studies on nor-. -

'

mal human sub;ects (Berlucohi et al., 1971, 1979; Buchtel et al.,, 1978;
: Fllbey and Gazzaniga, 1969; Geffen et al., 1971; “Jéeves and Dixon,

‘1970 McKeever et al,, 1975 Mbscovitch 1972, Moscovitch and Catlin,

K

19703 %izzolatt;, l979;‘Rlzzolatti and Buchtel, 1977). Reaction,time
experimgﬁts have helped .in underétandiﬁg thé nature and Jlogic of -the.
- information-transmission ﬁechanism in the ndfmal intact brain., The im-

.o

portance of the great cerebral commissure (the corpus callosum) has

been well establlshed on the basis of split—brain studies' on animals
and humans (Sperry, L961; 1954; Gazzaniga, 1967, 1970). It helps in,
;’maiﬁiaining unity in behaviour in the normalinmtact brain. Hence, to

learn more about thé intact Bréin, oné has to .rely uﬁon’pohinvasive

“

techniques ‘such as reaction time “and- dichotic listening.

Filbey and Gazzaniga (1969) conducted two simple choice—reaction—
time experiménts apdhnoted that in between 30-40 msec. are required

1]
[
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for the transfer of simple visual information across the corpus cal-

losum, Their experiments have been an important impetus to éubsequent‘

'
x

nse of reaction time methods for investigating functiohal asymfetries

of the brain. Their first experiment was based on the kmowledge that

.

speech is controlled by the left h§mi§éhere in JZa?ly all'rightThanded
individuals (Penfield ‘and Rbbegps, iQSQ;IBranch et“al.,f1964}‘ Th;s,
their ﬁypothesi;.for'in&estigatio; wa; that vocal report latencies .
- a%ogt stimali presented to.ihe right hemispherenshbuld 5e’15nger thahﬂ':
for stimuli.pgesenteq to the left'hemisphere.A.The difference he;wgen

. 1
the reaction times obtained thmough two modes of stimulus presentation

should reflect the~éimé needed for transcallosal transfer.’ The experi- .
mental progedu?é‘iﬁvolved a presegtation of a single dot stimuli 1°.
of visual éngle.to the left or right of fixation on half the experimen; |

-tal® trials and biénk fields on the remaining trials, The subjects’ were
_required to respond by "yes" br "mo" depending upon ‘the .presence or

4

4

absence of fﬁe.dot. "Yes" énd."no".respoqsés were counterbalanced

across instruétions‘io respond affirmativély ;o dots or to'bla;ks.;

After every trial, sﬁbjéé;s weré,nétifigd of their exact vocal‘reéction
. % . .

t{he to that trial, Resﬁlty obtgineé frpm éighn female subjects con-

firmed their hypptheéis, .The'right visua})field AOt trials weéz reéort~"

-

ed a little over 36 msec, faster than left';isual field dot.trials or:
blank field trials, A second experiment was ﬁerformed‘fo reﬁlicaté ‘
the previous experiment on eight‘righé-han&ed female subjects, The
subjects were, however, asked to give a manual response which consisted
of moving a lever to the Fight or left, dépending on the stimulus.
Results showed no half-field differences in dof’ detection times, while
those to b}ank field t;ials toock significaqtly longer than dot trials,

Z
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 In other words, data indicated an intercortical diff e in reaction
time during a visual discrimination task. In concluding, Filbey and
Gazzanigé,(igég) remark: .

..» now that a base time [of about 35 msec,] has
been established for callosal transmission in a .
very simple visual pattern-discrimination task,
it remains to be discovered whether or not this
callosal transmission time increases with the
fN“f . TN complexity of the discrimination. The answer ...
. ould give evidence as to the amount of processing
\\Sﬁgq,each side of the cortex does on the discrim- .
ination task, i.,e., whether the callosal transmis- .
sion is some sort of "go/no-go" message ror an ela-
» borate readout ff raw visual information (p. 336).°

4 A
.

Few .studies have been conducted to determine interhemispheric
' b \ v ° * & *
transmission times to visual stimuli (Moscovitch and Catlin, 1970;

«

Jegves and Dixom, 197§T. M&scoyitch and Catlin (1970) on analysis of
¢ )

data noted a value in the ordef .of 10 msec. required for information

-
3 - o

to pass -from one hemisphere to the other. They also observed a righfg

3 <

field superiority in speed of verbal }ecoénition of single capital .

v

letters presented about 4,2 degrees from the fovea. Jeeves and Dixon
(1970) pointed .out a right hemisphere superiority as cepparéd to the
left hemisphere in processing unstructured visual stimuli when a bright g

point of light was flashed for 2 msec. at.a lateral angle of 70 degrees

from the fovea. , »
14

As Jeeves and Dixon (1970) summarize: "Visual gtimulation-going
initially to the right hemisphere is responded to faster than stimula-
tion going initially to the left hemisphere" (p. 250)'. Accordingrto ’
them, the time taken to réspond (reaction time) depends upon the pa?hwayi
involved in receiving the stimulation and responding, Four pos;ible .

. i
pathways have been outlined: (1) right hemisphere receiving the stim-

ulusg and'left hemiéphere directing the response (right hand); (2) right

Ll
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hemisphere receiVving the input as well as directing thé‘butput (left

. 3
hand); (3) left hemisphere recei&ing as well qs'initiating response

(right hand); (4) left hemisphere receiving dﬁd'right hemisphere direct~

ing the response (left hamd). Results have beeh explained in terms of

- -

two assumptions. Firstly,; the sensory receiv&ng area i{’the right
\'hemisphere processes viguéi information faster than the-corresponding

one in the left hemisphere. Secondly, the motor responding area in the

i @

left hemisphere-is faster at responding than the corresponding area in

5

the right hemisphere,

‘

Another study by Berluechi et al, (1971) deals with a comparison
r »~

» of simple reaction times of homolateral and contralateral hand to

lateralized visual stimuli: The main purpose of the study was to find
out whether there’is a,delay between reaction times involving homo-
lateral hand-visual hemifield combinations and contralateral hand-\
visual hemiﬁieid combinations, In addition, they were interested in
finding out if the distance of the visual stimulus from the- vertical
‘meridian of the visual‘field.had some”iQPut in the.length of the delay
period, i.e.,qthe reaction time in the two combinations (homolateral
hand-visual hehifield and contralateral hand-visual hemifield). The.
" sample consisted of 14 normal subjects, kesults pointed out that visual
stimuli presented on one side of the fixation point elicited responses
\‘fdgter from the. homolateral hand than from the contralateral hand. In
~( other words, th; ho;olateral hand~visual hemifield combin?tion produced
( a smaller reaction tige than the contralateral combination. A‘signifi;
cantly longer reaction time was noted for the contralateral (crossed)

combination, The overall average difference between the crossed and un-

crossed reaction times was 3.3 msec, in onme group of subjects and 2,1

LT
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msec. in the other group. This difference between the two reaction

times was not affeqiﬁd by the location of the visual stimulus, Thus,

Berlucchi et al, (1971) conclude that callosal.connections of thé
visual cortex are mot crucially respongsible for interhemispheric inte-
gration of simple visuomotor tasks, This is in line with thé report

by Gazzaniga et al., (1967) that ea&h hemisphere is capable of control-

2

ling the homolateral hand efficiently in performing very simple visuo-
motor tasks after forebrain commissurotomy, \
A subsequent study by Rizzolatti,.Umilta and Berlucchi (1971) in
the same journal Brain is related to choice reactien time of the two
hands of 24 right handed male students of the University of Bologna
to two groups of visual étimuli, presented either to the right or to
the left of a central fixation point, Two types of visual stimuli -
single capital letters and photogéaphs of faces of unknown persons -~
were useé for the experiment*because their recognitioﬁ appeared to in~

volve respectively a left-hemisphere and a right—hemisphere dominance.

The discrimination,stimuli used in the experiment are presented in

Fig. 4.7. The investigators' aim was to demonstrate a right-field

-

superiority for the speed of response to letters (left hemiépheric

function) and a left-field dominance for the speed of response to faces

-

(right-hemispheric function), Analysié of data confirmed the dominant

role of the left hemisphere for the recognition of single capital let-
ters. Also, a clear evidence of the primary role of the right hemi-

sphere for the identification of faces was noted. Reaction times to

-

letters were significantly shorter when stimuli were presented to the \

right visual field (transmitted directly to the left hemisphere); where-

as reaction times to faces were significantly shorter when the stimuli

»
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(From Rizzolatti et al., 1971)

N




- 134 -

*

were presented in the left visual fleld (transmitted directly to the

right hemisphere). Thus, Rizzolatéi, Umilta and Berlucchi (1971) qpm—'

ment: i ,

«s+. a hemisphere specialized in the recognition

-of one particular kind of visual pattern receives

its information via a d#ect sensory route, when

the pattern is presented in the contralateral

visual field, and through an fpdirect, interhemi- .
spheric route {sensory input. t® and callosal pro-

jections from sensory and associational areas of

the other hemisphere) when the pattern is present-—

ed in the ipsilateral visual field (p. 438).

This importance of the corpus callosum has been well established
from split~brain studies in the transfer.of visual information by

Sperry (1961, 1968) and bthers. Results of the above study are con-

sistent with 'material-specific asymmetries' of the cergbral hemi-.

4 —

heres, Iﬂ addition, no signifi;aht difference was noted ?ﬁ relation

//iz responding hand or’ to the interaction of the responding hand and
the side of thé.stimulus. In complex visuomotor tasks, the role of
the spécializ?d hemisphere becomes.much more important and, therefore,
stimuli projected to the specialized hemisphere elicits a faster re-
sponse than stimuli projected to the non-specialized hemisphere, 1In
other words,kwheh stimuli(is projected to the non-specialized hemii--
sphere, information has to cross ovér to the other specialized'hemi-

sphere to be processed and, hence, a longer reaction time is noted.

4 Ay I -

In a nutshell, perceptual asymmetry seems well established, N
Experiments involving measurement of reaction time in normal in-

divtduals by Geffen et al. (1971, 1972) provide further support to

a

perceptual asymmetry between the two hemispheres, Geffen ek al, (1§72) .

e

investigated hemispheric specialization and noted reaction times for

<

verbal and spatial encoding of visual stimuli, ’ The subjects' reaction

w
o

E
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here, On the. ./

o ' " $ ]
other hand, physicaliy identical 1etter pairs (AA) elicited a shorter
reactlon time when pro;ected to the right hemisphere via left visual

field stimula;mon. These dlfferences Jdn processing two different
kinds of stimuli suggest a dominance of 'the left hemisphere in proces-

siﬂg name matches whereas the right hemisphere takes the lead in pro-

4

cessing physically identical items, The differences in the reaction
times between visual fields have been explained (Geffen et al., 1971,
1972) in terms of interhemispheric transfer times and less efficient .

processing of verbal material by the right hemisphere‘and spatial mate-
rial by the left hemisphere, The results of the 1972 experiment empha~
sizes éhe nature of task in the determination of hemisphgric asymmetry.

As Geffen et al. {1972) comment: . ) .t
cas Aaster processing of physically identical R
stimuli when these are'directed to the right

hemisphere suggests that the type of task is

more important than the type of stimulus in

determining hemispheric asymmetry, When analy-

sis of visual patterns is required, the right . e
hemisphere is better (p. /9) !

¥

A number of experiments on various aspects of visual perception

-

have been cdonducted on normal subjects to determine the degree of involve~
ment of the two hemispheres. On the basis of their experimental results

obtained under the two dimensional situation, Kim;ra and Durnford (1974)

concluded that the right hemisphere plays an important .role in spatial
A3 - v

;ocation of stimuli, Also, data from experiments on depth perception

yielded’a reft visual field (right hemisphére) superiority (Durnford

and Kimura, 1971;, Kimura and Durnford, 1974), On the basis of results

obtained from normal studies, Kimura and Durnford (1974) concludes
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o+ Ot only” s the right hemisphere of primagy impor* s
tance for complex visuospatial functions, but-also for

more fundamental perceptual processes, Functions which

are basic to visual perception =~ perception of

line orientation, depth perception, rapid scanning of

a nhumber of stimuli, and visual point location /-~

were all shown to depend more on right hemisphere .

activity than on left hemisphere activity (p. 42),

However, experiments related to perceptlon of line orientation
have given contradictory reqults. Kimura and burnford (1974) obtained

left fleld superiorlty in line orientation tasks. On the contrary,

&

- White (1971), Unilta et al, (1973) noted a right field (left hemisphere)

w

. dominance in perception of line orilentation tasks, These data are per-

»

‘s

,plexing, In ome experiment by Umilta ét‘al. (1973), reaction times

3

were significantly faster to stimuli in the right visual field (left

hemisphéie). However, in two other similar experiments in which the

orientation of the line stimuli was: changed to rerectlvely, 30, 45,

" *

120 and 135 degrees from the vertical in one experiment and 15, 45,
i

0 degrees from the vertical in the other-experiment, a clear_cu;

ev1denc$ of right-hemispheric dominance was noted. These variable find~

v

ings have been explalned by Berlucchi (1974):
++. these results indicaté that the vertical, hqrizon;
tal, and, intermediate orientations are perceived,and
. responded to faster by the left hemisphere exactly.be-
cause these orientatioms are easily analyzed and cate~
gorized in verbal terms (e,g. vertical, horizontal,
tilted to the right, tilted to the left). On the con-
trary, with the other orientation diseriminations, it
is difficult to encode the orientation of each particular '
stimulus by itself, and probably it is necessary to -
proceed by an internal comparison between the orienta~-
tion of the present stimulus and those of the other
discriminative stimuli, [It is]. unger these conditions, .
[that] the superior ability of the right hemisphere .
in analyzing 'spatial relationships would emerge-and
reverse the visual field asymmetry (p. 68), -

.

Thus, there appears to be no doubt in that visual field asymmetry

( . X 3
¢
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B

does exist, . The controversies .surrpund the dominance of one or the

i
other hemisphere in various tasks,’ Reaction time as a measure has been

*o

uséful in investigating the asymmetrical nature, of the brain, Buchtel

‘ot al. {1978) m?ésu;ed reaction times to’ facial expressihn in normals.

)
4

‘“hﬁﬁreponaeragce of the experimental evideirce in normal subjects points

to right. hemisphere dominance in process1ng emotronal stimuli. A left-

E

) ear, (rlght hemmsphere) advantage has been nOted in normals subJects in -

the‘pqrcépt;on of affectiveﬂstihuli'(qumon and,ﬂachshon, 1973;. King

’

1aterslizéd tachistoscoplc ﬁresentation of fromtal photographs of faces

.
»]

)
(each showing a»happy,rneutral and sad expre551on) was made to sixteen
s
normal subgects. The investigators attempted to detgrmlne which heml-
L 4

sphere is faster 'in analyzing the emotion of a facial expreaslon. Re~

N

-

sults indlcated a left visual fleld (rlght hemlsphere) superiority in .

v

the speed of Judging a facial expre531on. On the other hand, responses
to the neutral face were faster with right visual fiéldi(left hemi—'
sphere) pregentation, This is iﬁterpfeted as a superiomity of the left

hemisphere in resolving ambiguity. In other words, the left hemisphere

is faster in making a decision about the.nature of ambiguous emotional

stimhli_(happy or sad). threas'basic identifihation of clear-cut emo-
tional tsne of the shimuli is made by thé left hisual field (right
hemisphere). ) . : ’ R

A recent study by Berlucchi et al, (l9795‘attempfskt0 histinguish
the relative importance of two factors, namely dissrihinabiliﬁy and ver-
bal codabilihy for hemispheric dominahce in visuospatial tasks. These
investigétors hava_tesied the ability of normal subjects to read the

{
time on a clockface tachistoscopically lateralized to the right and

@

-

M
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"left visual fields, It was found that pereception of the hands on a
clockface was faster when presented to the left visual field. Further,
despite Kimura and Durnfofd"s((1974) claim that vocal reaction time

is an inadeﬁpate measure for showing the sﬁperiority of -the right hémi-

sphere (gue to left hemispheric bias for vecal output), Berlucchi et al,

o

(1979) have demonstrated a superioiity of therieft visua&vfigld in visuo-

spatial abilities using a vocal reaction time measure, As Berlucchi

et al, (1979) comment : .

" 4+ a theoretical analysis of interhemispheric inter-
actions shows that if the processing of a given :
sensory material is carried out by-one particular hemi- )
sphere, then the discrimination of that material -
shquld be faster when the output is directed to the ’

, ' -domimant hemisphére, regardless of whether the final .

a regponse is produced by that or the opposite hemi-

+ sphere, , If only one hemisphere has access, to the
ontput while the other hemigphere 1s specialized at
decoding the input, the channelling of the input into
‘the hemisphere controlling the output ghould by no
means increase the speed of the response, since infor-

: mation would have to be relayed first to the other
. hemisphere for decoding (p., 199).
t

~

’ Alsa, a suggestion has been made by Eeflucchi et al, (1979) that
verbal encoding by the‘lef; heﬁisphere'jggﬂf'be preceded by a proces-
sing of ;he visual stimulus in the'right hemisphere for a complex visuo-
spatial discrimination task (estimating the position of the hands of a
clock), Hence, it becomes apparent that both hemispheressare involved .
in processing‘complex visuospat}al discrimination stimuli, The differ-
ence lies in the degree of involvement of each of the hemispheres in a
glven taék.) As Turia (1966 a, b) maintains, higher psychological
functions are dependent dpon a coordinated’ functioning of various co}—

¢

tical zones. Similarly, Rizzolatti (1979) emphasizes the role of the

two hemispheres in discriminative reaction time experiments. The
. . -

I 2
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asymmetrical nature of.the two hemispheres in terms of. their analyzing

éapabiliﬁies myst be considered in such experiments, * Thus, according

to Rizz&latti (1979) "... for a given material, there is one\hemisphere

which is highly competent and one which is less competent or incomﬁe—
. . e > - p
tent in performing the analysis."
1

It is wortﬁ noting that "in all the studies (utllizing special test-
iqg_condit?ons) on the asymmetrical featurg of the two hemispherés, -
infe;encesAérawn are ﬁasgd oH some assumptions,that are made in hehav-
“loural studies., In a way, these studies are indirect means of drawing'
inferences gbout brain activity, Hence, in order to investigate the dif-
fering feaiurés of the two hemispheres directly, it is appropriate to
measure“the.brain activity itself (Sprinéé? and Deutsch, 1981), One
way of recording Brain activity is done by placing electrodes on the

. .
scalp, Brain waves can be recorded at various sites on the head and
these can be helpful in studying differences within and between hemi-

sphereé. Althoupglt patterns of electrical activity (often referred to

'

aé 'electroencephalogram” or 'EEG*) were being recorded and used for
cl;hical purposes in the iﬂ&lier part of the century, it was not until
the late 1960's that EEG recordings were being used to study asymmetries
of the twd hemispheres. The use of electrophysiological indices of)
hemispheric utilization has de;eloped gradually with the increasing
1nté;es; in the study of specialization of the two hemispheres, The
asymmegﬁies of the cerebral hemiséheres have been well established

from commigsurotomized p&%ulations (Gazzaniga, 1970; Sperry, 1974)

as well as from patients suffering from lesions (Milnmer, 1974), Wjth

the development of specialized techniques for presenting stimuli to
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one hemisphere at a time in dichotic listening and reaction time experi-
ments, further evidence of hemispheric asymmetry has been obtained

(Dimond and Beaumont, 1974), ’

‘ However, as already pointed out earlier, EEG studies are of poten=-
. - . - )

. v
tial value because they are free from constraints encountered in experi-
mentaY psychology étudiss and therefore provide a.more accurate measure-
ment of brain activity during a particular task. Also, these recordings

can be taken on the infant population, aphasic patients and other clini-

-

cal patients vho might not be able to respond in the manner required by

behavioural tests. Still another advantage is that EEG studieé,provide

[

an opportunity for continuous measure over time and thus can be used to
investigate ongoing brain activity while the subject is engaged in long,
complex tasks (Sprinéér and Deutsch, 1981l), Nevertheless, a problem
encountere§ in EEG studies is to relate changes in EEG to the occurrence
of\speciéic stimulus events, In fact, the complex EEG wave patterns do
not seem to vary too much during various kinds of sensory input but,
ra%hegf indicate the general arousal level of the brain, But this prob—
lgm is somewhat ove;;ome by attempts to make the gpange in response to

a particular stimulus obvious, As Springer and Deutsch (1981) point out:

«+» & computer is used to average the waveform records
following repeated presentations of the same stimulus,
Electrical activity that is random with respect to

the stimulus presentation will tend to be cancelled -
out by this process, while electricgl activity occurring
in a fixed time relation to the stimulus will emerge

as the potential evoked by the stimulus.,.., The evoked
potential consists of a sequence of positive and nega-
tive changes from a baseline and typically lasts about
500 milliseconds after the stimulus ends,” Each poten-
tial can'be analyzed in terms of certain components

or parameters such as amplitude or latency (the amount
of time from the onset of the stimulus to the onset

of the activity) (p. 89):
Y
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Springer and Deutsch (1981) have provided.some examples of tybical
encephalograms that are shown in Fig, 4.8, Four EEG waveforms represent.”
four different brain states. The nature of the stimulus is ome of the

factors that determine the exact form of the evoked potential, Evoked .

potentials vary from one sense modality to another, Auditory evoked po~

‘tegtials, for example, differ from visually evoked po&entiais. Farther, .

the site of each hemisphere geneiating maximum activity varies with the
type of the stimulus. Few representative evoked potentials to stimuld

in different sense modalities are shown in Fig. 4.9 (Springer and Deutsch,

-

1981). The major concern of investigators in EEG studies on normals is

to find out whether there are differences in the evoked poténtials obtain-

ed from equivalent locations in the two hqyispheres. A number of‘EEG‘

k]

b4

studies have been conducted on the human population (Buchsbaum and.Fedio,

1969, 1970; Galin and Ornstein, 1972; Gardiner and Walter, 1977;
Matsumiya et al,, 1972; McAdam and Whifake;, 19713 Morrell and Salamy,
1971). Electroencephalographic studies' findings have shown hEmispheria

o

asymmetry, )
B;chsbaum and Fedio (1970) recorded evoked potentials to verbal

and ponverbal stimuli from the:twonh?mispheres in normal subjects.,

The perqeptuai task consisted of a‘'list of verbal and nomnsense material,

The method of successive preseﬁtation was employed in the exﬁeriment.

Evoked electrical potentials were recor&éd.simultaneously from Fhe

left and right occipital cortex. It was foynd that verbal m;terial

.y .

and nonsense patterns produced different evoked response waveforms

"from the left and right occipitpl cortex, Recordings from the left

hemisphere produced greater differences in evoked responsé waveform for
verbal and nonverbal stimuli in comparison to evoked response waveform

N



Fig. 4.8
(From Springer and Deutsch, 1981)

(at rest with eyes open) ,

{at rest with eyes ghut)

(the dramatic spiking associated with
an epileptic seizure) .

("brain death" or "cerebral death™)

-
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100 milliseconds

- Fig. 4.9
(From*Springer and Deutsch, 1981)

.
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.. A (auditory)
B (somatosensory)
. C (vigual stimulation)

.
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for the two classes of stimuli in the right, “In addition, info;mation

transmitted through direct wvisual pa%ﬁ%ays to each Egmisphere showed
greater st?bility in ezoked re?ponse astivity,in relation to evoked
response activity from indirect pathways. ‘ a
Galin and Ornstein (1952) were two oféthe first invegtigators to
study EEG asymmetry in relation t0 the nathrq of the task performed
by normal
of normal

cognitive

0

r

iy

subjects.‘ These investigators emphasize the role of studies

subjects in making inferences of latéral specialization of

functions, As Galin and Ornstein (1972) comment:

L -
Although the "split-brain" work has showh that the
verbal and spatial cognitive systems can functién
independently, there are few studles which attempt
to evaluate their interaction in normal people,
Our opinion is that in most ordinary activities we
simply alternate between cognitive modes rather
than integrating them. These modes compliment
each other but do not readily substitute for each
other., ... Therefore, in a subject performing a
verbal or a spatial task, we expected to find
electrophysiological signs of differences in
activity hetween the appropriate and inappropriate
hemigpheres (p. 413},

*

| »

While the subject was engaged in performing verbal tasks such as

writing a letter and spatial tasks such as constructing a memorized geo-

«

1

metrical pattern with multicolodred blocks (based on Kohs block design

test), electrodes placed on symmetrical positions on the two sides of

the heqd recorded brain activity, Analysis of results indicated charac-

/

‘téristic patterns of activity.and inactivity at the scalp for the two

' cognitive modes, Results werg;analyzed in terms of the ratio ofuright—
hgmispherg EEG power (R) to 1eft—ﬁemispher% EEG power (L). -sThe right/
left hemisphere powér ratio was 1.1l5 for the spatial task and 1.30 for
the verbal task. The aﬁount of elect;ica% energy being produced per

unit of time is called EEG power. R/L power ratio was found to be

¢

a

-

-
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significantly great%niin the verbal than in the spatial tasks, Alpha
activity was the dominant rhythm in the EEG records. Since alpha

rhythms reflect a“resting brain state, less alpha rhythms is presumed

. 4
to reflect-the greater involvement of the hemisphere that is predominant

in a particular task accomplishment. Galin and Ornstein (1972) noted

relatlvely less alpha activity in the left hemisphere while the subject

was engaged in a verbal task as compared to the amount of alpﬂ!’activity

-

while the subject was performing a spatial task, Similar fiqdings'

¢ .

were obtained in studies of activity in the alpha band (Dumas and Morgan,
1975; McKee et al., 1973; Morgan et al,, 1971). Thus, the asymmetrical
feature of the two cognitive modes in*normal subjecta.was noted, ¥Find-~ '
ings of a later study by Doyle et al, (1974) supported earlier findings.
Cognitive mode was found to be reliably reflected in patterns of EEG:,
lateral ‘asymmetry. Hence, Doyle et al. (1974) have rightly concluded:

. . . i

e+ that EEG analysis can be a powerful method in

studies of the brain mechanisms relating to cogni- s

tion, It is essential, however, to take into ac-

3 count the effects of electrode locus, frequency
band, task demands, and the levels of engagement °
and performance (p. 577).

The role of task demands in EEG analysis of lateral asymmetry as

s

emphasized by Doyle et al. (1974) has been taken into account in a study

-

by Morgan et al, (19745. EEG alpha activity was recorded from the oc~

- .

cipital lobes in the left andﬂright hemispheres while subjects were ih—
volved in analytic (verbal and nﬁmerical) tasks, spatial (imagery)
tasks, ; music task, and under hypnotic susceptibility state., An alpha
laterality score was calculated by obtaining the per cent ‘difference in
the amplitude of alpha in the two hemispheres. The laterality score

. -
was significantly different between the analytic and spatia} tasks.

-



~ l4b = ~

However, due to the. fact that spatial tasks were considered "easier"
» .
4s compared to analytic or music tasks, the role of task difficulty

could not he cleariy ascertained, Significantly more total alphg,

was recorded from the right hemisphere during analytic tasks than dur-
‘X -¢

H .
ing spatial tasks. Two possible explanations have been indicated by

§ . ®

Morgan et al, (1974), They are: "{1) ... laterality is a function of
task, i.e.,, analytic tasks are processed primarily iﬁ the left hemi-
sphere, spatial tasks in the right; or (2) ... laterality is a function
of task difficeﬁty, with those tasks requiring more cognitive work

being processed in the left hemisphere, easier tasks in the right."

-

% R
However, a conclusive decision could not be made on the basis of the

data avallable., Also, no differences in laterality were noted between ..

)

the high and low hypnotizables during hypnosis, If hypnotic stimuli

should be "easier” for the hypnotizable subjects than for® the non-

[y

hypnotizable, the available finding did not support the difficaulty

RS

hypotgesis. .
The function of stimulus location in the\aﬁalysis of visual cor- ‘
stical evoked potential (VEP) has been investigated by Andreassi et al,
(1975). Two separate experiments were conducted on normal subjects with
no visual system defects other than myopia (corrected to 20/20). The
VEP was rgcorded from left and right occipital hemispheres while stim-
uli were being presented binocularly, In the first experiment, three : ‘
stimulué locations were used and in the second experiment seven stim- " )
ulus lqcations were usegl Results of both experiments indicateqkthat
when stimuli were presented in the left visual field, the primary
right Sccipital lobe produced shorter VEP latencies as compared to .

" gimultaneous recording of VEP latencies from the secondary left

A



-

- 147 -

occipital lobe, The opposite latency results were noted when 'stimuli
i

appeared in the right visual %ield and the left occipital lobe was func-

n

B - J .
tioning as the primary area. In addition, experiment TI indicated a-

\
-~ tendency of decrease in VEP amplitude with the ificrease in distance‘o%\

A

the stimulus from the fovea. The VEP latency asymmetries have bgen ex-
plained in terms of the angle at which the visual stimulus’enter the re-~
tinas of the two eyes from va;ious lbcations. In other words, when the
stimilus appears in the right visualﬂfield, it falls mowf directly on
the temporal retina of the left eye and the nasal retina of the right
eye and, hence, results in a shorter latency of. VEP response recorded
from the left occipita®l lobe., Similarly, when the stimulus is presented
in the left visual field, it impinges most directly on the temporél re—
tina of the right eye and nasal retina of the left eye, thus producing

a shorter VEP latency from the right occipital lobe, Od\th; other hand,
when the stimulus appears directly ahead, no differences of VEP.latencies
occur beqause the angle of the stimulus .for both retinas is similar,
These findings are important in the sense that the role of sti;ulus loca~

w

tion becomes apparent, Therefore, Andreassi et al. (1975) point out

" ... that researchers must be certain that stimulus location is contril-

L ©

led, and that the stimulus is fixated in a similar manner by all sub-

jects, before firm conclusions regarding VEP asymmetries and behavior

L3

can be made,"
A rather remarkable cross-~hemispheric symmetry of VEP has been re-
ported in normal subjects (Harmony et al,, 1973). Recordings were ob-

tained from central, occipital,..temporal, centro~occipital and occipito-

/

/
temporal left and right derivations, Simultaneous recordings were
- \ v +

made from homologous derivations, ‘Analysis of homologous pairs of VEPs

[

>

| S
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indicated quite symmetrical VEP at all scalp derivations used in the
experiment, On the other haﬁq, other researchers have noted ;symmatric
evoked potentials with larger amplitude components in the right hemi~
spheres (Bigum et al,, 1970; Giannitrapani, i967; Rhodes et al., 1975;
Richlin et al,, 1971), Richlin et al, (1971) obtained visual evoked cor-
tical responges that reflected an interhemigp@gric asymmetry consistent
with the nonverbal stimuli employed. The amplitudes of the left hemi-
sphere were lower than those of the right hemisphere, Similarly, a num-
ber of other studies have pointed o;t that evoked response asymmetry is
related to lateralization (Buchsbaum and Fedio, 1970; Matsumiya et al:,
1972; Morrell and Salamy, 1971; Vella et al., 1972; Wood et al,, 1971).
In the experiment by Wood et al. (1971), elecg;ical activity'was
recorded from temporal and central scalp sites over the left-hemisbhere
as weli as from corresponding areas over the righf hemisphere while the
subject was engaged in two auditory taskq. One task required analysis
,of acoustic parameters importané for making a linguistic distinction,
while the other task required analysis of an acoustic parameter which
gave no linguistic information at the phoneme level. Evoked potentials
from‘fhe two tasks were found to differ only at left hemisphere loca-
tions., Evoked potentials recorded from thé right hemispheré*for the ‘
two different asks were found to be iﬁentical.~ Thus, their rgéults
indicated that different neura% events oceur inlthe left hemisphere dur-
ing a;alysis of linguistic versus n;nlinguistic parameters of the same
acoustic signal. 1In addition, the investigators noted a strong support .
for the idea\that a unilateral neural network is specialized to handle .

those lingulstic processes essential for speech perception,

Similarly, Morrell and Salamy (1971) observed hemispheric asymmetry
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in electrocortical responses to speech stimuli, Electrocortical re~ -

s

sponses to natural gpeech stimuli were recorded from symmetrical sites

in the two hemispheres at frontal, Rolandic,‘and temperoparietal re~
gions., Analysis of data suggested that specialized neural pathways were
activated in the left temperoparietal cortex whén speech sounds were per-
ceived. The corresp;nding posterior right cortex indicated specializa-
fion for tertain Lypes of visual perception. Hence, these electrocor-—
tiFal mea?ures seem to be of considerable value in st?dying higher men?al
functions of the brain. Interhemispheric asymmetry in auditory evoked
reséonses to verbal and nonverbal materials was .also noted by Matsﬁmiy;

‘et al, (1972). However, they concluded that meaningfulness of the sub™
ject of the audfﬁory stimulus may be more related to the ogcufrénce of

3

the 1nherhemispher%§\asymmetry in aué%fory evoked responses than the

[} 1 .
mEre use of verbal versus nonverbal materials.
3 Y

. \ .
Lateral asymmetry in Qgrms of speech and nonspeeech stimuli’ has been

further investigated in human infants, children and adults (Moifése et
[ .

" v I

» Al M
al., 1975), Auditory evoked responses were recotded over tempoxal re-

gions in both the hemispheres., Results supported earlier findikgs in &

that auditory evoked responses from the left hemisphgré.to speech )stim-
uli'were larger in amplitude .than right hemisphere auditory evoked, re-

sponses in all three groups of subjects, As expected, nonspeech stimuli

produced larger ampligudes of auditory evoked responses in the right - |

H

hemisphere, An additional finding that lateral differences to both

°

types of stimuli decreased*with age was noted, A possible explanation

S

offered by Molfese et al. (1975) is related to the maturation and the

CY \

myelindtion o%\the corpus callosum and other commissures that .intercon-

~ ~
nect the two cerebral hemispheres. According to them, with increasing
LY

i
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myelination and developmgnt there will be more interaction between the

two cerebral hemispheres and, hence, less lateral differences. Une ex-

ception is that a decrease in lateralization with age.was noted, In con-
. -

trast to mechanical stimuli and quech syllables, word stimuli produced

greater lateralized res%onse in children than in infants and adults,

¥

This inconsistency may be due to the meaningfulness of;éhe material

K3
3

(pointed out earlier by Matsumiya et al,, 1972) and due to differences

in attention between children and adults inh.the testing i}tugtion .

(Keating and Ruhm, 1971), By now it seems quite clear that asymmetry
%

P
in the functions of, the two:hemispheres has been well established

~o o

An 1mportant contribution to the study of lateralized’ cognitive

Pl

functlons, however, has been made by Galin and Ellis (1975)., They 'made

"

a direct comparison‘of asymmetry of alpha anQ‘evoked potentials in the

-same subject®, performing the same tasks, The EEG alpha asymmetry was:

* . 1

*manipulated and its effect on superimposed evoked potentials was noted,

+

This was accémplished by allowiné the subjécts to'engage in spatial and ;‘

»

verbal tasks, and simultaneously presenting flashes ™~ throughout the accom -
plishment of the task. It was found that both EEG and evoked potential’
asymmetry measures reflected ‘the hemispheric specialization for the

»cognitive tasks used in the experiment, They report that changes in

evoked potential power and peak~trough amplitudes co-vary with the task-

. dependent asymmetry of the EEG alpha power, Also, thelr finding sug-

gests  that }he hemispheres process even simple stimuli differently Hepend—
~ t 4

ing on their involvement in concurrent activities,
On the coﬂtrary,»Mayes and Beaumont (1977) found that the nature*of

the cognitive task had no significant effect on evoked ﬂptenflhl asym-

" [y

metr&, 'In one respect, their results’ were similar to Galin and Ellis'

.
' N \
.
*
.

- -t G G
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(1975) results, for althoughnthey do not involve task related changes in

evoked*potential asymmetries, they do indicate that coneurrent cogni-

*

tive activity affects the way the cerebral hemispheres process even '

simple stimuli, The discrepancy in the findings of Galin and Ellis

.

« . (1975) and the pres®nt one has been explained by Mayes and Begumont

-

(1977) in terms of an experimental situation which contains too many un~

. *

: controlled: factors. Neverthelkss, both stldies agree on ghe‘effect of

concurrent cognitive aectivity in the processing of simple stimuli which

. eould be very useful in the field of psychology.

»

Electroencephalographic study has also been very useful in localiza-.
\ . ¥ - ' .

- T tion of larguage production (McAdam and Whitaker, 1971). 1In fact, re=

sults of their study are the first evidence of lecalization of language
* ¢
production in the normal human brain, The salient features of the elec~

trical activity preceding language production has been summarized by

McAdam and Whitaker (1971): .
First, when electrodes are placed over the inferior

frontal sites of the left hemisphere (presumably

Broca's area) and of the right hemisphere, larger .
negative potentials are recorded from the left hemi- W
sphere. Second, inferior frontal and precentral po-

tentials show significant differences between hemi- .
spheres, which is sugpgestive evillence for,within- ’
hemisphere localization (p. 501-502), . e

-Asymmetry of auditory evoked potentials elicited by linguistic stim-

-

uli have been also reported by Thatcher (1977). ASymmetries were found

to be generally absent to tgndom dot control stimuli and appeared most

i

clearly to the second wordé in the synonym, gntonym;”heutral comparison
. Y o

paradigm, Hence, phese'ffhﬁings support the resu;ys of earlier studies

showing auditory evoked asy’ etries with visagl and auditory stimuli,

These asymmetries were maximal in posterior regions of the brain

.
v



e
‘on neurological patients that indicaté greater symptom differentiation

b
(ocecipital, parietal, and posterior temporal) and did not involve lat-

eralized'eye mpvéments. However, Thatcher (1977) remarks: "The pre-

T ¥

cise»éﬁaning or significance of the asymmetries in terms of language
. ! . - W

processing is.currently unknown,"

L]

! Hemispheric lateralization has been noted in 6-month-old infants

AN
too by recording brain activity from homologous sites over left and
. Y

1
right hemispheres during presentations of normal speech and music stim-
ull (Gardiner and Walter, 1977). 1In all fou{ infantg, interhemispheric
differences between the processing of speech and music stimuli were noted,

These results with infants are in line with the findings,pbtainéa from
L

adult studies and also indicate early differences in lateralization for
the processing of speech and music stimuli,

Sex differences in terms of brain asymmetry have been noted, A
number of investigators have suggested that men display‘latger percep—

tual asymmetries on laterality tests than do females on both spatiél

> “

tand verbal cognitive processes (Baken and Putnam, 1974; Kimura, 1969,

»

1973; McGlone amd Davidson, 1973; McGlone and Kertesz, 1973; Lake and

Bryden, 1976; Levy, 1980). This inference has been supported by data

e

depending upon which hemisphere is damaged in males compared to fe-
males. Lgft hemisphere damage has been found to reéult‘;n less severe
linguistic diiorders in women than in men and in greateF chance of per~
ceptual dis rders, Likewisig right hemisphere damage has a ‘lesser prob-
ability oﬁrj;srupting visuosgpatial aﬁﬁlity in women than in men and a
greater chance of disgrupting certain logical-verbal functions, In right

hemisphere tasks, men tend to have a greater left-visual field superior-
* y)

ity for dot location and dot emuneration than women. Also, men surpassg}

®

i oo e
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females in certain visual-spatial tasks (Harris, 1978; Maccoby and
Jacklin, 1974; McGee, 1979; McGlone and Davidson, 1973). Thus, it may
be that the right hemisphere is more, clearly specialized in males than
in females, In contrast, females seem to exhibit greater verbal fluens;
than males, although Kimpra (1973) éoints out that thers is no evidence
that adult females show greaﬁ asymmetry in speech 1ate‘;:aliz51tion than
their male counterparts.

Afright hemisphere specialization for v;suospatial tasks emerges
earlier (as early as the age of 6) in boys than in girls (Witelson,
19762. On the contrary, a left hemisphere superio;ity for verbal
and other related cognitive tasks has been sometimes noted to emerge
earlier in girls than in boys (Kimura, 1973; Levy, 1980), According to
Levy (1980): "Bioiogical differences in the two sexes apparently con-
trol hemisphere maturation rates through undetermined mechanisms,"

On an examination of litergture on sex differences in psychological
’ . . .
functions, one encounters a great deal of controversy among research

findings., In one instance, males showed a faster reaction time to faces

-

when' presented to the right hemisphere in comparison to reaction tipe

obtained froq left hemisphere presentation, On the contrary, females
.sho;ed a total lack of hemispheric difference (Rizzolatti and Buchtel,

1937). McGlone (1981) not only observed sex differences in spatial and

verbal tasks but also noted differences in behaviours of the two sexes -
/’duriﬁg spatial and verbal problem solving. In general, females showed

a higher frequeﬁcy of certain types of movement’ patterns th;n their

male counterparts, On a verbal fluency task, sexual variation in terms

of moveﬁent patterns did/not occu}, but vocalizations occurred mere

often in females than in males, Levy (1980) has -beautifully summarized

§ v

-
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these findings:

In general males have been found to We superior to

* females in map reading, three-~dimensional visualiza-
tion, understanding of physical principles, and
mathematical reasoning, while females have been found
to surpass males in reading skill, verbal fluency,
noting of fine visual details, incidental memory
(i.e., noting dnd remembering 6f aspects of experiences
that have no direct bearing on a particular well- )
structured task), pure associative memory (where a
well-structured cognitive framework is not available
for the organization of new information), and under-
standing of social relationships ... In brief, there
are some right-hemisphere processes in which males sur-
pass females, others in which the sexes do not differ,
and still others in which females surpass males, The
same holds with respect to left~hemisphere processes.
The smaller degree of asymmetry between the female
hemispheres seems to be related to a field~dependent
cognitive style which is more prevalent in females*
than males. The admixture of vesbal and perceptual
processes within the same hemisphere in females,
versus their extreme separation into diffeYent hemi- -
spheres in males, may play a critical role in the psy-

. chological differences in the sexes (p., 368-369),

In addition, Levy (1980) points out that it seems that feth sex
hormones play a significant part in conditioning the differegces in the
males' and females' brains., In a nhtshell, it seems clear'fﬁat the two
sexes do differ in the degree of brain asymmetry. However, a great de~
gree of clarity is yet to be found regarding the causal relationship
" between hemispheric and psychologicgl differences between the.;exes and
the causal role of biological versus cultural factors (Levy, 1980).

The technique of measuring bilood flow in the cerebral hemigpheres
has also been used to invegtigate differences in the activation of the
two cerebral hemispheres under various psychological functions. The
flow of blood through the tiss;;s of the body varies with the metabolism
and activity in those tissues, It QAS beennoted that bhlood flowtiwhich

supplies essential nutrients to the various parts of the body and removes

.

-

\ . .
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waste produéts, i§’very sensitive ‘and responsive to minute changes in
cellular activity, In-pther words, changes in the‘activity of the
various parts of the brain are reflected in éﬁe relaiive amount of )
blood flowing through those areas. Hence, the technique of measuring
blood flow becomes very useful in understanding the roles of different
parts of t@g braig in a particular mental task, A numbér éf blooda~
flow studies have been conductéd to study specialization of the two.-
hemispheres kGur and Reivich, 1980; Lassen et al., 1978; Risberg et al.,
1975), '

_Cerebral blood flow is measured while the subject is made to inhale
a special -air-xenon mixture with the aid of a special monitoring device,
In one study, Risberg et al. (1975) observgd that the mean left—heﬁg—
_sphere flow was greater during the verbal analogies task Whereas’the
mean right hemisphere flow was greater during the picture comple;ion
task: Also, measurement of %egions that- contributed ?%e mogt to the
interhemispheric blood flow differences were measured, The laggest
differences were found in t%e frontal, fronto-temporal, and parietal
\regions for the verbal tasks, Differences betwegﬂ corresponding regions
of the hemispheres were very small in the gesting state,

In a recent study on normal individuals, Gur and Reivich (1980)
obtained somewhat similar results. A verbal task led to an increased
blood flow in the left hemisphere whereas éaspatial task induced only a
nonsignificant increase in right-~hemisphere blood flow, However, indi~
viduals indicating:an increaseq blood flow in the right hemisphere scor-
ed bettef“oﬁ the gspatial task than those indicating either no change

in flow or an increased left-hemisphere flow. Thus, it can be seen

that people do differ in the degree of activation of'the two cerebral

o B v elelilon o gm B g v I P T e et DR 1]
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hemispheres. In summing up, cerebral flow techniques (thoygh not refi-

® ®

ned enough at the present to provide agccurate information about the

i
deepest regions of the brain) lead a step further in obtaining evidence

>

for cerebral lateralization in human psychological functioning, .

-~ -

At a glance into the literature 6& cerebral asymmetry Qf the brain,
it becomes clear that evidence for lateraglization is gbundant, Some
controversies do exist but that is only normal in a scientific stﬁay.
Disagreements open up new a;eas'for research and provide further in-
sight into some of the factors that might have influenced the general
infer‘ces drawn on the subject, Data on the asymmetrical nature of the
brain have been inc}easing since the pioneering research on split-brain )
patients in the 1960's by Nobel Prize winner Roger Sperry and his co-
workers. Gradually with the development of dichotic 1i§tening, later-
alized tachistoscopic presentation and EEG géchniques it became possible
to explore the functions of the normal brain, The credit goes to
Kimura'for developing a dichotic listening task in.yhich a headset was
used to simultaneously pl;y one melodic pattern to one ee;/and a differ-
ent one to the other ear, The subject was then asked fo choose the two
melodies that he or she héﬁ just heard from four melodies that were
played one by one to both eabs. As we all know that melodies are pro-
cesged by the right temporal lobe, the subjects' performance was better
in choosing the two melodies when prgéented to the left ear. These re-
sults were very emcouraging and researchers in the field began exploring
the characteristics of the verbal and nonverbal processes in the brain.

*

Similarly, tachistoscopic pregentation of visual stimull contributed a

great deal in exploring brain laterality,
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Kimura (1973) has suggested‘thét the functions of régions near the :

s

striate cortex, the major visual receptor in the hemispheres, are ex-

plored with the tachistogcopic tests, whereas the functions of the
B . ° \J ‘.
temporal lobes are explored with the help of. auditory dichotic tests.

=

The two taKen together have conttibuted in deriving certain conclusions

about the perceptual processes in the normal brain, Thus, Kimura (19}3)

“

el 5
concludes: - - o ,>

.- N ")
w ;

+e» the.posterior part of .the right hemisphere is in-

volved in the ditréct analysis of information about the

external environment. The parieto-occipital area is -
.- particularly critical fgr the kinds of behavior that

are dependent on spatial relations, whereas the temporal

region takes part In processing nongpatial stimuli such

+ as melodic patterns and nonsense designs (p. 366),

The major controversy in the l;terality issue has eften centered
arounérlingu{stic functions of the brainw In a very recent art%cle in .
the American ég;Zhologist, Gazzantga (1983) asserts that in the normal
bra:in, the right hemis;;here remains nonlinguistic, It is only in cases
of early damage té the critical areas of the left hemisphere that evi-
dence of lingu&stic functions are found in the right hemisghere. &his

is attributed to the plasticity of the brain.in early years of develop~ 7

-

ment, With regard to the behavi;ural and cognizive charactefibtics of
the nonlinguistic’¥ight hemisphere, Gazzaniga (1983) maintains that , ~ .
the riéht hemisphere is passive and nonrequhéive and the limits of its

cognitive abilities (when goféd in split-brain patientg)'%onsistshof

simple comprehensive skills reflecFed in ffmple matcpintho-sample

tasks. Levy (1983) agrees to the typical nonlinguistic nature of the

}ight hemisphere‘ﬁexcept in clin;cal cases). Hewever, she does not

agree with its limited cognitive abilities in cases where -evidence ° .

is noted, Levy (1983) rightiy concludes : »
]
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«»s the evidence is overpowering that it is active,
responsive, highly intelligent, thinking, comscious,
and fully human with respect to its cognitive depth
and complexity. The metabolic costs of the right
hemisphere are paid because its functlons are of cen—
tral importance, It is large because this is demand-
ed by the intellectual capacities it possesses, It
has human intelligence because it evolved as a human
brain (Pc 541). R N *

_The precise limits of the right hemisphere in relation tp linguistic
funcéions remaing to be determined (Zaildel, 1983), Finn (1983) points
Gut tﬁat the layman is baffled by the differing,vi§WS of the experts in
brain research, For some, the right hemisphere is nonresponsive and
for some it is not, Others give equal importance to both hehispheres.
and still others ma®ntain the view of left hemisphefe doﬁin@nce.' There
is also the view that two consciousnesses’are dancing in almost perfect
unison in the normal mind, Thus, the split-brain research keeps on
generating new questions %bout our normal braius,

As already mentioned, noninvasive techniques (dichoticrlistening,
tachistoscopic.presentation, EEG and blood flow) have contributed signi-

"

ficantly to an understanding of hemispheric asymmetries in,psychdlogical

functioning., The anatomical a;ymmetry has also been n%ped in the normal
human brain. However, a great deal remains to be explored, Despite
some of the limitations of such techniques, studies employing-these non-
invasive techniquesg are expected to continue to unravel.parts of the

~

lateralization puzzle. The question remains as to how exactly the

brain combines the laterallzed functions into a unitary whole-integrated

behaviour, While the search for answers to the question continues, one

’

must not forget that individuals differ from each other, As Levy (1980)

points out:
—

-
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G n current ideas that all individuals are biolog-
ica 1y identical and susceptible to being molded into
. some "perfect" type is a denial of our mutual inter-
dependencies ,... we must value and engourage the dif-
ferences among us that simultaneously offer the pos-—
sibilities of self-fulfillment and a stable, noncoer-
cive, and beneficient social organization (p. 374).

The above is a note of caution especially for educators who tend®

to expéﬁt a symmétgzcal pattern of learning in all their students, Bio-

i
logical ﬁgheritance is important 1n regulating their behaviour, never-

theless each child is unique in terms of his psychological functionlng.

3

The educational system often assumes a very important role in developing
. -
each learner's psychological capacities to his optimal potential. In

case of biologically identical individuals, there would be no signifi-
cant differences between them, Since this is definitely not the case,

one standard curriculum for a particular grade level would not suit the

4 E
needs of all students in that specific grade.
t

flence, the next chapter will be dtvoted to the subject of educa-
‘tional instruction in relation to neurophysiological research. Based
on findings in the preceding chaptérs, an attempt will be made to sug-

gest possible changes in" the present‘gducatidhal system to provide

stme degree of diversity in the methodology of teaching all students,

.

~
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=#Chapter V

Educationél Implications of Cerebral Asymmetry

Formal schobling remains an important element of our educational
procegs., It is often viewed as a means to a ?etter, more successful
life in our complex modern world. Schools are here and are going to

] o
stay around, hence we educators haGE an important role in devising ways

to make the best use of them. We are living in a highly competitive

society, where each of us is struggling to get ahead without much re-
+ .

gard for those around gg. Western society has equated the good life with
material consumption at the expense of individuality, The individual's
behaviour is controlled and directed through the manipulation of stimuli.
The primary concern is how to gét people to dg what'others wish them to..
In other words, individuals' lives are directed by others, In the pro-
cess, one's individuality is lost and the peréon is deprived of his inner
qualitigs guch as imaéination and invention, According to Ferguson
(1980): ;Human'nature 1s neither good nor‘bad'but open to continuous
trangfor;ation and transcendence, It has only to discover itself," Thus,

unless the opportunity and encouragemént ig given, the individual will

not be gble to un}ock his immense mental capabilities, Even "natural"
abilities such a8 learning to w;lk or talk need encouragé;ent. If babies
are kept in cribs in institutions with nothing to do but stare at the
ceiling, they will walk and talk very 1fte, if ever. These capacities
have to be released in order to let them\ﬂevelop in interaction with

other individual members in the enviromment, Controls from society have

led to a feeling of ingecurity among individuals which is reflected in

|- S '

—
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the state of uncertainty rampant in todayts society, Hence, energles
of North American education should be directed towards c¢reating an in-
dividual who is not only a self-centered 'private" citizen but also a

"public" citizeni as Beals (1981) comments,

+++ one who also is responsible to family, employer,'
and country, but who al%o is openly energetic and
comuitted to an active involvement with his fellow .
man, one who feels a committment to and responsibil-
ity for the well-being of those around him, who de-
fines his community in a universal sense rather than
in terms of a specific geographic locale (p, 97-98),

Present day society is so heavily dominated by the mass production
and perfection a;d duplication of products and services that these be-
cdme the standard against which most things seem to be evaluated. This
affects our educational system too, Education is directed towards ful-
fillmeni of the needs of a mechanized society rather than on an indi-
vidual's needs. Learning outcomes are meadured by the use of standardiz-
ed tests. Anything which is not observable or measurable 1s discarded
by the educational community., The phenomenon of stimulus-response,
cause~effect chain of events in the learning process has becgme a part
and parcelzdf the educational gystem in the present- temporal society,
In other words, the primagy goal of education then is to educate indi-~
viduals to %unction in a computerized society, In the process, the in-
d%vidual is deprived of his own autonomy; his immense capabilities re-
main locked yithin hig Bfain. By now the€; is sufficient evidence that

@

clearly indicates that human brains do not operate in simple S-R terms
but engage in thé discovery and creation of geaning. As Combs (1982)
comments : "Awake or asleep our brains constantly seek to make sense of

inner and outer experidhce. We are seekers and creators of meaning and

the meanings we create determine the ways we behave." Thus, due to the
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complexity of each human brain, it is all the more important that we do

- »
L4

not exercise our control over it, Each brain consisting of more than

ten billion neurons and each with as many as fifty t@o?éand synaptic con-
nections 1s not an easy one to understand. Lach has its own limited ca~
pacity to handle lnformation at various étages in the eourse of develop=-
ment of a fully mature brain, Hence, too much pressure and demands put
on the child in the school might hinder his total grqwth process, Young
students are often expected to aq‘hst and accommodate experiences beyond
their capabilities., 1In an interview with Goleman, Ashley Montagu (1977)
highlights the soclety's (particularly the scheool's) disrespect for chil-

dren:

e L3
.+s We require them to follow rigid rules and, in
schools particularly, we cause children to learn in
ways which are the very antithesis of actual learn-
ing. We force them to repember and regurgitate large
quantities of rote-remembered facts for certain ri~
tuals that we call "examinations", and those who have \
the highest diggorgitive capacities are considered®

the most inteI¥Ygent and the most highly rewarded
(p. 461},

*

Hence, it is high time the goals of education be reexamined. Chil-
P
dren have been’through enough of learning according to rules and pituals

set by 'others', Modified goals of education must be holistic and human
with special emphasis upon helping its young people to actualize their

-

innate mental potentialities, 1In other .words, a comprehensive education-

al curriculum is needed to facilitate full development of mental capabil,-:a i
ities in each child. The need for the developmené-of a holistic approach .
in the educational system has been pointed out by investigators like
Ornstein (1969, 1973, 1977) and Bogen (1975, 1977), Thus, the time for
paradigm change has come. Kuhn (1962) has discussed at great lené;£ the

. L
idea of paradigms, closed systems of belief, scientific enquiry, and
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A paradigm is a scheme for understanding and explaining cer-

tain aspects of reality, Although Kuhn (1962) used the term 'paradigm'

“
in writing about science, it has been widely used in education and in

other fields as well, The question of paradigm change or shift arises

-
only when the 0ld paradigm is unable to explain emerging new facts,

Thus, a new pa;adigm emerges which does more than the old paradigm, It
13

\

predicts more accurately and gives more room for new exploration, Ac~

cording to Kuhn (1962), this change in paradigm is sudden, occurring

all at‘once.

[4

The new paradigm demands such a change that members of the

old paradigm find it extremely difficult to adopt it, A few may never

accept the new one. But gradual;y, the new paradigm receilves recognition

| by a new generation of thinkers. Ferguson (1980) gives a list of the as-

sumptiong linked with the old and the new paradigms of education:

w

Assumptions of the old paradigm:

12,

l 3-‘
14,

.Emphasis on content, acﬂring a body of "right"

information, once and for all,

Learning as a product, a destination,

Hierarchical and authoritarian gtructure, Re~
wards conformity, discourages dissent,-

Relatively rigid structure, prescribed curriculum,
.«. emphasis on the "appropriate" ages for certain
activities, age segregation, Compartmentalized.
Priority on performance,

Emphasis on external world. Inner experience often
considered inappropriate in school setting,
Guessing and divergent thinking discouraged,
Emphasis on analytical, linear, left-brain thinking.

Labeling (remedial, gifted ...) which contributes ¥
to self-fulfilling prophecy.

Concern with norms. P

Primary reliance on theoretical, abstract "book
knowledge". : o
Classrooms designed for efficiency and convenience. «‘

Bureaucratically determined, resistant to commun~-
ity input, )

5 . b N A Y



degrees from reputable u iversitieg where clear andlytical, logical
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LY
15: Education seen as a social neiLssity for a certain
period of time, to inculcate minimum skills and
. ' train for a specific role, \\ . .
1. Increasing reliance on technology ‘(audiovisual
equipment, computers ,..,) dehumanization.

17, Teacher imparts knowledge ... Y
Assumptlions of the new paradigm: + ‘\
4
*1l. Ewmphasis on learning how to learn, how to aak good
questions, pay attention to the right things ...
2, Learning as a process ... . ’
3, ... encourages autonomy. L
. 4. Relatively flexible structure ... . : .
+ 5, Flexibility and integration of age groupings ... =
6. Priority on self-image as the generator of per- ) i
¢ formance,
: 7. Inner experience seen ag context for learning.
Use of imagery, storytelling ... "centering'" >

exercises, and exploration of feelings encouraged.
8. Guessing and divergent ,thinking encouraged as part.
of the creative process.
. 9.« Strives for whole-brain education ... fusion of
, the two processes (left—brain/right—brain) emphasiz-
ed.,

10. Labeling used only in minor prescriptive role and
not gs fixed evaluation (affecting) individual's
educational career,

11, Concern with the individual's performance in terms
of potential ... .

12, Theoretical and abstract knowledge heavily complement- R
ed by experiment and experience ... N

. 13. Concern for the environment of learning ...

14, Encourages community input, even community control, foe e

15, Education seen as lifelong process ...

16, - Appropriate technology, human relationships between
teachers and learners of primary importance, °

. 17. Teacher is learner, too, learning from students
(p. 289-291). .

From the above, the contradictory nature of the two paradigms of -

% ‘\.\ 3

education becomes ‘clear. Out western gociety is mostly governed by the .

r

game of winning/losing, associated with the old paradigm. The problem

e

is that thd\educgto 8 who are involved in education policy making‘themr *

selves have been edu ated in, the old or traditional meathod, Many ﬁnld



3
b

- 165 -
methods of thinking and problem-solving are the standard (MacKinnon%
3 ‘ ‘
1981). The logical, rational mode is so grounded in their thinking:
\ ‘,\

rocess that they cannot conceive of any other form of thinking. Thus,

- the educntional curriculum tends to be loaded with a one-dimensionalf

- ¥

approach to learning, Rellance on verbal‘rationélity has led many to
believe that this ig the only1§ay to gain knowledge. As Maslow (1969)
‘hgs right&y pbinted out: '"If the only tool you ha&é is a hammer, you
fé;d to trEa;’evenything as if it were a nail,”" The one~dimensional
approach to learning and éognition is perpetuated by a, literate cul~

« ture cbnsfst%bg of educators of¥the old paradigm group, A,classié

z

: example of this one-dimensional apptoach can be seen in the teaching
f LI R ' &
aof réadfng and writing in the early grades, Often children as'well as

‘their teachers in the primar§ grades experience probléms. Since many

L
[y

primary grade children-enter*school without much reading or writing
readiness, partly ddé%to lengthy hours in front of thle television
*

set in their firét_five years of life, tﬁey éxperience difficulties in

T s
learning to read and write, Television's effect {s mainly spatial and

‘\}

'This is céptréry to the school’

$

. , N
holistic, rather than just linguistic,
expectations, Ina nutsheli,'the present school system is mainl& con-
- - . N ‘
cernéd with the verbal rational knowledge, Creative arts.and music

t

faii'outside the dpmain_of“gducation for the old paradigm-group, This

¢

occurs as a natural result of igngring the,ﬂunconscigus" side of the

A
-
.
oy

brain. As Blakeslee (1980)* rightly .comménts: . ’ \

e
- 1% » &
i

ves A sort of academic dream world has been created

in whidh putely left-brain ‘thinkers admire each other's
"scholarliness”, Many students who earn their Ph,D.'s
become so. habitually "left-brained" that they are unable -
to do anything but become "scholars" themsélves, The :
system thug feeds' itself and becomes more and more -

22

H

L
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scholarly and less and less intultive ,.. Most policy
makers of primary and secondary education have doctor's
degrees. The.result is a selection process that elimi-
nates thinkers from high positions in educatiop. People
who started out with a good intuitive feel forjeducation
often have it "educated out" of them in the prLcess of
getting their doctorates (p. 56-57), Ve

’
This left-brain take-pver of higher education affects the field~

of education right from the ‘elementary level, Unfortunately it is
much easier to talk<agbout the drawbacks of the educational system than
to do something about them. A real change in the system will only

occur when the basjec thiwking of thé“ﬁﬁsigz;ducational establishment

is changed. This can he gchleved by creating an awareness off another
intultive mode of thipking in the\:ociety, especially in the educatiomal

community. It is an extremely §if icult task to change theilr way of

thinking overnight but certainly efforts toward it migﬁgfbe fruitful in
L

the long run. Already aparadigm shift has occurred in education. A new

kd ¥

emphasis on the holistic mode of thinking is gaining prominence in educa-
tional circles, Members of this new paradiéh,group believé in a holis~ .

tic approach to education, where both verbael rationality #end non-verbal

-

"\
intuitive .capacity are given‘equafaimportance (Bogen,. 1975, 1977;
Ornstein, 1972%. Ignoring either mode of: thinking (ve?bal or non-verbal)
e ~1
is likely to lead to serious consequences both to the indigidual in

parti%ular and to sotiety at large. Hence, to brlng abBut a change

in the current educational system, it is highly important for educational

»

researchers to utilize findings from the field of braimresearch too. A

o
i

multiplicity of 5perations interpretations, and “inferences charactd®ize
»

the complex reality constgucted by the Hﬁﬁan brain. Hence,. Sflwester et

,al, (1981) rightly feels that the edueational and medical professions might

.
A ¢
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get much closer by the'end of the decade. Since both are concerned yith
the development and maintenance of a healthy bréin and body, they need
to interact much.more and work.together to achie;e their common goal.

Recent startling research on brain growth might boost learning in
schools, Epstein (1974a, b, 1978, 1979) based on a series of investiga- \
tions concludes that brain growth is not a Sméoth, continuous process
as assumed for a number ‘of years. Instead the human brain develops in
spurts that can be predicted z&‘:y age. He uses the term “phrenoblysis"

(a Greek word) for spurts of growth in brain and mind. 'Phreno" means e

L

skull or mind, where "blysis" refers to a welling up of matter (1974a).

Epstein began hi§ study of brain growth by examining children's brains

and investigating large numbers of children's autopsy reports., He

plétted his findings on a graph together with children's ages. An N '

'analisis of his graph showed increases in brain growth during five

4

chronological age intervals, The five periods. of brain growth occurred
primarily during the age intervals of three go ten months; two to four

years; six to eight yeats; ten to twelve or thirteen; and fourteen to .
sixteen or seventeen years. The hgé intervals between any two growth

periods are called plateau periods.e The growth process is very slow

Y oer . ' ‘

during';he platedu periods. Since it is a well accepted fact that mental

-growth is related to brain growth, these stages of brain growth deserve

€

speclal attention in the field of education, Brain growth spurts have

been noted in normal children from quite a number of qountries (Epstein

IS o

and Toepfer, Jr., 1978). : » :

_Brain growth spurts are accompanied by spurts in hmental age and a

-

Y

K R L r
number of irdtelligence~associated testswsuch as tests of memory, voca-~

bulary; or language utilization., Also evidefice indicates that brain

-

a ’ N 2 Y

LY IR



is no co%niti e gtage corresponding to the fifth and final brain growth

£23
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growth spurts corrilate in age with learning capacity. ﬁata have con- o
firmed a peak around the age of eleven years and a very 10& (near !
zZetro) value around age thirteenrto thirteen-and-half years’of age for
Mef" - the fiuid intelligence factor (Epstein and Toepfer, Jr., 1978),
These brain growth stages do not imply an increase®in the number of

v - .
brain célls.‘ By the age of eighteen months, the child's ﬁ}aig possés~
ses the total number of cells found in an adult human brain.\lln other
words, the total number of brain cells found in an adu}t human brain
1s developed by eighteen months of age (Epstein, 1974a, b, 1978, ;979;
Epstein and Toepfer, Jr,, 1978), During the next four growth periods
the‘human brain increases in weight from 350 grams at birth to about 1400
grams at prain maturity around age 17. The intrease in brain growth
consists of two components, The first componeht is one that is propor-
tional to increase in body size. The other refers to an increase in
size of the brain cells. The cells ehift and branch out to form new patw-
terns, }hus, the complexity of the neural networks increases to handle

incoming complex messages from various sénse organs.

Yo Acco’ﬁiﬁg to Epstein, brain growth periods may provide the biological

a»

ihbésis for Pilaget's 11969) four stages of cogﬁitive development, There

\ .
period in Piaget's theory, However, Arlin (1975) has found a fifth -

-

Piagetian counterpart. Now the question arises: How can this knowledge

of correlated spurts in brain and mental development be used in the
%

£ 0,
field.of education? The magnitude of the difference in growth between

a plateau and a spurt may bé as high as 500% {Hill, 1981), Vygotsky
(1974) too noted critical periods of intellectual functioning during

which rap{d changes occurred in children. According to him, these

'
»
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critical periods occur during the first year of life, then around three
yeérs of age, and seven years «of age, The age of thirteen is consider=~
ed as a‘period“of stable growth. After the age of sSeventeen there is
no critical period of intellectual functioning, This is somewhat simi~
lar to the brain gyowth periods laid out by Epstein, To enhafice learn—
ing in the schdbls, educators can take maximum\Eenefit from the critical
periods of brain and mind growth, Thus, children should be exposed to
‘new problems requiring a higher level of thinking learnt in the preceding
growth period. This can be achieved by practice. It reminds me of a
simple example of maths, There is a saying that 'the more you practice
the better you get at maths', Stated simpﬁy, learning maths definitely
implies consolidation of learned principles., Through app;opriate guidance
and instruction during critical and plateaﬁ periods, the child will not
only learn mqre‘but will also passg :through a smooth transition from one
growth period.to another., Thus, learning problems in a child may very
often arise due to undue pressure on learning concepts for which his
brain is not ready., This undue pressure at the wrong time may further
lead to failure on the part of the child to deal with complex probléms
later when neural connections have dévelgped. Each g;owth spurt period
thus becomes extremely important for each child’s learning process.
Information that the child is ready to handle at a particular stage only
should be presented, Epsteln uses an example involving mathema;icg to
explain the various stages of mental development, Cramer (1981) 'quotes
Epstein: - ’

When a three or four-year olg@ighild first learns something

about proportional reasoning, he might understand that the

taller a person is, the older that person is, " Around age
gix or seven, a child learns to cut a pie in two or three

s

-

iod
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- pleces =~ kids of that age can handle ratdos of one-
’ to-one and two-to-one, At approximately age ten or
eleven, a child can be taught to handle more sophis-
- ticateéd problems invelving ratios of seven~to-two or
nine-to-four, Finally, if a child advances through .
these stages, he might develop late formal reasoning
and be able to work with a number of proportions at
once - the kind you might need when projecting how
different voting groups might split to affect the ‘
~ outcome of an election (in Cramer, 1981, p. 18).

[

Thus, it can be seen that during critical age perilods spurts of
brain growth occur which in turn prepare the child for handling com
plex problems. The possible reason for failure to move to the next

) stage of cogéitiye deveiépment among a few children 'might be due to the
/ pressures placed on them by the school systémﬁwhén they are not §ét

ready to comprehend To avoid irreparable damage to the chlld's cogni-
"tive development, school education*cannot afford to ingore the eritical’

periods of brain growth, Children need to be exposed to new intellec-

-

tial challenges during brain growth periods (Epstein, 1978, 1979).

. During the plateaun periods, new concepts should not be presented to

© o
- the child; rather as Epstein (1978). points out:

' 8

The child should be exposed to large amounts of informa—
tion and, to a wide variety of direct experiences with '
nature, science, people, and work, all from the point of
view of enlarging his direct experience base and avoid-,
ing much pressure for elaborate inferences about the na- .
tures and interrelationships of such experiences. [The
_ plateau period could be utilized] ... for perfecting the
long neglected memprizatiom skills involved in.the learn-
ing of poetry and songs, of the impbrtant facts of history,
the facts of geography of the nation and of the whole
° earth, of health science facts, of legal facts ... and so
forth ..., we could also help children increase their
skills in already initiated competencies (p. 364),

-

The school then assumes a vety important role in helping ghé child -

o

to move from one cognitive stage to another as well as guiding Him in

» . " s
[
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broadening his experiences with practical knowledge, The level of
learning in the child during the brain growth stages can be improved
by appropriate stimulation in the schools, As Cramer (1581) comments s
At each stage of growth, movement to a higher level of reasoning is
dependent on ‘intensive stimglation that matches the current reasoning
ability of the child,"  Thus, proper stimulation at the proper time is
important in cognitive de@blopmgnt of the‘child. During plateau peri-
éds, thefchild'could be encouraged to spend his time in zonsolidating
already learnt materials. Furthermore, Epstein (1979) observes that
the child canmot handle tasks of the next stage ;ntil he reaches his
next brain growth period, Webb (1974) observed that the difference
between a -¢hild with an I.Q. of 160 and the child ¥ith an I.Q. of 100
ig reflected in the gpeed at which the new cognitive abilities mature,
The child with 160 &.Q. can master a particular cognitive task within
a few months, whereas the child with an I.,Q, of 100 can take two-years.
However, Eﬁe child with the 160 I.Q. will not be able to move to prob-
lems requiring more complex reasoning until he enters the next growth
spurt, Hence, cognitive development is dependent upon brain growth
periods of the child no matter what his I.Q. (160 or 100).
It is interesting to note that two plateau periods, age 4 to 6,
where most standard Head Start programs were targeted, and 12-14,
when mogt students are in the %irst two years of junior high school,
may be responsible for-some problems educator've had (Hill, 1981).
;A comparative study of early childhood intervention programs was under—
"taken by Hunt (1975). He found that six proérams that covered the age

two~ to four-years period were much more successful thag the standard

> .
program. The age factor (growth period) becomes important in the

'
.
.
)
A -
.

-
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.- effectiveness of such programs. The period of 12-)4 years (characteriz-
ed by slow brain growth) has much more negative effect on the later
growth period if pressurised to handle increasingly complex input (not
v suited to the student's thinking capacity) (Epstein and Toepfer, Jr.,

(

1978). It ultimstely leads to a "turning off" stage and the student

v

‘ tannot develop new challenging cognitive skills. In other words, thi;
last plateau period (12-14 years) before the onset of the last brain
growth period (14-16+) is a rather sensitive one in terms ofSFuture high‘
school education, Hence, 'the junior high school programs need to aban-

‘ . don the mass introduction of new cognitive materials to students who do °
"__\v/( ‘ not have such readinéss and present coéhitive infof??tion Aatched with -

*

the existing skill level of students. This would lead to a Bmooté transi~
tion to the next high;; brain growth ;eriod.

To put the brain growth-spurt theory into practice in public schools,
first of all a ggfting-program is required to determine each child's
cognitive devgiégment. This would help in grouping,&hiidreg by the kind

rof thinking of which they are scapable and tea&hers’can then match im-
struction aé;o;dingly. One accurate and fairly siégle test has been
develoﬁed by Michael Shayer (Cramer, 19815. This test consists of 25
questions that focus on a single mental behaviour and enables.'a teacher
to determine the child's reasoning level, This kind of test ﬁgﬁ much

: more value than any 1.Q. test. 1.Q. measures only the capacit§ of the
child, The teacher's concern would be to find out the Way the child
can best regched at a glven age level, Th}s is the main theme of~ .
~ Epstein::hilew of education ;n the schools. The plateau pexiods could
be utilized effectively without disrupting future development of ;ogni—

v ~
tive ability. Epstein examined school curriculums in junior high -

-
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schools and came to Fhe conclusion that a large|number of children re~
mained left out of the learning process. The 'jority of materials
demanded some kind of formal or abstract thinking which were suited to
only 12 per_ cent of the* children. As Epstein (i% Cramer, 1981) re- .
marks: "‘.; the junipr high school is the sick man of the educational
system ,,. We have been askin;'kidé to sit througﬂ ¢lasses using ; lang-

.uage that contains concepts they can't possibly uAderstand " .Thus, a

v

massive re~education program taking into account varilous levels of think-

»

ing abilitries of childr is essential«both for parTnts and teachers,

Epstein himseif remains active in the field of\education in schools.

. >
Severalwxgars ago he got perm%ssion of the school in\Poughkeepsie, N.Y.

-

to try out. an experiment on junior high school kids éin the’ midst of a

plateau period). He took them-«put of school twice a week and let thém'

[N ¢

. , ,
work (in day care facilities and in nursing homes) at tasks that would

i » 5 . -
[ r
. . . . . N < * r

aid them to consolidgke their educatidn and emotional ;kills (Cramer,
1981). Though the experiment was not a controlled sclgntific one, the

effort wag very sucqessful As Epstein noted-' e were able-to reduce

R M

the mismatch of what the kids were asked to ﬁe%in-school and what they

. . .
” vere able to assimilate, and we were able to rein;\ﬁce what they had

learned with their work twice a weeﬁih (in Cramer, 1981). Epstein has

also beeg involved‘in teé%her—training courses-in Lexington and ‘Needham,

¥, - M
oy -
Hass.v These coyrses were designed to create an awareness of the brain

L}

growth theory and the concept of cognitive 1eVeL~iatching among teachers,
. . d » ¢

. Responée from scnpél authorities in Needham and Le¥;ngton has been, very

. A s ‘
encouraging. As an assistant auperintendanf for curriculum in

"

’ Lerington noted' "va teachers can/be awar.‘ ”that *one kids wio are
¥

'bright about some things and slow at” others simply.haven t m‘d

v f
- v . -
.
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transition. Teachers cah ohserve student behavior and tgilor their
clasgroom material and homework assignments to fit the ne:§u of parti-
cular kids" Win Cramer, 1981). In summing up, it i=s cl;ar that school
xcurricﬁl; can definiteiy help or hinder cognitive development in )
children. The teacher's efforts together with the appropriate learn-
ing materials are crucial to an optimum level of learning in children.

- Hence,ha great deal of effa}t is needed on the part of educators in
‘order to facilitate learning in the school.

The field of split-brain research has led to a new direction 1;
education. Tremendous udvaﬁceq‘in this field have shed new light on
the understanding of complex pgychologiéal functiona: Stated most

e simply, it is now clear that the brain is double, in the sense that

each half-brain can function independently in a manner of its own.
Two major implications can be drawn from split-brain research

T PN witg'}eg;rd to higher psychologiq;fﬂfunctions. Firstly the two hemis-
pheres are apeci;lized for different functions - the left is respons-

ible for logical, veébal abilities and the right for visuospatial,

creative*abilities. Se;ondly, the two hemispheres utilize two differ-

v

A(K‘. "ent mechanisms of ‘processing stimuli. Each makes its own contribution
e : -

oy

- ]

-3 B
s

to“undérstanding the nechaniiés of higher intellectual abilitieg.

However, in the author's opinionh‘tﬁé right hemisphere's mode of

.

“.! ‘ . . [ - t * .
Qf%: L Ty proqessing,ﬂtimuli needs more,immediatg{consideraticn in the field of

‘.education. As.Bogen lt197?ightl~y points.out, the two hemi- 1
. - » . - .;. . Y . i
R . p?erea employ two different "aets Gof 1aﬁprmation-b;ocensing‘rulea“ to .

> » - Fl

) ¢ ) J

- [ . . s
o7 Yo 4
.

process information.

- Lo The dual nature of higher intellectunl” abilities had in fact been
* » % - B ) ?
i N recognized long beforg reséq;ch in,the%split—brain was even undqréaken.

) N
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Historically, some philosophers and students of the mind have shown a
tendency to divide intellectual functions into two classes. As Sri

Aurobindo had rightly emphasized in 1910, the education of both

classes of intellectual functions in the child ie {mportant. In the’

a

words of Sri Aurobindo, a yogic philosopher (1977): -

The intellect is an organ composed of several
groups of functions, divisible into two important -
clansesg, the functions and faculties of the right
hand, the functions and faculties of the left. The
faculties of the right [sic] hand are comprehen-

. 8ive, creative and synthetic; the faculties of the

v left [sic] hand critf{cal and analytic ... the left
limits {itself to ascertained truth, the right
grasps that which is still elusive or unascer-
tained. Both are essential to the completeness of
the human reason. These important functions of the
machine have all to be raised to their highest and
finest working-power, if the education of the child
is not to be imperfect and one-sided (in Bogen,
1977, p. 134 and 136).

. i -

5 .
«

On an analysis of the above, it becomes apparent that the two
classes of functions mentioned by Aurobinde are associated with the

two hcmiaPhcres of the brain in modern terms. 'fhds, even though

- ES

knowledge of the two hemispheres of the brain was not available, dual-

ity of mental faculties was recognized. &ome western thinkers have also

talked of two parts of mental organization, for example: rational

versus intuitive, explicit versus implicit, analytic v;rnuc‘lynthetic.
2 A

Although these terms are varied, they have a common thread running
- . Ad ‘Q

- .

througﬁ them.” They all refer to different processes of the twvo cere-

bral hemispheres. Furqher, dichotomies of mental organiratfon have

been listed by Springer and Deutsch (1981):

- /
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Dichotomies
Intellect Intuition
Convergent .Divergent
Intellectual Sensuous
. Deductive Imaginative
Rational Metaphoric
% Vertical Horizontal
Discrete ‘Continuous
Abstract Concrete
Realistic |, Impulsive
Directed Free
Differential Existential
Sequential Multiple
Historical Timeless
. Analytic Holistic
: Explicit . e ,Tacit '~
Objective Subjective
Successive

Simultaneous
1 - .

Evidence indicates that only the Tleft hemisphere of the brain is

capable of communicating its thoughts in words. There is, however, a

‘ »

»~ © difference between thoughts expressed in a natural languagé and thoughts

»
1

not thus expressed which nevertheless are propositional in form, A

thought is propositional in form just in case the éﬁructure of the *

thought is analogous to that of a sgntence, e, g., Tony, is tall, Because
) - Al
* of this we can say that such thoughts are linguistic im form but the lan-

guage in which it occurs is the "language of thought". This is the Cog-
%

nitivist point of view (Fodor, 1980).
) Some theorisks (Blakeslee, 1980) could be-intérpreted as holding
that the right hemisphere has its own separate chain of thoughts
* neither expressed in the words of a natural language nor propositiona}
N in form., Though these non-proppsitdbnal théughts are aﬂﬁimportgnt

N ]

pa}t of our personality and, abilifieé,  they cén%inue to‘be’ignored'and

~ 1)
- P
e *

TR . misunderstosd because they are so, difficult to translate into words
' ) ., g The left hemisphere recelves all.theaattentibn because of'itq 1inguis~
‘1 ' - 2 ' - - ' ) * i ’ . *
.(w - . K
’ f ’
L:k ] ¢ ! M )

v . . P e I




h apatial functions of the rigﬁt hemisphere are inferior to the
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. . N ,
tic domination. However, when we look closelv at the phvgical appear-

e

ance of the human brain, a clear~cut double brain consisting of two* ' ]

mirror-image hemisphereg\joined by}aeveral bundle’s of nerve fibers

[
e . «

.o becomes visible. Hence, it becomes extremely difficult to ignore one
. half of the brain just because it lacks in verbal ability. There 'is .

- no justified reason to believe that concrete, analogic, synthetic and : .

£
.

batfact, analytic and temporal functions of the left.
.0f course, split-brain research has atronély suggested that the
+ functions of the right side of the brain involve non-propositional

'image processing’. [A dissenter to this view 1s Pylyshyn (1981),]1 *®

v . These images explain the fact that the right. hemiaphere can put | . . .
\ " ) '

« \ . "togethef ‘the pleces of a jigsgq puzzle while the left remains3puzzled.\"

The right hérisphere gains a tremendous advantage over the left in . p
dealing with complex visual patée;n tasks. The same holds true for * *
the ieff hemisphe;;,with‘;egird to verbally ;}ihntea tasks. In a )
- n;rmal:ptrson, there is constant ghift f;om one mode of thinki;g to

e o * Y -

X, the othér. There is no single mode of thinking present in an 1nd1vid-
ual. The demands of the problemwswitch on one mode’ o§ thinking which N

Y. .

becomes dominant and the Sther relatively 1:-; active. There 1cvno,‘ . x a
L “ ar f” ¥ il
such thing.a& a complete’ "on" and "off“ switch 1n‘therbrain for'a‘v

A i
. - N v

particulik,mode of thinking 1n the‘ndrmal persoﬁ. The twé hémispheré% '

-

a - e \‘ - @
work in a eoord&ﬁaced manner, che differénce ts-of dominance! Dué te f ¢
* . , by A ,
Sy "che Verbal dominaﬁhs of the left, 1t gains much more popularity than /-
[P - - Ve R
. 2t .
- * lt teally dese:vea The right brain outperfcrms on~tasks that require ..
: w * 4 9 ’ . .
EL “a. " LT '
c WA feel for it" For exnnple, it Becomes almoaxlimpoaéible to desz - \-//ﬁt\\
" v ’ l o - ﬁ‘ « *
* - . -
R T+ cribe verbalﬁy the conflguratidn of lines used to drav a cube on" a o
f . e’ - v 1 .
» i “ [
» ¥ 2 . . I » R : + o« -
A M . - 2 "
. " l *® . 1 . '
(2 . ® W s » Falt , ") b3
s . , . v . ; ¢
-~ B 4 T s ” ; » - ) . ’ M . S -
* . LA . e R L h . 4 »:!m»nmmw - «
- B L} » .
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or fragmenteh parEs; The split-brain patient using his left hand has

* gies for information processing in the two hemispheres (Bogen, 1977).. .

~ = 178 -

i

L
piece of paper, The impossibility of verbalizing,sudh canﬁeptq is
clearly seen in the split—brain patieht's futile attempts at‘ﬁ;awing'
with his right hand (controlled by the left hemisphere), The effec-

tiveness of the right'bemisphere at drawing is noted in a comparative >

set of drawings given in Fig, 5.1 (Blakeqlee, 1980). The right hemi-

. .
4 > > ¢

sphere is also wery efficient at recognizing the whole from disguised

. no difficulty in associating the parts with the complete whole, The

4 .
right hand, however, can only make the most obvious associations - y
5 . . ‘ .

(Blakeslee, 1980). P

Stated simply, there are strikiﬁfly different styles and strate-
1 ! N N ¢ r

This is clear for musical and‘dadcing abilities: no matter how much. )

verbal instructions are glven, these &annot be masteréd‘witﬂoht the
1 . .
right hemisphere's*pglp. Amateur musicians show a right hemisphere . o

dominance for musical stimuli, whereas professional musicians indicate ’
- N ¢ ] a

either .a left hemisphere dominance or ‘no daminance at all (Gordon,

1983), What of 'intuitive' abilities? On the <Cognitivist hypotheais, - a

L P

these may be esséhtially no diffeirnt in form of processing than other
explicitly cognitive activities: they are gfmply faster and uncon— - ‘«"'. Lo
scious., Ofr the dual process hypn\?esis, intuitive abilities require a . ‘;,.
different mode of processing residing characteristically in the right
hemisphere, Which of the two hypothédsis is right is far from being
resolved at the present time. For the ptesent tﬁfsfﬁ however, - the

1 ° - W

author is in support of the daalaprgcess paradigm. ) '

Dften we ﬂave read apout well noted scientists who ha('e expe~ 7 “ . t

" i
g\' . £y ‘\7

pienced. a sudden flash of the solution to a problem while not .

LS

*
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even working at {t, Most creative breakthroughs, even in mathemasics, are .
a result of this intuitive leap that are later carefully analyzed in Iogi-

K: B “ " §
cal terms by looking at the regult. Max Pianck, the 'father of quantum the-

ory, wrote in his autobiography that the creative.scientist must posseas: C

. ".s, a'vivid intuitive imagination for new ideas not generated by deduc-
tion, but byvartia'ticillly grent“;lve im‘ginatibn" (in Kogggler, 1964, p.

147). Similarly, Einstein himself noted (in Rosen, 1972}t -y

-
o

«as I rarely think in words at all, A thought comes

and I may try to express it in words afterward ... .

the words 6r the language as they are written or spok- -
+ en do not seem to play any role in my mechanism of .

thought .,. The elements ane, in my case, of visual . —

and some of muscular type ... Conventional words or oth-

er signs have to be souglit for laboriously only in the

secondary stage when the mentioned associative play is “
'~ sufficiently established and can be reproduced at will
* ' © (p. 684), ,
. ’ T The abowe two quotes clearly indicate an interplay between the
’ ' = - Y ” v L ¢ ’ 4
two modes of processing’ in scientific inventions too. . Thongh western . Yo '
intellectual pursuits appear to Be "verbgl, abstract, rational“ left ' N :

hemispheriec functions, "preverbal, concrete' right hemispheric func- .
B c . . . . N % - . . . . =
. tions do play a crucial part in scieﬁ‘tifig creativity., Even most of ~

> Y - - .

T x ' our ordinary acéivit‘ies employ -both modes of cognitive proeessing
.(Galin and Orr'lstéin, 1972), The two complement each-qther but do not
. - readily substitute for each other.” For example, co:nplex". spii,ﬁial te- ,/

: ) lacionships can be pracessed Mbdtithesé can be processed more '
. 1, % * ) s
. - effectively using viéual—kinesth&tio images} The interplay of the two P '
- L

M v

.
kY \d ' ’ ]
-

cognitive modes can beyseen in our daily lives. Let us t:ake atyfxampl_e v v

. v R \ ! .
N - of a'.tourist in Halifax. He wa.ﬁ%s to go to 'a particular place an? aaks . Lo
N N e A3 - 4 )

fort directions, What: happens 1nitia11.y is that we begin with words "' L

. * - PO T s . N
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like "take a right turn, ge two blocks, then turn left" and then un-
knowingly fall back\cn gesturing with our hands. This situation might

be familiar fo most of us. Galin and Ornstein {1972) further point out

- ' that processing stimuli through inappropriate cognitive modes may not

only be less efficient but may actually interfere with processing through
" -
. the other mode. Paredes and Hepburn (1976) too have emp?asized inter-

communication between the two cognitive modes while working at the solu-
tion to a problem, Accoéding to these two investigators, a solution to
¥

a problem does not depend upon ‘eithhr'/'or' one type of cognitive mode

over the other. There can be several back and forth switches before a

S

final solutioﬁ is worked odi. ] .
: 6 Somgtimes the split-brain patient finds himself ih a problematic

situation when both hemispheres try to take control. In one case, a

split-brain patient was asked to do a block arrangement test with his-

' . right hand. The patient's left hand was constantly trying to help his
. L% right hand, After the experimenter stopped him twice, he finally sat .
- » -

on his left hand. After repeatei frdstration, he was allowed to use

@
F]

v 4 . .
both his hands, Again, the battle started in yhich the two hands con~-
L)

. \ tinued to fight to gain control over one another (Blakeslee, 1980),

. However, the two cogqitive modes develop a working relationahiplin the

B . . norma%'person and conflicts do not arise. In any caae, the left hemi-
¢ » g . N {
Lo ‘ gsphere can assert its dominance over the entire bbdy if 154?0 ddsires.
" a E IS - . h

. - Further, in tasks,requiring immediate response, control passes .to the 1

. ’

o hemisphere‘%hat is first to provide a solution. When both hemispheres
fqpction in equal partnership, leirning ecology is'characterized by:.

- f* ; (i) higher feelings of self-confidence, self~esteem, and compqsq};n;
0 {ii) wideriexploration of’traditional "content subjects and s%}ils--(iii)

.

L%

"
[ L) ~n
&‘3 & * . . - 4
Y

P * . * v .. » z )
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highen levels of creative invention im content and skills (Samples, é

1977), " He labels left hemispheric functions as 'rational' and right
%
hemispheric functions as 'metaphoric', A distinction between the two

. 18 beautifully made by'SampleB (1977): B ‘

Progress in rational (left-hemisphere) functions leads
to, the reduction of variables and higher tendencies to
separate thought qualities, Progress in metaphoric
(right-hemigphere) functions leads to,the proliferation
of variables and higher tendencies to synthesize
thought qualities, The rational- processes are linear,
the metaphoric processes cyclical. Rational processes
are exclusive while metaphoric processes are inclusiye
(p. 690)

»

Other studies by Levy (1968, 1974) suggest that the style of pro-
cegsing used by the right hemisphere is rapid, complete, whole-pattern,

spatial and perceptual. She also noted that the two different ways

M s

of processing (1eft—hemispheric and right-hemispheric) tended to inter-
fere with one another, inhibiting max1mal performance. Thus, igxappears
that both hemispheres of the brain employ high~level cognitive modes,

each different, but both involving thinking, reasoning, and complex
Y - . i~

mental functioningy The two hemispheres might supporﬁ, complement,

. : . \
and ‘even inhibit each other sometimes. Experiments by Kinsbourne (in:

[y

anks, 1979) indicate that we are capable ‘of dofng ‘geveral different
tasks at‘once sometimes, but not always., In one experiment, subjects
were taught to Palance a small metal rod on_their index finger, After
they had gainéd maeiery over the task; they were asked to ie;e;t a
series of test phrases while balancing the rod oﬁ fhe left index finger

first, and then while balancinggon the right index fingey, He found *

P >

that the performance of %he subject 8 left hand was not affected by

e »
repetition of the phrases.’ However, balancing performance on the right

-



.

, ¥

. and categorized the blocks according to their' shapes. The performance

~

v

" Attempts to solve a geometrical problem as well as watch a football

- 183 -

hand deteriorated drastically while repeating the test phrases, The
poor performance was d&e to the same (left) hemisphere being involved

both in speaking as well as balancing the rod on the right index finger,

game on #he television is another example in which performance would be

drasticelly reduced.

» r

<

The specialization of the two hemispheres in two different tagks

(verbal and nonverbal) has been well established both From split;brain

A

studies as well as studies of normal people., Kumar (1973) studied the

-

nature of the conceptual process in the:right hemisphere of commissuro-

tomy patienta. A concept formation test consisting of 16 wooden blocks

varying in shape, height, width and wéight was developed for lateziliz— .
L]

ed tactual presentation to the patient's right or left hand, The patient’ .
was asked to sort these blocks into. four categories of height-width

IS

only: tall-wide; tall—narrow, short-wide and short-mnarrow, The right

L]

hemisphere (left hand) successfully completed the task whereas the left

hemisphere (right hand) could not conceptualize the required categories
{

» e

of the‘gwc h pheres is clearly seen in.Fig, 5.2, In another study

of normals, the Specialieea functions of the two hemispheres was noted,
\ .

The b:ain's electrical activity from both cerebnal hemiapherea’wes re- 7

L3

corded while eubjects were engaged in verbal and spatial tasks

r

Ornetein, 1977). An electrode helmet was placed ovef the subject's *

head as given ip Fig. 5.3, Findings indicated that when a subject is

*

¢
writing, more alpha rhythm appears ‘in the right hemisphere than in the .

- left, and while afranging blocks‘ more alpha is noted in the left hemi- <J
E

’\ Al ¥

+

sphere than’ in ‘the right (Fig. 5.4). Thus the hemiséhere not involved O

- N » " ), ' ' 1

el * *
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Fig., 5.2

“

« (From Kumar, 1973)
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Fig.' 5.3

(Fron{ Ornstein, 1977)
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in the téqk was "turned off".,’Alpha rhyéhm is taken cdnventionally as

a sign‘of.this "turn off" Laterélized fuﬁctions of the two hemispheres

F]

- are further _Supported by resulca from another investigation of the two

St tognitive modes (Kocel et al.. 1972) ., They attempced to relate lateral

N v

. eye movements to c?gnitivi_processing. The direction of lateral eye

movement was strongly modified by the demands of the cognitive task.

) '

o

-

- bVerbal and mathematical (left hemiéphere)uquestions elicited more move~-

»

° ments to the right as compared to spatial and musical (right hemisphere)

- ) questions. Hence, despite the feeling of being "one person", our brain

¢

“ . has xwo'distinct ﬁemiebheres, each wiph its own way of processing infor-

' mation, each w its own way of interpreting external reality. The

©

two hemispheres are mediated and integrated by‘the connecting thick

v
o . rizes:

e

) * bundle of nerve fibers, the corpus callosum., As Edwards (1979) summa-

®

. L

/ /

We have learnéd that the two hemispheres can work
together in.a number of ways. Sometimes they co-
operate with each half contributing its special
abilities and taking on the particular part of the

task that is suited to its mode of informat}on pr-
cessing. At other times, the hemisphere can work
singly; with one half "on", the other half more or

less "off" .,, may also conflict, one half attempt-

. ing to do what the other half "knows" it can do bet-

ter, Furthermore, it may be’that each hemisphere
has a way of keeping knowledge from the other hemi-

‘sphere, It may be, as the saying goes, that the

pight hand truly does not kpow what the left hand /
is doing (p. 31-32).

B

By now there is sufficient evidence that there are two ways of

=

processing information and that each of the hemispheres .is specialtzed
to a certain degree in certain functions. As, for example, reading,

. writing and arithmetic belong to the left hemisphere largely and

Ll



uimEging, creetivity and mheic‘mainly belong to the right hemisphere, The
reason I am including’the words "1argely? or "mainly" is thdt.most of
.ghe%i&activities require some degr’f of cooperation from its partner.
i tn—mihﬁrclass1fication intol? left’ hemispheric or right ﬂemispheric activity
reflects a domination of bne'ar the other hemisphere, 1In othey wordg, it

7 ) becomes a matter of who gets the lion s share, The different characteris~

LI S >

) tlcs of processing by the two hemispheres are clearly outlined by Edwards

v (19?5). What distinguishes hemispheric specialization is not so much cer-

tain types of stimuli (examplé words‘for the 1é¥t ahd faces for the

: . 4 .

, right), ‘but the mode (verbal or nonverbal) through which the stimulus is

o

processed (Bogen, 1975 Levy et al,, 1972; Wittrock, 1978), "It id the-

way of processing the stimulus that is the distinguishing feature hetween

the twd hemisfheres. - o ‘ - e - . -
= The use‘of tte left hemisphere for analytical and eequentiai think-
ing is continuously emphasi;ed‘by the intellectual community\in,dealing
] > -~ 4 *
éith reality. No doubt odt rational analysis has led manki d-to survive”
. s P ] .
, and grdw, Put in the proce:; also created problems~for-con mporary civ-

\N

" ilization. Prohlems related to %ppulation, pollution and Vedicine are

the résult of linear bhought processes., Solutions to these are constant-

.
» & -
d [ 0

1y advocated but are mostly linear incomplete answers,. . Often more prob-

lems are created by.the solutions, For example, techqplogichl methods

of fodd production have: eliminated starvakion as a major -problem fot |

. most of the world but-have made obesity a common ptoblem in many Western

” . J 4

countries, Hence, the linear mode alone has not been very successful in
solving complex prbblems of our highly technological sociéty«m A Shift

from the- lineariprocesses Gﬂxﬁgiare more indivddualizéd) to thistieally

"
v n

A and' other' oriented relationships can prov1delsolptions to complex,?‘

b4
3 3 * v
’ +

¢
o B < P
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collective problems (Ornetein,‘l976). Thiéeétviously involves a«
development of the right hemteyhetie'mmde of processing information.
Until tepently,"the mainstream ir'western culture has 1argelyvremainéd
dissocisted from holistic approaches (right.hem%spheria dee.of %ro—(l »
cessiﬁg):’ This. is clearly reflecteé in our educationai systems that

X
) 4 . »
provide a lopsided education with emphasis on,'basics'. To encourage® ~°

o

right hemispheric mode of processing in the school setting, we,do\need« .

° !

o

a more comprehensive knowledge and understanding of its cageéities. »

There is considerable evidence indicating the right hemi%bhere‘s
. .
superiority iny visuospatial abilities from studies of ndfhal and

clinical sutject populations (e.g. cases of unilateral damage and split-

B -

$rain patients). However, the nature of ite superiorit§ is still com~
; . .

) - - 4

troversfal due to procedural differences between different studies ¥
1

v

(Young and Ratcliff, 1983)., Young and Ratcliff (1983) suggest an - -

-

_approach for researchers to demonstrate, wiéhin a’ gingle experiment,

tasks or°stimuli differing on only one factor which leads tg thb pre-

sence or absence of right hemisphere superiorities. This. technique -

utilizing temisphere X task orﬁhemiSphere X stimulus design has not
been muéh used, Umi}ﬁeeét al, (1978) investigated laterality effects
:sing stﬁple and compleﬁ/geometrical designs -and qsfeense’pattErns on
normel right-handed‘subjects. The right.hem;sphere superiority w;;

noted only for complex geometrical patterns, The left was.superior for

-

simple geometrical patterns and nonsense figures, These investigators

concluded that the left hemisphere utilized sﬁngle‘Eeaturngiscrimination
of stimuli whereas the right hemisphere used "a spafial strategy.
L4 ]

Another study by Young and Ellis (1929) reflected the superiority of

the right hemisphere for the processing of complex spatlal information,

e ) 3

.

»
u
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A large number of studies 1nvestlgat1ng the abLllﬁv'af rmght hemisﬁhere

in perceptidn have used 'face' as*the stimulus. Ellds (1983) aftbr a ;
review of the litera;ure in this arga provides a simple flow~diagram

¢ . .

moée} of tlic processes underlying face perception (Fig, 5.5). E1lis ,
. N + '

(1983) comments: "It indicates a right hemisphere superiority for clas-

'sifying-incomiﬁg patterns as faces establishing internal representations

\ -
4 *

. . T . . «
for novel faces; and perceiving emotional expression in faces,”" There

is no, difference between the two hemisPheres for face structure analysis.

The left utillZES a serial procesi involving special analysis of thie

o k:J

features of the face, The right, on the other hand, uses a more holistic

¢ "

analysis in which spatial relationships bétween features are emphasized.

>

Familiarity or unfamiliarity of .the face_can be equally identified bx'
either hemisﬁhere. Both'hemispeeres of the two split-brain patients '

were found to be equipotentialy in selécting pictures of\patients’ self, ’

relatives, public figures and historical characters (Sperry et al,, 1979).

- . AS a )
Despite some degree Jf controversy in the field, it can be safely con-
+ = . . .
cluded Ehat the riglt ﬁemisphere does* have the glight advantage in ‘cer-

o = . 3
w

tain aspects of faceﬁpIOCESsing. To assign a complete dominance of |the
&

right Hemisphepe in face .processing would go against the integrated.

functioning of the two ceéebrhl hemispheres in the normal, person, /As

[

Gazzaniga and Le Doux+ (1978) assert, the mind is integrated rather than’

» (“divided into two entities, Accordiﬁg to them, the two hemispheres dif-

. * "

fer in degrees of expertise in a particulavr process. Neither is exclu~-

"

s1vely spec1alized in a particular function. The ‘two hemispheres per-

form different parts of an integriféﬁ performance (Broadbent, 1974)
4

. 0

Therefore it can be said that’ the right hemisphere plays the major part

a

‘and the left hemisphere the minor part in face processing.’

N
\ - - N
-~
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) * %°  Misic-is another area of specialpy of the right hembsphere. The
* * -
2 leceptanee ofsa left hemisphere Hpecialxzationtfor language and, right

v hemispheqe,demlnance for music has galne/(popylarlty {Gordon, 1983),

.-This is best illustratquinfan advertisement by a major sterec hgad-

@
- v .

phone manufacturers: .

o

‘ -. . . -
<L & Give your right hemisphere a bredk! While your left
. e ! * , hemisphere goes out every day and, discusses, analvzes, v
N - . or manipulates reality for- the sake ‘f earning™a liv-
Y Moo 7 . ing, the right hemisphere nags and complaf%s about
o - B " beingedragged along on mundane errands.., Stop that
“ right brain ennui!! Give the right side ‘of your brain .
N B its fayourite treat % husic (in Gordon, 1983, p. 65).
Y " ’ ® i -
PN s o o« o * -

o ' * ' On'an cxamination of the literature in the field, it is evident

Y - . ' .
- “ L

- T o 3 .
g™ ® 1 that *such a clearout’latere}izagion does not exist. It becomes again

. . © a matter of major and ‘miffor input of the two hemispheres in music.

. 'f * - Most of the experiméntal work on lateraligation of music has utilized

N R

. © " . the dlchotlc listening technique in which two audltory stimuli‘are
. Bt "

¥ - -

presented simultaneously, one to-edth ear. This leads to a binaural

. :7&
‘. . L f \ - .
" - competition that has been maintained to functionally block.;he“homo~

A v hd * P

~e

A lateral neural pathways to .the hemisphere in faVDur of the contrala—

T ' teral neural pathways. Hence,'a ‘domfnance of lefb ear would imply a

. , »
) Cor right hemisphere superiority; right ear dominancde, left hemisphere
P n, . .
C superiority; and no, ear domindnce, no hemispheric superiority, * The
. . * -
B C dominance of coptralateral pathways was’ originally noted by Kimura.
B w o, \ . v * Ve d

. (léﬁ;a). She noted greater right ear deficits (right auditory per—

, * ' ception) as a result of“left tempoxal lobe damage. Subjects without
* k] 4

? . [}

. braid damage also, showed‘consiéfent right ear dominances for dicho-

’)- CEEE S ~ a -

tically—presented dlgits (Kimura, 1961b). Soon this techniquziwas ’

. -

. used for présenting musical stimuli.. e)left~ear superiority on a test

o ' ¢

‘
i Y ) Lot
~ ' -

.
try
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v

N
’

3

& uf.dichoﬁﬁe,melody“recogni;ion‘was interpreted as a ‘left hemisphere pre- e

é [ 3 »
dominance ird verbal stlmulil processing and the right hemisphere pre-

. . .
dominance in nonverbal stimuli processing (Kimura, 1964}, To‘ggin

further clarity of the terts "verbal" and "nonyerbal”, Kimura (1967)

3

emphasized the need for further research to find out stlmulus‘Eharac-;
. » ”
v . Yy . 1)
ter—ist%q that are associated with either right- or left-ear supegior-

iiy. Though the majority of musical fasks used in dichotic~listening

studies demonstrated a right hemisphere superiority (dominance), some

S . . ’

'musical stimuli have led to either a lef# hemisphere dominance or no

dominance at all (Gordon, 1983), .
s ¥ © f - v

In one study, two .different letter sequences were sung to two dif-

>

.

ferent melodies by two different singers and- the subject was asked to,

[}

‘.

B

. recall the }etter sequence or the ﬁelody_nr the singer (Bartholomeus,

¢

1974), Findings indicated né significant difference between ears in .

N >

singer recognition, but significant right-~ear (left hemisphere) super-

iority for letter sequence recall and significant left-ear (right hemi-
. . 4 -*»

" N .

sphere) superiority for melody recpgnition,’ Since the same auditory

5

stimuli were presented to the same subjects on all three tasks, findings

“indicated that laterality effects in audition are not enfirely determin-

ed by stimulus characteristics but are also dependent on task require-
' i

4 -

ments, In other words, theYsame stimulus could produce’ either a left

ot -a right hemisphere daminance depending upon/its task requirements.

*

The , two hemisphéres were able to process i

each was capable of conmtrol, depenﬁihg on

\
w ok
e . v

T~ R

g
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v S I ¥ ° * r(//‘ \.. [
. of visual otimuli split down the'middle and then r€joined in the middle

1 *
¥ make cOMposite right-left chimeras. When these recombined (chimeric)

figures were flashed to the patlent while .his gaze was centered,leach

3

* disconnected hemisphere completed its'patterh—halfﬁlnto a camplﬁte~£ig—

F g
ure, The left hemigphere dominated when a verbal response was required

Al
1]

while the right took the lead when a $impl& recognition by pointing was

required. IHence, we come down.to the same conclusion that the task re-

a
. .

quirements do have a major input ingprocessigg the same stimulus,

There have also been controversies surrounding hemispheric domin-, ..

4 -
3

- ance in musicidns and non-musicians, Darlier the major rgle of the

right hemisphere in non-musicians had been emﬁhasized. But this has &

fot been folnd to be true fer the musicians group. It is pointed out

. . E) L]
that since muslcia?s are trained to use step-by-step analytiE procedures
in learning m@éiq, thelr left hemisphere seems to dominate in processing

-3 . ¥

. v .
musical stimuli, However, suffiéient evidence to support the asbove is -

* [

still lacking (Gordod, 1983), Further, the question of individual hemi-
spheric dominance has been taken into account,’ Thoé@m%ho are more in- -

clined tp use their left hemisphere would show %-leﬁ; hemisphere domin-
. " P
ance for a majority of tasks as compared to those more inclined to use V

o N »

their r;ghtimmdsphefe. But here again the statepent.lacks empirigal
< - k]
. evidence, It becomes a matter of either an }pdividual’s own hemispher!b

dominance that is important ot” the differéntial specializatian of the

-
[

wiwo hemispheres that is more important in‘’processing any information,

e 2 .

To me, evidence so far gives more wgight to,ghe specialization of the

> )

two hemispheres in different fupctions (with a major and minor’fole,
w " R » . ta

- of course, in order to maintain integrity of "the mind). 1In a‘review *
» . .

+ a

«
v ad

-

»

]
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of, various findings, Gorﬂun (1983) comes to the eonclugﬁon: ©s
[ . w3 0 ot nbe'{ W T s

sae it 1s inapprapriate to.lateralise musxc to any - .
one hemisphere, - Dominance for music is dependent
¥ . both on, the task to ‘be performed and‘the mix of . 4
CL . specialised skilks needed. from the right and left Y
hemispheres w+. 1t is relevant to ask whether th84& ®,
~» hemispheric bias of, musicians is left dominant '
' ‘as suggegted by their training; right dominant:as .
" suggested by the apparentr(develqpmental) location © - = &
" of music assessed by most passive listening tasks; '}
or“either right of left ... -Considerable work 1s ' '
still needed t¢ address-the problem of how hemi- ‘
sphere—biased/?a
bjased stimuli and whether these biases can be
changed (p. 81-82)”
Y

a

?
‘ «
v A - -

Untllxﬁecently, language capabilities had been 1argely assigned to

the left hemisphere. The consensus that emerge from clinical as well

4 N

+! ) ’4' : o i
as split-brain $atient studies was that the left hemisphere was, respon-
P . “ .
L 3

. ", . X .
siblée, for Linguietic abilities in rjght handed people. Now, respaichers

Py

=

-4 o . s . e ERS
are accepting the fact that the right hemisphere also has some linguis- .
= . . - ta ¥

tic capaéilities. Searleman (1977, 1983) attéﬁpts to update the evi- ?

dence “for right hemisphere language skllls from ‘brain damaged as well as.

[} 1 B

normal subJects. The functional plasticity of the brain in the first

1 o

few years oﬁ life has been noteéA( asser, 1962'\Zangw1ll 1960). Basser .

-
-

maintains that functional plasticity cv&t&inues to occur unt;Ll puberty, s,

«

Other resaarchers 11ke Krashen (1973) believe that language lateraliza-‘

1

tiEn is completed by the age of 5 years. To. avoid such controversies,

"

" more valuable information about the right ham{sphere 8 llngulstic ot

capabilities pan~be obtained frcm,cases of left aemispherectomy in -
Y " ¢ R (." -
adults-as well as from.split-brain patients. After observations of
v\’ / -
patient§ with left hemispherectomy, Smith (1966) noted that immediately

-
L o

after the operation, patients were able to respond nonverbally to

individuals interact with Remispheric- e

s 0 . .
.

L
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up

~

spoken c‘pmand, but any form of expressive:language was impoésible to

L3

pexrform, Going through the ljiterature on language skills of the right

-

hemisphere, 1t becomes evident that the ability to produce speech is

usually much more lateralized than the,ability to*comprehend speech,

‘. °

The right hemisphere is capable of matching ébjects with their verbal

s

description.(Nebes :and Spetry, 1971). A commissurotomy ﬁat%ent, when

»

asked to blindly pick out an object with his left hand that 'makes

[ v

things look bigger', picked out a magnifying, glass. To check whether

A

cross~cuing (Gazzaniga, 1970) had cccurred, the patient was then asked

*

to gudss what his left hand had picked out and he replied a "telesgppe'.
Th;s far, there is no convincing evidenc% that the right hemisphere

can prdhuce speech. Some splif—br%in patients, however, tan spell

very simple words by tactually manipulating letters with their left

hands (Gazzandiga, 1970; G;zzaniga et al., 1977; Gazzaniga and Le Doux,

1978; Levy et al., 1971; Nebes and §perry,“197l). Some can even write
. -

the word just finished with the left hand (Nebes, 1974). Left hemi-
1S -

aphére 4nterference has also’been noted when the right is engaged in
R} v
performing a tagk. In one case, a commissurotomy “patient, L.B., was

given a piﬂ!ﬁﬂf feel with his left hand first and then asked to write

- il . o 4
the name of the object with the same hand. The patient started to write

'PI' but then his left hemisphere took the control and he wrote the word

'PENGIL'., Soon after, he scratched out’ the “last four letters and verbal-

ly reported that he did not know what the object was {Levy et al,, 1971).
o . /
Whemr asked to.draw the object with the left hand, L.B. was successful

in drawing a pipe, It‘%shseen that the right hemispheres of hemispherec- -

t;my andvsplit—brain patients possess some ibility for comprehension of
A 'y » ‘



o

re . .-
written and particularly spoken language. Searleman (1983), however)

cautions not to generalize these findings fo the normal popul;;i&n‘be—

cause many‘of the patients studied had suffered early damage to the left,

2
@ ‘ - -

V}lemisphe're.' Due to functmnal plastlc:,ty, these patients might have

-

&eveloped langu1stic abillties in both hem15pkeres to a greater extent

1
. L3 -
L a

‘than & normal person,: .

4

N s
-

¢ A number® of studies have been,conducted on normals to determine

[

e

the degree and dlrectlon of languag@ lateralization using the,technique

bf aichotlc listening and tachistoscopic presentation of verbal Stlmnli
*to yisual‘fields. Here dlso findings‘are not consistentZ'though a few
of thep.do provide'clear.evidence for 1angua§e éomprehension abilitiee
in the norhal righ£ hemiepﬁhre. The right:he@isphere was found to be

.

* superiqr to the left for the initial stages of letter processing, When

k] » * " - ‘ -
percepthally degraded letters were presented, subjects were mdre effi~

o

c1ent at extracting the rglevant features of the letters with their
LY

right hemisPhereﬂLVF (Hel\xgé_énd Webster, 19791} Another study by

.

» » »
Bryden and Allard (1976), indicated.an increased proficiency of the -,

A

ight hemisphere in 'pféprocesaing' .verbal gtimuli as compared to the

T
| N - * i K - - 3
. In their experiment, Subjeets were asked to. name laterally pre-

¢ 3

éented letters printed in 10 kinds of typefae7s.b/§esults indicated |

that percepﬁually difficult typefaces’ lEd to right hemisphere (LVF)

. LR

superiorlties. Based on their findlngs, it was postulated that the

°

fight hemisphere supercedas the left at holistic processing operations

® - -
even when a verbal response is expected. bt -

o - .

The right. hemisphere has beeP considered gs a global processor as,

* - -

opposed to an aﬁalytic processor (left hemisphere) by many researchere

@ ’

v

=,
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(Levy, 1974; Martin, 1979; Nebes, 1974; Semmes, 1968). As Levy (1974)

comments: "The right hemisphere perceives form,, the‘left hemisphere de-

‘tall ... The right hemiSphere lacks a phonological analybar' thre left

hemlsphere Tlacks a-&ﬁétalt svnthesiser." The global or gastalten ap="

L]

proach to stimuli processing has been found usefu1<in the early stageS“

of learning to redd., As Pirozzolo (}978),,th1é»summing up the role of .’
a . L] . .
) . :
the two hemlspheres in ;eadlng; remarked' Y, .. the right hemisphere

‘amay be indispensable'iﬁ begﬁ}ning reading when children are 1earning

to recognite letters and words as %estalts. To sum up, the available

N

. evidence both from split-brain and normal studies points toward a clear

. R,

development of language comprehension abillities in the right hemisphere,

Language produptién capabilities of the right hemisphere in normals are

» ot

, . . . «
gtill in their early stages of invegtigation due to ldck of appropriate

. 1 ’

noh-clinical: techpiques for investigation. In cases of left hemispherec-

B
i » v

tomy patiehts are sometimes able to producé over:leérned, automatic
phrases (Smith, 1966), For the present, it canpséfely be concluded that
) * N i

the right hemisphere is not devoid of'linguistic capabilities and does
. s H

possess to some extent ability for lapnguage corlprehension.  Evaluation
of the full extent of right hgﬁisphqric language siills is stiil in its
infancy. As Searleman (1983) Has rightly said:

A

% . -

. ! major limiting factor in trying to evaluate the .
ull extent of right hemisphere linguistic abili- - ° @
ties, in both clinical and normal ‘populations, may .- %’
- ,be the left hemisphere's tendency to suppress or
Interfere with right hemisphere linguistit activi- o
? ties, Perhaps the reason why the right.hemisphere )
’ is, generally more successful at language perception
as opposed to.production is because the left hemi-
sphere is more successful at 1nhibiting ‘the latter
.activities, If the teft hemisphere is free to func-
tion and -exert’ control, then it may well be impos~
‘sible Lo ever accurately assess the full extent of - -~
the right hemisphere's linguistic capabilities (p., 105) .
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) males and not in females. Levy (1974), too, has noted that bilateral

~ * -
@ . o " 3
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A number of Studies in brain re‘search poin,t out that boys and .

a e

girls think diffefently. The first alue to 'Rrain differenc,es be=*

wr ] . ‘ N ‘u‘, .
+ tween the sexes cape from observations ‘of male. and female 'j.nf.’ant:s.‘)u & ¥

4 .
x .
N A LSS (2 o s

- .

h :Fr‘om h'lrth females tencbo be more sensitlve to sounds, more pro-— " ] ; 0

‘.

ficient at fine motor tasks*and learn to speak at an earlier age ‘ 5,,' ‘

-

‘than boys. Girls are also mox:e a}ttentive to soci_al cdntgx‘ts than .

&

boys. "Girls surpass boys in language skills at.an early age and thip ) )

~

‘advantage remaing?’"throughout ’life (Harris, 1978; Restak, 1981; Saks, - (Y
‘ B

1979). ‘Boys generally exhibit early vn‘sué'gl Superiority andu re . w0

-~
A’ ' 'él ‘ * ~

clums:Ler at fine motor performance. However, tfhey -are better than ’ .

o

gir%s at tasks involving total body coordination. “Boys .res’pond to . .

©

- . .
-nonsocial ‘stimuli as quickly as they do to socjal stimuli.(Restak,
< o .

te

1981)» Women have been found to be inferior to men in spatial abil- .
- . 4 4 . . - & - o' & > N . )
" ity and-appear to be more confused dbcut left and right thin men are Tra
» 29 L
in . - ., L
(Harris, 1978). Women show a lesser degree of c‘erebral laterallza- “ L v

‘,nn

tion ¥Bryden, 1982; Ischlone 1977, 1978) " McGlone (1978) adminlstered ’ R

-’

a battery of psychological tests, includ:mg the WAIS and an aphasia

- o » ¢ - 4 -

test, to ,85‘“ right-handed' adults with damage to the left or 'r:tght sJide , e

8 B
of - the brain. She found that left-hemisphere damage in men isfpaired . 'r RO

verbal ‘1.Q. wmore/than nomverbal-I.Q., whereas right—hemisphere damage "= 3

lowered nonverbal performance relative to verbal. Wﬁmen on, l:he other )
hand showed no effect of side of lesion, Thelr verbal "and nonverbal
I. Q, scores were ngt significantly different for damage to the left or

the tight side of the brain, Thus,’ lateralization was observed in the

v

-

repredentation of language-related processes is more common in women ' ‘

. than in men, In general, there is a gr’ater lateralization trenmd in

. r ¥
’ ' R

=
*
*
RPLL P
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adult males for’werbal tasks in auditory and visual studies. With res -

\nggxd to nomverbal tasks, there is some evidence for greater lateraliza~' o

ey

(tibn in feﬁ%les on auditory tasks and a weak to greater 1ateraliza£ion‘
. _ b . .
in males on visual tasks (Bryden, 1982}, - ‘,#

°

Significant gex-related differences have been noted in children .

[
e L4

. . . PR
with regard to spatial functions by Witelson (1974, 1976). She devised

& L]

- a test of tqgtpql g&icépﬁ@on known as "dichaptic'' stimulation test for ™

T e aw L
using with childzen, :In this, testing situation-(Fig. 5.6), subjects

. . « ) [
were first asked to palpate two hidden nonsense shapes simultaneously

’
&

for 10 seconds ugiﬁg the" Index and middle fingers.and” then select the »

L -
- ’ .

correct two shaﬁg; fromsa g;ouﬁ of six visually presented alternatives,

/\ ' o
The test was administeieS)to 200 right-handed boys and girls ranging in

“age from 6 to 13 years, Her results indicated that the right hemisphere

¢

was more apecialized than the left for the processing of spatial informa-

a

tion in boys, In girls, a*bilatéeral representation was found at least

until adolescence., The clearer lateralization for spatial information

. >

in boys was alsc observed in most of the adult studies (Brydem, 1982),
N :
Thus, the consensus for a greater degree of lateralization in males )

seems to emerge with regard to verbal as well as nonverbal stimuli, - |

-

I

.

Sﬁditignal evidence for sex-related differences comes from brain
andtomy studies (Geschwind and Levitsky, 1968; Wada et al., 19;5'
Witelson and Pallie, 1973), The left temporallplanum tends to be
larger than the ;ight. Wada et al, (1975) observed éhat the left plaﬁum

. was larger in adult males than in ai;lt females and more male infants
than female ipfants showed the réverse pattern of ad?hmetry. In con-'

trast, Witelson and Pallie (1973) observed slightly greater asymmetry
»

w
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Fig, 5.6

(From Springen and Deutsch, 1981)
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in famale infants, .Thus, the link between anatomical asymmetries and
functional asymmetries is, at present, not clearly established. cgex
differences have also beenm observed in brain growth, Epstein (1978)

points out that brain growth spurt for girlsiat*age 11 years is about

swice that of boys at thatA%ée, while almost the opposlte is true at®>

the age of 15 years, Another study by Purdue University researchexs
* T

a

Indicates that hy the time ﬁoys and girls reach high school, boys'
- v k3

brains seem to be more functionally balanced than the girls! (id«Saks,
: » g "
1979). Performance of 38 high school students on two sets of spatial

L)
a 2

tests and two analytic/lihguistic tests ;exg compared, Researghers dis~
covered t%at “girls,éended to use their left hemigphere in processing

all ;the t?sks, and much more so Fhan boys on spaéial tasks"‘(in Sak%,
1979). These sex~differences in brain growth and hemispheric asymmetry
in dea%ing with verbal'and nonverbal tasks can serve as‘guideline; in -
the scﬁgols %orrthe benefit of both the sexes, It should nit, ho;éver,
bé used és a measure of éuperioritv and inferiority in verbalnor

}
- - 3t g

fonverbal tasks., Superiority of. females in verbal ability or superior-
. . !

ity of malés in spatial tasks does not in any way indicate the.intel-

1ectual~1evel of either males or females, The verbal and nonverbal

P

chatacteristics of the two hemispheres are®merely two ways of proces=-

a

sing stimuli., When stimull are perceived, they are not acted upon in -

their raw form, but dre processed through the two modes of procéssing,

The difference between the two lies in their major and minor roles in

a particufﬁr task, -

. 4

Whe? considering the processes and functions of the brain, it is

-

- L]
important to note that each process or fupction involves various areas
d

of the brain wq;king in harmony, Studies have shown involvement of

.

%

t I ¢



1978y #¥vanov et al,, 1964, 1973), 1In one study by Lasséncet al.,
o a [ ‘I .
: ”“:R " (1978), the images of blood flow clearly indicated the patterned in-~
N \ :

volvement of multiple areas of the brain ¥orkiﬁgoin diffeéent pat-

. &

¢ . sterns. These patterns were dependent upoq/;hq problem and its con~

w0 hd . ., o

tent, Thus, it 3eems it is the brain as a whole that is involved in

N ) the learning process. There is no doubt that the brain (two hemi-

* spheres) is equippednwith two modes of processing stimuli - pro-
’ positional and apposjtional strategies (Bogen, 1977), and simul-

- taneous strategies and analytic and géstalt strateéies. There

t -
»

has been more emphdisis on process, specificity than material speci~

~'ficity of the two heﬁispheres (Bogen, 1977; Levy et al,, 1972;

Wittrock, 1977, 1978, 1980), Hence, Wittrock (1980) rightly ftates:
? i

"If .:. stimuli are processed by ... two different strategies \and are
T ak\learned in tyo different organiz?kional‘systems, instruction shpuld be
‘designed accordingly‘tomfacilitatg these systems." It ié unfogt ates
sthat the p;esént educational system is so dominatedy by the left-brain’
verbal,concept that deﬁt-brain approaches are egpouraged e@en when
these are not really appropriate, '"Any partnership*in which one part-
per is both silent and “invisible is bound to d elop'in a lopsided

; way" (Blakeslee, 1980). Our’ understanding.of.Hemispheric functioning

i and processing can become very useful in balancing the curriculum of

Al ’

. the schools that are presently educating only hq;f of the brain,
Learning situations and strategles could be developed ‘to cbmﬁlement
the two modes of processing stimuli, thus leading to the development

of an approach to teaching the "whole child". Gardner (1983) argues
\:M.’ «

- N .



w2

that we are all born With'a\gitential to’develop a "multiplicity of
intelligences" (MI), most of which arg ignored by our’ testing society,

According to him; the potential for musical accomplishment, bodily

2
-

mastery, and spatial reasoning, and the capacities to know oneself

as well as others corstitute the multiple forms of intelligence.
t o A4 )

These must be added to the typically tested list of logical and

w
language skills measured by a standard I.Q. test. Now, the question

that arises is: How do we achieve our goal? Aecording to Bogen
< > e b

o + A

(1977): .
v ,‘;“‘~ - C

One answer might be that we give equal time ‘to .
A each hemisphere. This is not simply a matter of
enrichment, but of saving from neglect a cognitive
potential as important for high-level problem
solving.as langudge skills (p. 148).
»

Similarly, Bower (1970) concludes that a strictly verbal-encoding
mo@ég of learning and memory is incomplete. According to him, "dual
processing systems" Eompriéing nonverbal, imagery processes (right
hemisphere) and verbal symbolic processes (left heﬁ;sphere) are needed
for effective learning and erory. He found that the rate of recall, of
lists of words increased when subjects used the techniques of mental
imagery as well as rote verbal memorization in learning, The genera-
tive model of learning'presented by Wittrock (1977, 1978, 1980) indi=-
éates that teacﬁing methods that present verbal information in % syn-
thetic spatial or imagery strategy can facilitaée memory in normal '

'

a
learners as well as in patients with left sided lesioms, Educators

need to emphasize the interdependence gf the two hemisgheres:xtipe

. developmen% of a whole brain which involves an appreciatiqn oglsignifi~

"

cant® contributions qf each hemisphere by including an wferstanding of



f.

-

.

have the potential (maybe in‘differgnﬁ degrees) of using their righﬁr
- % . ? v v

the kinds of tasks it performs and the conditions under which it per-
forms as well as the importance of the hemlspheres worklng in harmony ‘
is the most egsential crlterion for curriculum develOpment (MacKi qﬁ{’ ’

1981).

Introducing right-brain learning in the curriculum might be udeful -

=

,in actually enhancing rather than i?hibitiﬁg left-brain learning. ‘A
» *

-~

< v N . L, -
curriculum that allows students to process.information through both

modes (left and right) of proceséing can lead to greater frequqngies
! -
of success then a one-sided curriculum permitting only one mode (left)

of propcessing information (Grady and Luecke, 1978; Guckes and Elkins,

4
e

1981; Rettering, 1979), Brain research shows that all individuals

brain capacities. The same of, cotirse may be said for the left hémi-
sphere functions too. Individuals may differ in degree of potential

to use the left hemisphere, Thus,ma child who appears to be a slow
I

-
K

He may be a very capable right hemisphere learner, The potential is

2

waiting to be ‘channeled into the proper direction, It is trué,*educa;‘

tion has its limits, and even the present highly réfined‘rational

%
* ‘ *

teaching techniques canmot make everyone an "A student" in "basic"

P

-

subjects, However, to the same degree that verbal or logical teaching

can improve performance In basic subjegE;, the skills of the right

A

L ] .
hemisphere can also be developed by education (Blakeslee, 1980),
ough educators now are increasingly éoncerned with the impbr—
LI .

tance 4f right—hémisphere_functions (e.g. creativity and holistic IR

thinking), the educational eurriculum still*incorporates left-hemisphere

tasks, The core subjects are readihg, writing and arithmetic, éle :

- .
. . .
s .
-
I

learner might be slow only in regard to left hemisphere %unctiéns. ’ ' \\\



‘tion has a highﬁstatus or a good income, The reasoning behind this.

. R , r
might find a few "art" 'classes, "creative Writing" classes and perhaps
#»

Ed

music courses too, but these are optional, If a student isnot par~

3

ticipating in these classes, hardly any teagher or parent is much con- *

cerned, On the other hand, if the same’student is not doing well in

v
reading or maths, it bécomes a matter of great concern for both the

teacher and the parent. Now that neuroscience has provided a much mare

detailed analysis of the capacitiegs of the human brain, an attempt ¢an
- . we " -
be made to teach the "whole brain", First of all,.an awdreness of re-

cent advances in E;ain research is neexled among téachers, parents and
X
policy-makers, Teacher training programs could include a brief course
on "brain research", This does not imply that one has to learn neuro-
. WV

science but a basic knowledge of the structure of the human braim, its

"~ . ’ ‘ @

course of development from birth:to final maturity around the agé of

16 or 17 years and its dual mode of processing stimuli would be suf~
]
'l

ficient to deal with children witl} varying degrees of orientation to— .~
O F » *

§ . .

‘wards left- and,right—hﬁpisp j@ functions: The subject of "split

brain" in itself is so fascinating that it would be an enjoyable expe-
riencé of learning for most teachers. Parents often. attempt to chan~

nel their children toward a particula:ﬁ;;SYessiqn because ihat‘v5ca~ '

. 4 N
v

ig that it is best for their child's future., What they don't know,
e ? ¥
however, is that thby are doing more’ harm than good to their child by

pushing him toward a vocation that is not suitable to his mode of
processing (left hemispheric or right hemispheric). By expecting the.

child to do well in maths and science when he i& oriented towards

\

creativity and music, parents are fulfilling their own needs rather

than the child's needs. Such attempts sometimes result in a disaster

»
?

IS
»

AR N
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when the child grows up., He might end up with frustrationd and prob-
‘ ? .

lem$ of adjustment in his career if he 1s too late in realizing his

1

gvn potentials and interests. Hence, an elémentary knowledge of the ‘
; . "

dualistic nature of the func?ioning of the brain woulH“eqable parents

»

A to understand their children better. Knowing the mental capacities
: !
: of their children, parents migﬁ% help in providiné the proper environ-

a

I
a

- ¥
. ment for a full development. - . v

© “

’ .
MacKinnon (1981 recomuends the establishment of pregrams that '

L r
/?; », dintroduce and/or provide whole brain tasks and experiences to parents
/ N N * -

-\, and ehucqtors. This. can be abfomplished in a variety of workshop »

" activities, Drawing exercises designed by Edwards (1979) can be used

3

to experience the right hemisphere's method of dealing with the task of . %
‘ drawing. Betty Edwards uses the terms "L-mode" and "R-mode” to .,

) simplify the terminology of left- and right-ﬁemisphere functions, In

order to get a firm grasp of these ‘two modes, she recommends certain

y . {
exercises  for imaging'based on two graphic images of L-mode and R~

mode (Fig., 5.7), Thereafter,‘exercises designed to help the individual .

-

) e . R
i shift from his dominant'Lfmode to his subdominant R-mode are provided

(Fig. 5.8). This cognitive shift is a subjeetive state that only the

/

»individual can experience through drawing exercises. A left hémisphere

4

" comparison of the right hemisphere's drawing with the g:alytically

. stiff copying (often confused with successful drawing) can be quite in- ,

” T

teresfing. Another activity designed by Bergquist (in MacKinnoq,’ s

- 19§i) is playing a ggﬁe*of Petals Around the Roses, a chiﬁf‘s~gamq which
uses 'dice, The dic e thrown and, depending on the cgnfiguration of

dots on the dice, a holistic image of a rose {: experienced. The center

1

dot on each die becomes the center of the rose and the dots surrounding

5 -

“
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L-mode is\the “right-handed,” left-
hemisphere {modey The L is foursquare,
, direct, true, hard-
edged, unfanciful, forceful. N

e

R-mode is the #'left-handed,” right-
hemisphere mode. The R is curvy, flexi- '
ble; more playful in its unexpected twists
and turns, more complex, diagonal, fan-
ciful. ‘
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it become its petals, ,Those not containing a center dot are not roses.

N

Most young children pick it up very quickly, whereas many highly aca-

demic professors éet frustrated and angry when they find themselves un-

able to understand and analyze the dice. ‘As MacKinnon (1981) comments:

g

.
-

This experience 1s very successful at simulating
what 1t is like to be a child seeing things one
way and having others (like their teachers) see
’ them apnother ,.. these examples prdvide the - .
- participants with the opportunity to experlence,
. first hand,” the differences between the brain pro-
cesses. Although the goal of the educational
program is whole brain teaching and knowing, the
experience of DIFFERENCES is extremely valuable
for individuals who may be in what Robert Samples . .
calls a "left-brained rut" (p, 125). -

»

NexF, the existing curriculum in the schools has to be tﬁoroughly

» R B
) N

"

neformulafed ?6 s;o;idq holistic educatfon te its pupils, It is not
the curriculum in itself thaE needs.to be changed, rather its rationale,
process and ultimite value needs re-examination (MacKinnpn, 1981).'

., The basic subjects -~ reading, writing and maths -~ wil} remain in

7

the qyrriéulum. Other subjects =~ social studies, science, health,

-’ physical educatfon, art and musfc - "will still be a part of the cur-

y M .
riculum, Only the method of handling these subjects will change both

on thecpart of the teacher as ;Eﬁi\as the learner, The ttraditional
method of presenting information requires students to absorb, learn and

-

remember as much as they possibly can, .The more they remember, the bet-

-

1
ter the learning. In this method, the direction and flow, of information

1s from 'subjects' to the individual (Buzan, 1983, Fig, 5.9). The stu-

-

{dent is bombarded with textbooks and examinations<that right from the
*

.
= M s

beginning create feelings of fear and anxiéty. The net result in general

( B t

<
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Fig. 5.9

(From Buzan, 1983)
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a &

is legs effective 1ea£ning. Education her

v

1

rtﬁrough the examinations with good gfades. bhevei, the majority keeps

struggling hard EP keep up with the linearly joriented system. Heqfe,
& /

what the students at present need for a full mental developifent is first

-

of all a-better and €lear understanding of themselves, Only then can
,

they pursue learning about other things (subjects) most effectively,
This is again clearly represented by Buzan (1983) in Fig. 5.10, This

new system of education would concentrate on stuflents' abilities first

o

and then the subjetct matter. Each student thus will be able to -proceed
. 1 <

at his own page with the appropriate mode of procesging tasks. As a

result, both teaching and lea;ning would become more satisfying, enjoy-

<
° i

able and productive, - o
. .

-

Individual teachers' role in the educational system is oﬂ.prime

importance, Tt 1is true that they may be powerless to change the ‘con-

¢

-

tent of the curriculum, At best, they may be free to cover any numbér

’
v

qutopics within a glven subject. 1In the.worst situation, teachers ma§‘

be provided with a complete list of facts to be tilught in a siaecified g#%

order., 1In either situation,‘howevef; the teachers enjoy a certain de-
o« : ’
gree of freedom to use- their own instructional methods of teaching.
- .
Thus, if the.teacher is aware of the two modes of learning and hadg a

ot

concern for }ﬁtegrated learning, he can utilize methods of instruction,

o .

that stimulate both sides of the brain. f!fhther words, the teacher's
own interest in holistic learning and efforts toward using methods of
instruction that stimulate and develop both hemispheres of the brain

x .
may be helpful in eliminating many of the learning problems of their

‘
.
@

v
- »

-
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students, The advantage of stimulating both sides of the brain would

7 o

®
aid %n strenkthening each student's less developed hemisphere of the

brain (leff or right as the individual case may be). In effect, stu- -

denfg,in ge;eral would be learning much more about the world around

-

2

them by going beyond the limits of verbal rationality,

-

4+

.. With the development of both hemispheres of‘the brain, students
cancdramaticall§ increase their abilities to deal with various tasks
(BIhkesléé, 1950). Many highly educated 1ntellec£uals habitually
&ttempﬁ te use thé;r left brain for totally inappropriate tasks and
get frustrated, Certéiqét;sks, liie'sports, art and music, require
an "intuitive feel" ;hich is incomprehensible to the left hemisphere,

Right-brain knowledge has been ‘found to be crucial in a variety of

purely mental tasks, such as maths and science, Most creative break-

throughs are a regult of an "intuitive leap" that must then be care-

v

fully analyzed in logicgl steps by looking at the result, Thus,'it~
is extremely important tp éncourage use of both modes of processing
stimuli in our youngsters who are going to be adult contributors in

society 'tomortow in various capacities, Blakeslee (1980) rightly
¢ -

¥
)

comments : '

"

A real reform of the educational gystem will not

; occur until the individual teachers learn to
understand duality of their students' minds,
With this awareness it becomes only nmatural to .
conduct the class in a way that keeps the atten-
tion .of both the yerbgl and the non-verbal

minds (p. 59). /

It is interesting to see that young children are extremely

&
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5

comfortable and skillful in functioning both spatially as well as P
analyticélly. Most of them sit in front of the ‘television fgr
hours without complaint, and also adjust in traditional classrooms
whe;e reading and arithmetic are taught. By the time the child
enters prfmary school, his spatial skill i; suffitientlyAdevéloped
to accomplish even complex holistic tasks as well, as pérform an
analysis of éhose tasks (Guckesjéﬁd Elkins, 1981), A‘young ch%éd,

. -

when asked, can give all the details of a pop%lar television series,

q?lot, setting, and characters without any traditional instrpction.
- .

It is the séﬁBol systgm that essentially stops appreciating those
skills and encourages them towards the basic‘subjects of‘reaAing

and arithmetitc, In fact, learning té read is of the utmost impor=
tance, A child having problems in reading becomes a m?jor concern

for parents and tleachers. Reading becomes a foreign and threatening

\
school activity for some children because of the pressure which they .
are not ready éo,handle. A patient delayuunﬁil the child is ready
ts ledrn might become satisfying and meaningful to the child, *
Growth periods cannot bé ignored if we are to provide an enjoyable ,
learning experience for the child, The child as an individual is much
more import;nt than attempts to make him learn to read ana in the
process create emotional problems for the child that might be more
harmful in the long run. According to é:;kes 1Fd Elkins (1981): "One
of the least recognized but greatest motivating factors for teaching
young chiidren is the activities they explore naturally and the -

skills they develop during this exploration," These young children

could learn in their own ‘way in a kind of éetting where appropriate

-
-
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stimulation is provided but no pressure is exeyted on them, This

I

would allow each child to learn at his own pace) This seems to be

?

s A
very important, especially for'young childfen who ehter school for
%

the very first time, .

v

With the introduction of a hemisph;ficglly balanced method of
teaching (utiiiéing the two modes of functioni;g) in thg‘fchool, a
change in the process of student évaluatién is also‘needed. The cur-
rﬁnt‘practice in genergl is based on tﬁe student's abilitx'to deal
with iinear(and sequential functions, Furthermore, mosat lests emplg§—
ed for assessing fheir ag}litie; are language dominated. Nonlanguage-
based tests are needed to give a greater opportunity to stud;r‘xts who
are right-hemisphere dominant (superior in npnlanguage abilities),’

It is just possible that many students are being misjudged because of

* §

inappropriate tests used for evaluation., Hence, Grady é;d Luecke

(1978) emphasize that tests should be designed to evaluate abilities 'qik

L

. ‘ * J
of children who are oriented visually and metaphorically but not ver-

ﬁhlfyh As a result, many students may get a chance to increase their

-

scores. t 3

Tony Buzan (1983) has emphasized the importance of "mind maps"
for recall and creative thinking, The mind map approach is not only
more effective in learning as cémpared to memorizing a whole list of

information in a logical sequence, it 1s also a far more effective

measure of abilities of children who are visuaiiy oriented. Buzan

(1983) has provided few examples of mind maps drawn by school children.

The first one (Fig. 5.11) consists of normal writihg of a 14 ye?r old

boy who was seen as reasonably bright, but messy, confused, and mental-

e

ly disorganized., The sémple of his writing is from his 'best notes'
. .

- 4

L

*

-
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_method of evaluation should focus on whether the child has understood

_ that some children are good at language but-that does not mean that

- 218 ~

[ ¢
and indicates éiearly why he was described as héﬁzas. The mind map of ‘ﬁ¢
English just below his writing was finighed in five minutég whic% is
just the oppozlte of hig writing, This clearly shows how a child can
often be misjudged due to an inappropriéte Aéthod of examining him, . '
The nexthmap (Fig, 5.12) was drawn Qy a ﬂoy whb‘failedpo level economics
twice and was described by his teacher as hawidg a great deal of prbblems
with thinking and learning toggther with no knowledge of his subgeat at
all, The map completed in five minutés definitely indicates the oppo-

site, These two are just a few éxamples of inappropriate evaluation of

talented children, The third map (Fig., 5.13) is a display of an’extra-

_ ordinary creativity in maths whigh is uéuaily congsidered to be a dull

- 7 . o A

and dry subject., This map is By an A level gfammar school girl on pure

mathematics, She took only 20 minutes_to complete it, A professor of'

.

_'mathematics estimated that it had been done by a university honours stu-

dent probably in two days, This of course is a reflection of an out-

1 4

standipg talent of creativity not very cémmon among children. However,

it.is a §ery good example of how even dull and boring subjects can be

made exciting learning experiences.

Thus, methods of evaluation should provide opportunftX for either -
a 1angﬁage or a non-language mode of expressioé. Also, equal credit 1
should be given to a child who simply answers the question in a diagram- .
matic form, He should not be made to suffer just because he’did not .

submit an answér of five solid pages in the form of language,. The

-
"

L]

the concept or not regardless of the mode of expression. It is true

<
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others who are equally good at visual images and maps are in any way

- a N El

inferior to them as far as learning is concerned, Learning history,

£

geography, science or mathematics does not impose a necessary condi-
tion that one has to be very good in 1anguage. As 1ong as the child
possesses the basic knowledge of the‘language he can certainly learn

these subjécts given éhe opportunity, * The term 'opportunity' here
: T o < .

.Implies the mode of* presentation of material to be learnmed, This

obviously depends on the teacher, It is the teacher who is presenting

2 ¥

the material in the class and, hence, assumes the responsibility of 'géfi

ting through' to all learners. -
. - (.”
. It is well recognized now that one difference among learners in-,

vol%eg preférence for processing stimuli with one hemisphere or the

other (left or }ight}. Individuals differ in the way they process in-

N -

formation. Just as a left-handed person uses that hand to write or

.

draw, a left hemisphere dominant persen shows a preferemce for verbal
. ;

instructions as compared to visual instructions, However, as Grady and
LN v

Y .
Luedke ¥1978) comment: ",.. as most tasks are done more skillfully and

efficiently when both hands work together, so thinking is augmented by

botH hemispheres working together." Thus, a_multimo&al‘presentation
of materials would lead to more effective learning (Buzan, 1983{ Grady

and Luecké, 1978; Guckes and Elkins, 1981; Hill, 1981; Kettering 1979;.

-

MacKinnon, 1981), At the same time it would do justice to all learners
whether left ﬁemisphere oriented or right hemisphere oriented in pro-

cessing input. In addition, exposure through various modes would help

.
s N \

students in developing their non—preferred skills too. The most basic

»

Rl

method uqlized for teaching must at 1east provide visual as Well as

verbal stimulation.. This would allow the twe hemispheres to work in

v
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N o

harmony, hence promote full utilization of the brain in learning #nd

thinking, Other modes of presentation cquld also be accomodated so that

a

each leayner could get opportunities to develop his scope of learning,

The secondary (or non-preferred) hemisphere can agquire skills through
[+

o

experidnces and encouragement in the classroom.

. ’ Hence, to incorporate both hemispheres of the brain in learning

the teacher mué§ introduce new materials in both a linear and a

"

vishal/spatial manner, This does not necessarily require two differ-

ent lesson plans and two separate Sets of materials, It demands that
the teacher give visual/éptaétal instruction as well as verbal.

N
Accbrding to Grady and Luecke “(1978), charts, maps, overhead trans- N

parenéies, and maﬁipulable objects can be used to help visualize ver-

5 X

Fd
bal concepts, These materials do not have to be separated for those

verbally inclined and for those visually inclined, With the choice

v

on hand, most students.gre likely to use the more comfortéhle mode,
b
However, it would be helpful for them to utilize their non-preferred
4

mode, To facilitate the use of both modes, sometimes the teacher

S

should delibe;ateiy present material in only one mode., This wpuld
engble the learners.to Qe;elop their-non-preferred mode too, As an
¥

example, the teacher may read a passage with no visual stimulation

thereby restriéting students from using their right hemisphere. On

the other hand, a holistic hemispheric stimulus may utilize a slide-

tape show with music to explain the concept. Further, individual

/ &
studentd may also be given specific work to give them practice in

stimulating their non-preferred mode, Hence, it can be seen that
h 5

teachers can contribute a lot in helping all’ learners to use both

-

gsides of their brain in learning and thinking more ﬁolistic§lly. At

i
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the same time, each student would get the bénefit of using his own -

o

. preferred mode too, Thus, individuality as well as some degfée of

9 ! -~

diversity would be enhanced in each learner, ' Lo ‘ o,

t

- In order 'to develop both 'sides of the brain,-the teacher should

"design learning experiences which prov;de a whole varlety of oppor—

' L
tunities to create a balance" between the left hemisPhere s verbal—

v

analytical ability and the .right hemisphere's spatial-synthetic

N [
capacity (Bogen,01977; Gradyxand Luecke, 1978; Guckes and ﬁlkins,“‘ Ve

1981). This has been further éugﬁbrted by Wittrock's (1974, 1977, .

11978) view’ of learning, Based on recent brain research, he has hypo-

i

thesized learning as a 'generative cognitive ‘process', According to

‘his quel, verbal processes and fmagegyxboth can be use&-fér active

- o . N
construction of meaning for events and sﬁbject\matter; On at analy-

[

"sis of findings from a number of studies on recall among school chil- -

dren, Wittrock (1977) ‘concludes that learning verbal’® materlals by

N ¥

elaboratlng them in the form of images increases their 1evel of recall .

]

probably because they afe proce§sed in two modes. This model inter-

‘preﬁé learning as a.process which builds concrete specific verbal and

. . =3
imaginary associations through the process of transfer. of prior expe-

riences to new events and tasks, This view then Has major implications
. ° . 4 /

for teachers. Teaching is viewed as more than simple reinforcement of

correct responses to bits and pleces of information, It becomes a
‘ -
matter of organizing and relating mew information to the atgdent's

r

previous experience and encouraging him.to build his own representa~

tions for the present events,

Wittrock (1977, 1980) points out that it would be more fruitful

to invéstigate how learners process the environmental material in

i
s
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" and secondary mode of instruction, rather lnstructlon may be bettér

oy
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varipus and multiple ways_which may'intefaetvwith one another, Instruc-
tion means diffetent things to'different learnefs based‘npbn their

information prccessing téchplques aé well as their. experiences. Hence,

B -

the technique of . teaching needs to- develop sophisticated ways to stim—, -

ulate the muItiple prqcessing systems of ‘the braln. Further, Wittrock ‘

P2

(1977) "goes on to say that, it 1s not“‘ natter of determining a primary

' \“

. e '

when multlple modas are utlllzed._ An ;mportant issue in teaehing in- : , e

volves not flndlng out the dominant mode of each learner, but rather
the selection of varlous modes‘of presentatlpn‘t t would facilltate ; -
:‘ : - k " y ‘§ [ . ' )
an linteraction.between the twc hemispheres., Also, it is essential to c
B ’ . o 3 to. !

determine beforehand what types<ef processing of information is stim- . -

, - N N . o

ulated by, the instruetion material, This would help the.teacher.in' .
! g § S 2 ’

assessihg the’instructional material (whethet it is stimulating only-

Verbal prccessing or only imagery proce591ng or both verbal and imagery -

1 . ) . H - . . R B -
processing). e ) - - . »
®*

v

.5 . 4 I ! h
«,The . ingtructional method influences processing of information,

. As, for example, pictures are._ generally processed in images but an in~- -

structional method using pictures might stimulate learners to describe

to be stimulated among learners. Thus, Wittrock (1977); rightly con- ° .

¢

these.pictures with sentences, Therefore, what seems to be a pictorial

‘method of instruction might be a verbal one or an interactive one,

'

'utiliziﬁg both verbal and imagery processes., In other words, instrue-

tional material should.be understood in terms of the types of proces—

sing of information it stimulates not merely in terms of its apparent

characteristics. This is extremely. important if both hemispheres are

. 74
& - y
A * ‘ 4

L ) . ’:4 ’ . . * . A . - . 7 .
* cludesrthat: "we can facilitate learning with understanding and .
' ' [ “y -
' S ’ "’ .
: “\ i A P =
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compreherigsign by stimulating the brain to process infdérmation genera-
. f '

tively." This generative process of stimulating learners to construct '
I M Y‘ RS

) ‘meenihg from the information available using their own ekperience ’

- 'WOﬁldffacilitete originility in learning and mot just, reproducing v

fe

. knowledge as presented by’ others,
Instructional design matched with the cognitivé style (preﬁerrﬂd

‘. v

mode) of an individual learner ma; facilitate his iearning. The pre—””

. =;férred‘mode or cognitive style can be assessed by observing which stu-
dent is more interested in reading and writing but dislikes physical
education class; or which one takes an object apart in five minutes
but shqws no interest in‘mathematics at all, Another aapect of ‘assess~ '
ment is the amount of success a child is presently experiencing in '

3 school, ' €hildren who are 1inearly oriented would obviously score bet-
ter in, readidg, writing and arithmetic taught through»a linearly orient-
ed approach On the other hand children whose visuallspatial mode 1s

- the ~dominant one may be discriminated aéeinst fs slow learners. Also,
EEG and eye movement studies (Galin and Ornstein, 1972; Kocel et al., 1972)
provide'potential metnods of determining the preferred‘cognitive mode
of an individual. Determining the preferred eognitive mode of eech
student would heIﬁxthe teacher im reeogni;ing hie weak mode also. iThusL
subject materials can be presentedlin a way'that both of the‘student’sn
hemispheres are stimnlated but at the same time spec1al attention can be
directed et developing‘hie nonpreferred mode, More specifically, this

| kind of'approach would iead to'an indiﬁiddeliied instruction which, if

implémented in the schools, would definitely enhance learning among all

students., At present however the first step towards providing a more
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holistic agproachnto education for all learners would be to-present -

learning materials in yays that promote stimulation of both hemie-_

=

spheres 6f the brain, This would give eqqalzoppprtuﬁity‘ﬁo‘all"
learners (linear or visual/spatial dominant) to ﬁxocesexleerning
materials, The existing disadvantage of the visuel/spatiai oxviented

children would thus be eliminated. Individuelized,inetrcctioﬁ atlghe

%

.

present seems premature at this time, . SR R -
) : ! N N . - -

s pointed nut earlier, it is.nof necessary to change the cur- T'L,

riculum itself ~rather that methods of teathing need to be reorgagezed
s

o

so’ as to provide a holistic appneach to- 1earning. It is 1nteresting
‘to see.how even linearly orientedvsubjects of reading, science and
' arlthmetlcxcan be taught An-a way.- 1p whmcn both sideg of the brain Werk

. -

in harmony and'facilitate learning. Let us then first qonsider the

teaching of reading and see ‘how multiple processing systems can be :

Lo
<s;1mulated Reading is a much more complicated ﬁrocess than often con-

sidered A complex set .of cognitive precesses is involved as the two
hemi;pheres work en coordinatlon in_gecoéeicing shapes and phonemes,‘
£n relatlng past experiences to the meenlngs of words, in comprehend-"
.4 A - I ' i
iné sentence and story meéning‘ﬁy~coneéctiné‘prioyvlearning.to the

present reading mgterial. ?uthEr, transfcfming meaning into expres— Aq,
sion comprlses. a~se1eqtion oj'fELeﬁaqe information and the syn- .\

thesis of concepts,,ideas, generalizations and each individual's. v

Y
1l

affective respoqee to his own:inéerpgetaticns;“ (Guckes "and”Elkins,

1981). Hence, it has been emphasized that both hemispheres must be

stimulated, As Guckes and Elkins (1981) comment:
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From the first introduction to reading, instr n
. must build on the transfer of children's own expgigi- )
_— -ences as new learning is based on previous learning,
R Involving the children's past learning [emphasized
T ' by Wittrock in the process of learning] by using dige
. ) cussions of their own immediate experiences as a basis
AV “for language use is the first step ,,. synthesizing
v . ° these discussions and recording them in the form of ) '
Language Experience Stories to provide materials for
o the children's practice of word recognition skills
.o keeps their learning activities conmected to their )
: CT experiences. At the same time the children will .
racticing right-brain visualization, creation and ’
synthesis which js then transferred to the left brain
. for 1% flear and analytical learning (p, 142). . .

-

a

’_‘>""': ) . 3
' .- These investigators further state that allowing each ehild to

2

*pick some "key ‘words' ‘(that have some importanc% for him) as.voca~ - .

AR

bulary words:to'be iearned and used in their verbal and written com~

5

-positions could serve as a valuable task for comnecting the affect o

- ‘%gn& ﬁeelings of the right hemisphere to the left~hemisphere problem

‘

of composing word by‘word. Children need guidance in developing theilr

1!

ability to read critically and creatively. Techniques centered on the .

i

construction “of specific images and verbal connections using children's

~

? . : 3
past experiences develop attention and facilitate all leveds of compre~

1

hension, Guckes and Elkins (1981) discuss the use of PSRT format v o
. P  Predict ‘ -l
. S Support ' 4 -
| R 'Read .
T Test ’ : '

which will stimulate both gides of the brain in building representa:Eons
that will enhance both comprehension and ‘reéall, By offering his o
H supported prediction of a possible story outcome from information given s

,at the beginning of the story, each child formulates his unique purpose ,
K 4
and set for reading the particular story. The child synthesizes the

clues available from the title and sometimes from a given introductory

) : “ | j
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paragraph or picture in relakion to his prior experiences. This 1is all
carried out by the right hemisphere and later op epe left hemisphere
recelves and analyzes, After reading the story, the child compares the
details of the story with hi% initial predictiop and in the process
utilizes the holistic and synthetic approach of the right hemisphere,

Also, a‘dynamic interaction of small group discussion is of utmost
importance for children in constructing relationships among the informa-
tion gathered from theif environment and thelr reading, Through group '
interacfion, these children will learn to meke inferences and.judge
theié own perceptiors and understandings (Guckes and Elkins, 1981), * <
Generating these interaceiona becomes the responsibility of the teacher,
The teacher, by putting questions (that do not necessarily reéeire"a

I3

righﬁ or wrong answer) in front of the‘children, will stimulate the
children in develop;ng their critical and creative aspect of reading.
These sLudents of reading must Se allowed to use a’combina%ion of pic-
tures and words to communicate their ideas., This would permit an inte-
grated nge of bpth hemispheres.
Acgbrding tq\?rady and Luecke (1978), grammar can be effectively
/ earned through drama. Students themselves figure out without being .
told that vérbs aré’actfon words, because when they pantomime such
VQEéFs they are moving physically. Similarly, preposikions can be
/;nderstoda as dieection words because they find themselves giving
( directions when fequired to pantomi;e these words. Ability to write
effeceively agaiﬂ requi;es help from both sides of the brain, No mat- ’
ter how much grammar and punctuation a child knows, if he does not
know how te organize and synthesize his ideas he would not be success-

i
-

ful in communicating his ideas in a written form., Hence, right

¢

b
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hemispheric integrative factors of language, such as metaphors, imagery,
figurative language, Jh{ch are helpful in relating ggcts F? one another .
need to be developed from the very beginning (Guckes and Elkins, 1981).
An exciting writing activity developed by, Rico (in Guc%es and Elkins,
1981) to help inhibited children get th;ough to the right-brain processes

is "clustering"., It uses a branching format to record and stimulate high~

ly significant words so that the student is left to work in a non-threa-
tening situation, The presentation of these significant words leads the

student to pick out -a topic and write a paragraph on it. Examples of a

¢
’

branching format and resulting compositions have been presented (Fig.

4

5.14) by Guckes and Elkins (1981), This kind of activity has been found
to[Be very effective in enhancing gtudents' expressive abilities as well
as in developing interests in writing in learners from first grade to

coliege. In other words, it is an activity for developing writing skills

L]
\

in all learners.
Guckes and Elkins (1981) mention another activity that gives direc~
tion to children on how to use inductive processes to identify patterns’

and to synthesize concepts and generalizations, This eiperience can be

utilized in helping children formulate relationships between symbols

and sounds (spelling and reading) in a way similar to extracting meaning

, from their real world, This activity ?onsists of five steps as outlined

by Guckes and Elkins (1981):

" » v

A, First the teacher identifies the patterns and the
relationship to be synthesized by the children and ‘
selects words which follow the patterns. b

B. Then the children experience the raw materials.--
the words -~ using varied modalities as they see,
hear and say the words. .

4
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it {s. The effect of inflation on candy bars upsets me the most. As
inflation increases, the size of tandy bars decreases. The packages are
the same size, but the candy inside keeps shrinking. The companies claim.
that their prices do not go up, but you are getting less for your money.

1 fear that someday I witT~0open up my candy package-and there will only

be a teeny, tiny, mini-chocolate. chip-siggp piece of tast@1ess choco?ate
Inflation is terrible.

The amount of love you g§?e -to-'someone cannot be measured. The type
of love you share with someone cannot bé determined. 0n1y one person
can weigh the quantity ‘of tﬁe re?ataonship Love can’t be measured,
Just treasured. . 1
Fig. 5.14 ; ’ ‘

. (From Guckes and Elkins, 1981)

~
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€. The third step is to lead the children in identify-
: , ing the visual and aural patterns necessary to the

relationship, 4 )
w D, Next the children are:guided to formulate a condi-
T . tional Statemnt ——— I‘f‘ sveg then sve T the gen—

bralized statement of the relatlonship,

E., Thig statement ig then tested by using it with
additional words both in isclation and in context,
if appropriate (p. 145).

o
~

Though this activity follows a linear step-wise analysis (left

i

hemispheric task), children develop their generalizationy ability through
their synthetic abilify (right hemispheric task), This helps in broaden-

ing their scope of learning. Also, it provides & training program for

1ea;ning to use both sides of the brain in learning a task, \

P
u

L Science and maths, linear subjects, also involve visual thinking,

. N Y . .
// ‘ e discovery method has been emphasized in learning both these sub-
jects (Blakeslee, 1980; Guilford, 1981), Though it is'true that in

.. most parts of the world elementary arithmetic is taught largely through

rote memorization, little attention is paid to the.underlying concepts
which often perplex not only the young children but also the teachers.

There is not much room for questioning. The rules are given and stu-
dents are requiréd simply to memorize them so that they can soelve prob-
lems by applying them. In other words, children who have a vef& good

memory élways score higher than the others. However, the situation in.
. L U ”
Japan 1s very different as pointed out by Gardner (1983):

k3 N \

in Japan ... chdllenging problems are posed to entire *
classes, whose members then have the opportunity to
L work together over several-days in an effort to solve
" these problems. The children are encouraged to talk
to, and to help, one another and are.allowed to make
. -  mistakes; at times, older children vigit the class-
: ' rooms, and aid the younger ones, Thus, what is poten~
tially a tension-~buflding and frustrating situation is
alleviated through thé involyement of children in a

LI . "



L

common effort to understand;
for ... collaborative effort,/accompanied by\a feeling
that it is alright not to co n answér right
away, so long as one keeps plugging awa§ at the proh~
lems, Paradoxically, in our much more overly competi-
tive societyy this risk of not knowing the answer at’
the end of the class seems tpo great; neither teacher
nor student can readily handle the tension, and so a
potentially valuable léarning opportunity is scuttled
(p. 380). L

/ o

Theréfore, it i; high time we learned our lesson, Let:us ‘impart

the 3apanese Vview and implement it in our schools, The subject of maths '
can be taught in a way that encourages this discovgry process, A cons
cept learned through the process of discovery requires legs "memorizing'"
and promotes a deeper understanding and grasp of the concépt. Simple
computational problems are generally presented tobstudents in gr§phic
situvations, but usually words are used, For example, subtraction ma; be-
pflsented to a second grade student with'a problem like: "There wefe
two bones. A dog took one of them. How many were left?" quwevér, the

same problem can be presented in a pictorial form as given by Grady. and

Luecke (1978) in Fig. 5.15 below.

H

Fig. 5.15

" (From Grady and Luecke, 1978)
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The answer may be given as numerdl “one" or in the form oﬁ\a plcture of
a bone, These kinds of problems together with more traditional ones

would stimulate both hemispheres. Students can be apcourageddtq‘make

»

their own discovery in mathematical problems, Blakeslee (1980) gives
\an example.of how the simple formula for ?ind@ngkoutehow the area of

ny rectangle can be learned (Fig. 5.16), Afteg*fiﬁding areas of sev-
\ . N ‘
*eral rectangles by counting squares, the student'is instructed to gen—

eralize a formula for computing the area of any’éiven'rectangle.v Sey~

+ H

eral obgervations lead the student to digcover that ‘the area is the pro~
¥ .‘

duct of the length of the sides, Thus, he comes uﬁ{with the symbolic

v
«
-

form: Area = a x b.

o - 1

Albegraic concepts similarly can be more effectively learned

4

through discovery, A graphical solution Fig. 5,17 ) to the problem of

s&uari&g a binominal; (a +,b)2 can ge learned with. greater understand~-

ing (Blakeg}ee, 1980). Once the studenF has dréwn a square with the .-
- length of- each side equal to a + b,‘thetsbiution cah be ‘obtained by

simbie’addition of the areas of the squares and rectangle; within thes

L]

, .
larger‘square., Thus, the gtudent discavers the equation (a + b)2 =

a2 +2ab + bz. " N

¥

In the field of geometry, manipulables and figures are traditional

S

because it involves more visual/spatigl ability. Theorems to be proven:

3

, - -
are generally intuitively clear when drawn, Proving the theorem be-

comes the task of transforming intuitive obsérvation into verbal logic

(Blakeslee, 1980). Perhaps as Grady and Luecke (1978) point out, stu-

- .

dents can also be encouraged to give their answers to geometrical prob~-

lems in the form of drawing rather than verbal 'logic. The importance
. " ‘N
of interaction between the two hemispheres in the solution of

o
N

£y
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(a + )% = a2 + 2ab + b°

£ Fig' 5.17

(From Blakeslee, 1980)
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geometricél problems has been shown by Franco and.Sperry (1977) .in

thelr experiment on split-brain patients, The task required the sub-

jects to feel with one hand three geometrical shapes préseﬁted behind
a screen and then decide which one best matched five similar figures
that were presented visually, 1In'one instance, the sdhject was pre-

sented with five different-sized equilateral triangles visJ!&ly.‘

.

While loocking at ihese triangles, the subject,had to feel three tri-
angles behind the screen bith one hand ‘at a ti?e. None of the three’
exactly.matcﬁed tpe size of the visually preseqted triangleé but there
was only one that had all thrée sides equal i; length, The left hand
(right h%misphene) performance was slightly better than the righi hand
(left hemisphere) - -84 per cent versus 75 per cent, However, as the
problemé got more complex, the Qifference between the scores of the
left hand and the right hand widened. Scores for four sided figures

were 70 ¥ef cent (left hand-right *hemisphere) versus 54 per cent
4

. (right band-left hemisphere). Multisided figures resulted in still

greater discrepancy between thé scores - 82 per cent (left hand- ‘
i - . .

right hemisphere) versus 45 per cent (right hand~left hemisphere).

The increased efficiency of the ;ight hemisphere indicates its effec~

b

@

tiveness in dealing with visual/spatial problems, Since vigyal/spatial

reasoning and verbal logic both are required for learning geometry, -it

1

is apparent why split~brain patients would face great problems because .

the communication e¢hannel between the two hemispheres is missing:. The

problems that normal students encounter in mastering geometry

may be because of left brain-verbal logic emphasis in our present

o

teaching system,

‘e

Learning of scientific concepts againr is not wholly a‘left-brain
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vaj

function even though often it is classified as a left hemispheric funec-

" i

tion, The two hemispheres do dnteract in understand%ng these concepts
(Blakeslee, 1980; Grady and Luecke, 1978). Tor example, learning about
volcanoes would be far greater by setting up an experiment demonstrat-
ing volcano eruption than by merely reading books. Students would gain
a clear concept through experimentation. It would also create interest
and curiosit§ because they will be encouraged to make the discovery
themselves, A little help and direction from the teacher would make
learning of sclentific concepts much more interesting and satisfying
for the students. ’

* To encourage intuitiye reasoniné in leafning science, teachers can
also attempt to present concepts through an experiment (nonverbally)
first and then ask questions to obtain verbal responses from the stu~
dents (Grady and Luekce, 1978), As an example, they indicate that a
teacherbcould light two candles and place a jar over one without saying
a word, Students could then start éékiné questions of the teacher as
well as trying to think themselves ayput possible explanations,"¥hy
one capdle in the jar went out while the other outside remained'burning. :
It would lead to various responses and tests to support their reasons.
This kind of demonstration without answers leads to alternative modes
of thinking and encourages dependenee on intuition (Grady and Luecke,
1978). ' We all have heard about great scientific achievements that were
first discovered intuitively and then explained in verbal logic. It Is
encouraginé‘to note that experimental setup 1s generally used in the
schools to teach scientific concepts. However, the setup could be

modified in a way that learning becomes more of a discovery., The nor=-

mal course of delivering factual information first and then experimenting

” ¥
- ~

/
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needs to be reversed. The present author agrees with Grady and Luecke
(1978) who emphasize experimental demonstration first, thus encouraging
discovery or creative process. The ability to think creatively is not
something to be leaéned suddenly, 1t is gr;dual and needs practice
from childhood. As Blakeslee (1980) rightly remarks: "It is unreason-
able to é;pect people suddenly to think creatively im graduate school
if th;ir formative years were spent just memorizing facts,"

- Even subjects like history, geoéraphy and social studies can be’
taught using both verbal and visual apéroaches. A balanced and visual
presentation through pictureé and f£ilms would provide a comp%ete under~
standing of concepts, Maps and globes aré traditional visual matlerials
used in geggraphy. Students can be encouraged to give their responses
both verbally and nonverbally in the form of diagrams, maps and

-

charts.

’
LY

ﬁhat we need ghen is to promote the development of holistic, simul-
taneous abllities in our youngsters, Since left hemispheric analytic
skills are also important, they are not to be excluded from the curriculum,®
From the -preceding pages, it can be seen that the two modes of proces-~
sing stimuli working in harmony can lead to an increase in learning ag&
understanding, no matter what the discipline is.. At thils point, it is
not necessary to discuss the linear skills of thg left hemisphere, The
question arises: What are ‘the major characteriijdcs of the right hemi-
sphere that need to be developed in chiidren to provide a balanced
approach to education? On’éxamining the literature in the‘areé, it
appears that the majoé characteristics that need to be stimulated are:

iagery, metaﬁhoric thinking and creativity. Guiding children's imag-
s .

ery is very important in holistic learning (Bealsf 1981; Blakeslee, 1980;

] 2
.
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Kettering, 1979)., In general, imagery is considered to be something
on the order of hallucination becmuse of our left-brain education that
‘leads us to believe that reality is ratignal, It has been pointed out

by Kent (1977) that the abilit§ to experience images occurs very strong-

1y in most children when they are young, With increasing age, these

/ [}
tend to disappear. Probably it is the educational system that gives
very little support and egcouragement that is responsible for the de-

-

crease in imagery.' -However, imagery has been found to be a powerful
aid in learning verbal -material ﬁBlakeslee, 1980; Paivio, 1971), 1In

an experiment by Paivio (1971), pictures, concrete nouns, or abstract

- >

nouns were presented on a screen for only 1/16 second at five-second

-

intervals. The subjects were instructed toiwrite down what they saw.

a

Testing was done with two kinds of instructions given to subjécts. In
one case, the subjects were told that the experiment was conducted to

note if they could identify the briefl& flashed words and pictures,
This was incidental memorization, ~ Intentional memory was tested by

e a

asking the subjects to both write and memorize what they had seen omn

the screen, In both instances, half of the subjects were tested for
., ! v

recall after five mlointes and the other half were tested a week after,

‘Results indicated that recall of pictures was much better than recall

- .

> [

of abstract words., Incidental recall score for pictures after one

week was higher than the recall of inténtionally learned abstract

"

' words after five minutes, Further, recall of concrete nouns was 75

.,

A ’

_per cent higher than abstract noups. Concrete words can generate men~

S

tal imagés of things they stand{\for and, hence, better recall; ywhere- "
as abstract words cannot generaté® visual images and so visual images

,do not contribute ‘to the memorization process. |

~
» \
‘
. f

"
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Learning in the schools can be great]:y enhance& if curri’c)x;lum
materials are presented both verbally and nonverbally using imagery, 1
Reading or writing prose should be éccompaﬁied by a parallel flow of
imagery in mind (Blakeslee, 1980). A lot more can be retained in the
memory system via images. Imagery is\a holiétic process and therefore
does not correspond to words on a oné~t9—ond ngis. Once a passage or a
chapter’1s read, one gets the general, idea énd a general "feel" of the
whole passage or chapter a&d for;s imageé which hélp‘in re;aining them
for a longer period of time. Also, largg chunks of %erbay material can
be stored in the form of images which is extremely‘d}fficult to store
in words. In fact, using diagrams ér mapskfor noting key concepts from
the verbal materials ﬁresented in the classroom woulé/definitei& be more

effective in understanding and learning the materials rather than exten-

sive note taking (Blakeslee, 1980; Buzan, 1983). Neéw vocabulary words

" learned with the use of images would provide a meaning beyond the limi~

.

tatio;; of vérbal meanings. As Blakeslee (1980).puts it: "When words
are imaged as they are learned, they evoke moée than just a verbal
translation when we hear them," The images are useful in encoding,
Buzan (1983) po'ints out that in order to fully utilize the brain's
capacity, one cannot ignore the impartance of images or "mind maps".:
A good mind map may be very useful in making.a speech, writing term
papers, making notes and even preparing fo} an examination. Preparing
for examinations is wvery tough, especially because one has to read
vast amounts of material and then store this in the memory system until
the examination is over., This memorization process, however, would béf

come much easier 1f the student knows how to construct these mind maps,

Through these mind maps, studying time would alﬁ? be reduced to a

4
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great extent because extensive note making time would be eliminated,
Hence, 1if children are trained from their early years of scﬁooling in -

how to construct and use these mind maps, their learning would be

a

greatly facilitated, Its benefit becomes apparent especially when ' T
sthe student'épters university for higher studies where much more read-

ing is involved. It isaimportant to ﬁake a cautionary nete here that

this does not mean that mind maps are only good for academic work. It
.- i B 4"“ ‘
could equally well be utilized in any other area too, "and so all the
' more necessary thdt children are encouraged to use them, Meetings can

be specially productive if mind map structures are used b& organizers

-~
’

of these meetiﬁgé: As Buzan (1983) suggests:

On a board at the front of- the [meeting] room the '
central theme of the discussion, together with a
couple of the sub themes, should be presented in
basic map form. The members of the meeting will
have pre~knowledge of what it is about, and will
hopefully have come prepared. As edch member ' -
finishes the point he is making, he can be-asked .

to summarise it in key form, and to indicate where

on the overall mind map he thinks his point should

be entered (p. 113)., - -

r Ay

This kind of meeting would be more to the point and each member's
contribution would be recorded, " Each member would also have aﬁmapped i .
record of thg minutes - of the meeting that would serve as a reference

"point later on, Thus, its uges are nu@erous and the important pointk

."is that it doe; not exclude the left hépisphere entirely. Words,

. numbérs, éider and line; (iéfé hgmispheric processes) can and are used

in constructing mind maps.t These coupled with the organizational

abiiity of the right hemisphere Fesult in the so-called "mind maps".
Metaphoric thinking o¥ right-hemisphere thought has been largely

ignored by ‘linearly oriented educational systems and cultures (Samples,

.
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1976, 1977). Based on intensive reseasfh on children, Saﬂﬁ%ﬁs propos—

[}

0

ed four modes of metaphoric thinking that need to be developed in the

‘schools. The four modes are: symbolic.metaphoric mode; synergic

. L@
comparative mode; integrative metapharic mode; and inventive meta-
‘. ¢ i

phoric mode, It was noted that use of the metaphoric modes lead chil-
[ * N ‘

dren to develop more confidencg and capability'in invéstigaging new

%

"concepts, ideas and processes in rational ways". According to him,

° (3]

the child from age 4 onwards at any grade level 1s capable of>per€9rm— ]

ing effectively 'in each of these four modes, However, the use of
4 \
these modes is de—emphésized throughout the years of schooling., A

brief description of these modes seems appropriate here, *In the first-®

4]
'

symbolic metaphoric mode, a symbol is ascribed to am- object, pr@cesé

or condition. The symbols can either be ahstract (letters, numbers,

[

written words, ete,) or xisual (a visual picture of an object, process

t

or situation being represented)., This mode is much used in the present

society, Advertisiﬁg and road signs are illustrated by these two forms

of symbols, For some childrén and even adults, the abstract symbols

‘may be' easier to follow and for some the visual symbol may be relatively

0

easier to comprehend. Therefore, both these symbols shoyld be used in
teaching. Use of only abstract symbols may sometimes lead to an unjus-
tified labelling of a child as ﬁoor learner. Children:haviﬁg prdblems

with symbolic abstract processes can be allowed to use symbolic-visual

2

processes. To put it in anothex way, if a child is not able to write

an.idea, he. can be asked to draw or paint it. Later, he can be askeéd

to explain it in writing. This would make the task easier for guch a

child. - *

The synerglc comparative mode refers to a comparison of two or more

"'7

0
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objects, procegses or conditlons in such a mannexr that they are inte-

greated in;o 4 larger whole: The third’integrative metaphoric mode

involves a total immersion of oneself in the process of learning.

Samples (1977) asked social scientists to use this mode of nonverbal

;xﬁloration of highly technical cohcepts in their areas. - After the

integrative mode exploration was completed, the investigator asihd

cﬂildreﬂ present to present their understanding of the concepts, The

depth of their understanding was just unbélievable. In Ehis integrative PR
mode, the physical and psychic characteristics ;re extended into a
direct experience with objects, processes, or conditions outside them~
selves, Lastly, the inventive metaphoric mode leads to the creation of
a ney level of understanding through self-initiated in%e;tigation of

“

objects, proéesses or situations, The emphasis here is on 'creation'
ratéer than 'discover' which is often encouraged in schools, Further,
Samples (1977) adds that each child possesses the capacity for metapBor~
ic Yhought at all levels of cognitive development. A comparison 'of na-
tural capacity that exists at all stages of cognitive development and
how- in the process of schooling these modes are generally excluded

(with the exception of symbolic meétaphoric) has been shown in Fig,

5.18 (Samples, 1977).. Thus, what is needed is to encourage metaphoric
modes of thinking in children and to.help them integrate with their so-
called linear modes of thinking, The metaphoric modes of thinking, es-.
pecially the inventive mode and visual imagery, leads to creativity,
Research indicates that imagery is important in creativity both in

anky and séiences (Gowan, 1981). Another investigator points out that

guided cognitive imagery enhances creativity (Roberts, 1981). The

procéﬁs of such a guidance is presented in a report by an eighth~grade

L4
L4 .
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language arts teacher (in Roberks, 1981): T

+++ After students have read the first parf of a
story or poem, I have them put thelr books aside

and relax, making their bodies comfortable.and

loose all over, Then they reflect on in informa-
tion covered thus far and pretend they are the author
of the wor I tell them to put themselves complete-
ly into the giwen setting and temporarily become each
character in the story, They try to experience the
problems and joys presented in the reading up to the
agssigned point and go beyond that to create individ-
ual turning points, falling altion, and conclusigns.
During ‘the reflection period, I must aect as a guide
to ensure that students recognize the most important
and moving sections of the assigned readings (p. 52).

i

The Wern;cke area of the‘right hemisphere appears to be the control

center for lmagery (Jaynes, 1976), Imagery is at work all the time but

during waking hours it remains largely suppressed due to dominance of

left hemispheric functions.

in étimhlating right hemisphere activity and thus give a break to the

Art and music activities can be helpful

left hemisphere. Increase in right hemispheric activity would enhance

creativity (Gowan, 1981). It is essentipl here to note that creativity

is not entirely a right-hemispheric process., Both sﬁdes of the bradn~,

work in coordination to produce a new idea, art or achievement

(Blakeslee, 1980; Garrett, 1976).

The right brain is responsible for

visual thinking and intuition and the left brain's ability is needed to

grasp the

This creative process is such that it can be encouraged in teaching

et

value of the idea when it appears and explain it logically.

science and maths. Creativity involves considering divergent possibili-

ties and nét necessarily work for a right answer. This approach has

L4

] »

been applied'to some experimental courses at the University of Illinois

in which maths is taught from lower grades onwards by a "discovery"

method rather than giving the ‘rinciples (Guilford, 1981), Teaching

/

/
/
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science to children by the method of "discovéry" is also being carried,

out at the University of Illimeds., Thus, the movement towards introduc-

ing right hemispheric activity kés begun to some extent, What'is need-
ed,‘however, is introducing such activities on a wider scdle in the
schools. The principal value of the findings of hemispheric specializa—
tion lies in providing scientific support for amore diversified cur~
riculumfthat glves emphasis to various modes of presentation (verbal as
well as visual/spatial) rather than a drastic change in the content of
the curriculum,

The whole purpose ;f stimulating right brain activities is to pro~
vide a more holistic mental growth of children. Though théoretieal
understanding of the importance of activiFies such as art and play in
learning is recognized in the field of education, not much attention
is given to implementing it in practice. Art of drawiﬁg, ﬁusic and
physical education classes are usualiy arr;nged in the late afternoons
and not much serious théﬁght is given by the school authorities as to
whether the children are progressing well in these activities. .Also,
these activities are considered to be causing interfereéce in the more
"academic”" areas of learning, This very attitude needs to be changed,*
In fact, theseé activities may act as a relaxation activity and give
the left hemisphere a rest period, In fact, school programs offering
a balance between right and 1ef€ hemispheric ‘activities have produced
high te;t scores in basic areas (Grady and Luecke? 1978). These two
investigators point out that imtermediate students in the "Learn To
Read Through the Arts" program in New York have achieved significantly

higher scores in reading, Fourth, fifth and sixth grade students

participated in the program which relates art and reading activities,

~
"
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Students who attend art classes six to eight times more often than the

other students have been found to make significant progress in math as
§

well as reading. In another program "Interdisciplinary Model Program
in the Arts for Children and Teachers" (IMPACT) in Columbus, Ohio,

students not only improved their scores in reading and maths but also ex—

hibited syperior problem-solving ability (Grady and Luecke, 1978).

Thus, the evidence is enough to indicate the advantages of right !
4

heéispherfc activities not just for the sake of its own development !
1

but for the benefit‘éf left hemispheric functions tod. §inging (right .;‘
hgmispheze activity) can be combined with iearniﬁg spelling (left hemii'
spheré activity)qh The literature on the functions of the two quispheres
clearly indicates that~theng\i§\§ great deal of ;verlappini;betweeﬁ them ~

\\..
| 4 k] -
with regard to most of the functions?f,ﬁven musical ability which is gen~

°

erally ‘classified tnto the right hemisphere domain 1s.handled by the }eﬁp
) \ :

»

hemisphere too among trained musicians, Untrained musicians shoﬁ a left

ear (right hemisphere) dominahce for musical gtimyli; whereas trained

musicians show a right ear (left hemisphere) dominqﬁce or no d minancg

at all (Gordon, 1983). These data then provide furtherfsupport
integrated functioning of the two hemispheres,- Deveiopﬁént of bo

important in educati&n to provide-a more integrated holistic learning.
A final note is that all learners are to be treated equally regardless of

sex or handedness. There will always be a fe® more proficient than

others at academic learning due to individual differences and, there-

°

fore, all need equal opportupity'and encouragement for the pursuit of

any subject taught in the séﬁools. '

)
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Chapter VI

*Summary and Conclusions.

L

<
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Attempts to keep up with the burgeoning~literatdre in the field
of brain research, especially related to split~brain, have not been -
easy but definitely exciting and enjoyable. The neurosciénces have

come a long way toward that pqint“iﬁ sophistication about the human

brain where its fascinating functiopal mechanisms are being discovered..

e

The human brain probably is the most magnificent structure in the .
. ¥

v
& 7

universe, The cerebral cortex, the most receqyly evolved parf of the -~
) Lo v iy .
brain, is responsible for' the more complex psychological functions,’
» ’ ',‘! . <
such as learning and memory. It consists of two‘hemispheres exactly?
- ’ - i) « L4 »

alike in appearance with a duplicate of all the ,control centers found

in one hemispjpere, The two hemispheres are conmected by a large bundle -

& L

of million§ of nerve fibers calléd the corpus callosum or the "great

cerebral commissure" (Sperry, 1965)& The corpus callosum, due to
its physical prominence, has been a subject of much interest with

regard to its functions in the brain, It is in fact the section-
ing of the corpus callosum that gives rise to'the phenomenon of "split-

A}

brain" (along with minor forebrain commissures),
. An important characteristic of the split-brain is its bilateral
}redominance, each with its set of identical cqntrol'centers over the

brain stem and spinal cord ﬁhich renders either one capable to a large
: : g

degree of taking over and conducting the total behaviour of the body
(Sperry; 1961), The gplit~brain qppro§cﬁ provides the opportunity of
¢ . .

[y 7 ™ L4
comparison of the performance of the two hemispheres ofi tle same' task:

* T

in the animal as well as in human beings., Mor&over, the sﬁiit-braiq

\
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teghnique allows one to functionally compare a unilateral lesion with a

symmetrical bilateral aﬁin&i:? (with regard té visual stimulation) when ”

the eye¥ipsilateral to the lesion is keptippen and the other eye sutur-

ed shut, When the eye contralateral to ﬁhe‘}esioni}s open and the ipsi-

lateral eye shut, the animal's behaviour (related to visual stimuli) is

like the one‘in its preoperative étatg.‘ This, Dowper (1981) suggested

thaé it can bé possible in effect4;; remove brain tissue andtrep}ace it &

by opening and c19s?ng the appropriate eye,
Although the cgrpus callosug has a long histofy of investigations, -

results were I?Egely inconmclusive with regard to its functions prior to

the discovery of the ;plit—brain phenomenon (Joynt, 1974), A series of

investigations by.Akelaitis, (1941a,, b, 1943, 1944) and Smith‘énd

Akelaitis (1942) on patients with partial or complete-allosal sections

were unable to attribute-'a definite function to thel corpus callosum.
These patients did not show any significant change in their behaviour
after the operation and, hence, the corpus callogsum did not” appear to

be of importance. No wondef, once it had been gaid that the fgnction

of the corpus callosum was merely to keep thé two hemispheres in plage

(Sperry, 1962). In other words, the corpus callosum waa:considered L.
to be one of the largest and most useless among all the brain structures,
It was largely with the work of Sperry and his eotlaborators in

the early 1950's that a surprising discovery was made, The two hemi~

«

% °

spheres of *the brain were fouzﬂ to function indgpendentl§ after the

sectioning of the corpus callosum, Initial experiments were carried

out on cats who bhad their'opti& chiasm and corpus callosum bpth sec-

tioned (Sperry et al.,, 1956; Stamm ahd Sperry, 1957). Results on the

whole indicated that learning and memory occurred separately in the two

s

s
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disconnected hedispheres. Each disconnected hemisphere developed its

i

own privaFe learning and memory experiences that are in Do way linked

with the other hemisphére. Moreover, the two. hemispheres could be

" trained simultineously to learn diametricdlly opposed solutions to a

N %

particdlar tas& (Myers, 1962), No sign of interference was noted be- '
tween the two processes of learning (Sperry, 1958, 1961), With the

-
uge of a specially designed apparatus, it became evident that concur-

¥

rent learning of reverse tasks could proceed simultaneously (Trevarthen,
g
1960, 1962), This independence of the two hemispheres was only limited

to the split-brain-after the sectioning of the corpus calfosum, Thus,

it was concluded that the corpus callosum serves as a path through which
interaction and cooperation occur in thé normal brain resulting in unifi-
eé behaviour,

Upon review of the studies on split-brain animals, it is apparent
that the corpus callosum is imporgdnt in the normal functioning of the
b;ain.' Two main viewpoints seghl to emerge in the literature., Accord-

ing %o one point of view, the corpus callosum is the link through which

stored memory traces are available to each of'the hemispheres, Cortical

engrams are limited to one hemigphere only (Doty et al,, 1973; Gazzaniga,

1963\). When the need arises, stored memory traces are tra*nsferred to
the o;her hemisphere via the corpus callosuﬁ. The cdkpus callosum is
considered to Mg involved in ihtegrating information from the two hemi-
spheres. T:ijother viewpo%ntfconsiders it as responsible for laying
down bilateral memory traces in the tq? hemiaphere; (Butler, 1968; Ebner
and Myers; 1962; Hamilton, 1977), Upon analysis, it appears that
neither is incor;ecc or contradictory, The integrative function of the

corpus callosum ig evident, in the unified behaviour of the normal

.
- .
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animal, Furthermore, due to bilateral sensory projections messages
are received in both the cerebral hemispheres and integrated via
the corpus callosum. It can be safely concluded that the corpus cal-

losum makes a significant contribution to normal mental unity in

anlmals as well as in humans.

“

The experiments on split~bgain animals have to a large éxtent

coné}ibuted to the invest%gations of mgntél functions in hué;ns.

Animal spiit—brain studies would:continue to increase our ﬁiderstanding
of the complexities of the human brain.. Similarities in the structure
between’the'mammalian brain permits variability in experimentation., The
complexity of mental functions in humans places certain restricti;na in
terms of eéﬁerimentation. Therefore, initial investigations are conduct-

: - -~
ed on arimals':brains. Results from these studies serve as guidelines
i

“for exploration of fhe human brain, when therapeutically justified.

+ # The independent functioniﬁg of the two separated hemiépheres in
the split-brain animal generated questions concerning mental functions
of the disconnected heéispheres in the human brain, Findings from
split-brain laboratory animals indicated the possibllity of discover-
ing similar.disc¢onnection symptoms in humans, Geschwind and Kaplap
(1962), while engaged in identifying disconnection symptoms in a pa-
tient g}th cerebral neoplasm and callosal infarction, noticed that
although he could write clearly with-his right hand, he could write
"J;hasically" with‘his left hand“too. ﬁowever, the patient was igno-
rant of what he had written with h}s left hand. F;rther examination
led tﬂese two investigators conElude that the patient's hemispheres

had been discondected due €0 a lesion in the cofpus callosum., Later

autopsy confirmed their conclusions. Lack of significant impairment

s
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of functions afﬁef ;ectio?ing of the corpus ' callosum in animals paved
the way for the neurosurgeons to perform the split-brain operation on
patients éuffering from uncontrollable epileptic seizures, The pur-
poge behind such an operatién was to limit the seizure to one hemi~
sphere, The first patienf to undergo the operation was a 48~-year old
war veteran by Bog%n and Vogel (1962)., Since th;n, a number of pa-
tients have been operated on.and thorough invesfigations have been
conductéd using various tes;&ng procedures,

Investigations at Tirst did not show‘any noticéable change in -
the pati;nts' behaviour, More careful ;bservation led to the gradual
discovery of changes in their daily behaviour. In general, sﬁontaneous

L

coordination of the whole body remained normal, However, some disco-
ordinated involuntary movements of the limbs, compared with those ob-
served in split-brain monkeys, were noted in vaéying degrees in differ—
ent patients, Further sﬁecific tests revealéd the main features of the
split-brains, The right hemisphere's role in perception becatie evident

(Gazzaniga, 1967). The left hemisphere dominated in verbal response

and the rigﬂt'took over when nonverbal response was required, ?he
Vs

right hemisphere, however, has some linguistic capacity in that’it can

identify a wqrd by responding nonverﬁally. "The upper limit of language
capabilities in each hemisphere diffefs from individual to individual
Gazzaniga, 1967)., 1In the early years of life, the two hemispheres are
equipotential, In case damage occurs to either, the other hemisphere
is capable of taking over its fumctions, Speech is developgd and main-

tained in the intact hemisphere (Basser, 1962; Searleman, 1977;
1 P Vs

. . . C
Zangwill, 1960}, The dominance of the left hemisphere is specificaily

related to its verbal function which is a unique characteristic of man.
" : -
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One importagt"point woréh noting in the case af split~brains is -
that the major dominanf‘bemisphere (usually the left) or the language
hemisphere has no connectioé whatsoever .with the minor (righé) hemi~
sphere (Sperry et al,, 1969). Hence, when the major hemisphere does
the talking, it is speaking for itself and can only guess about the
other's activity, Ewidence in support of simultaneous_fndépenéept
functioning of the two disconnected hemispheres has also been noted *
in-the split-brain patiept. The sectioning of the corpus callosum
leaves the patient with so-called "two minds". Since there is no
interaction between thé two disconnected hemispheres, it provides .
the Oppoét;nity for separate exploration of funetions of each hemi-
sphere, 1Imn fact, much of the specialized functions of the two hemi:
spheres has been discovered by testing each hemisphere independe;tly
without the other hemi;phere's intrusion,

{

Linguistic ability has been largely associated with the left
hemisphere in the case og normal right-~handers and right hemisphere
in the case of left-handers. However, Searelman (1977) points out
tha; language is comprised of two aspects, namely#ﬁroduction and
compréhension Jf speech. There is a difference between the two which
is often ignored. The left hemisphere dominates in the production‘of
speech, but the right.is also competent with regard to comprehension
of language given the opportunity. it is probably this failure to
distinguish between the two that one finds earlier remarks in the
literature absut the right hemisphere as being "mute" or "word-blind"
or "word-deaf" (Geschwind, 1965a, b), A number of studies has been
carried Qut to determine linguistic capacities of the right hemisphere

(Gazzaniga, 1970; Gazzaniga and Hillyard, 1971; Sperry et al,, 1969).
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~ vide evidence for verbal ability in the right hemisphere of P.S.
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In general, the right hemisphere is able to comprehend nouns but verbs
remain outside the domain of the righé‘hemisphere. Investigations of
a particular case, P,S,, have demonstrated a wide fange of linguistic
capabilities in the right hémisphere (Gazzanliga et al., 1977, i979).
The 1977 study indicated that both>hemispheres were capabie of proces-
siﬁg nouns, verbs, rhymes and antonyms, Further investjigations pro-

) KN
(Gazzaniga et al:, 1979). On the-whole, the right hemisphere of P.S.
has éeen found to be unique, Cazzaniga (1983) on the baqis of his

findin. with split~brain patients concludes that various manifesta=-

-
E

tions of }inguistic capabilities in the right hemisphere are due' to
early damage to critic;i areas of the left hemisphere which prompted
the other to take oyer its functions., This has been supported by the
small sample of split-—brain patients' medicaf}ﬂstory. At present,
the consensus is that the right hemisphere does pogsess some linguis-
tic ability in the split-brain patients., The extent of linguistic
capacity varies from oﬁe patient to another, The dominance of one or
the other hemisphere depends on the requirements of a ga{Z;:21ar task
(Levy, 1983)., The two hemggpheres utilize two different modes of pro-
cessing stimuli under the same conditions of sensory input and motor
response, The linguistig capacities of the right hemisphere become
apparent only under specialized testing conditions, Under normal cox-
ditions, the commissurotomized patient appears normal in his dally be-
héviour because of the dcqinance of the left hemisphere,

Mathematical ability is mainly controlled by the left hemisphere,
Only very simple tasks, like matching numbers or adding 1 to numbers

below 10, can be completed successfully by the right hemisphere of the

L3



P

»

.= 254 ~

split-brain patient. They are pnable to éerform tasks requiring adéi—
tion or subtraction of two or higher numbers and-multiplieation and
division (Sperry, Gazzaniga and Bogéﬂ, 1969). The righﬁ hemisphere
has also been found to be capable of handling intermodal transfer tasks
between vision, touch, hearing and bther modalities. A solution learn-
éd through auditory stimulation, as an example, 1s easily transferred
into vision or‘ﬁouch, and vice yersa. The right hemisphere excels thé
left hemisphere.in emotional sensjtivity and spatial conceptions. Bas-
ed on a segies of investigations of, spatial abilities in the two hemi-
spheres (Nebes, 1971, 1972, 1953), it becomes apparent that the right
hemisphere is superior in spatial tasks., A number of studies has shown
that emotional reactions are iﬁitiaﬁed by the right hemisphere primarily
(Gordon and Sperry, 1969; Ley and Bryden, 1979; Lishman, 1971). ‘Thus,
the r%ght hemisphere is superior at handling emotional stimuli and
spatial ;asks. |

The phenomenog of coﬁsciousness is one of the most fascinating as
well as controve¥sial éoncepts in the human psychologicaf'field.
Split-brain.literature has clearly demonstrated two separate minds
after commissurotomy (Bogen, 1977; Gazzaniga, 1970; Sperry, 1556,
1967, 1968, 1974, 1976)., A number of investigators believe in two
modes of consclousness originating in the two hemispheres (Bogen,
1973; Ornstein, 1977). Bogen (1973) has provided a whole list of
dichotomies suggested by various researchers. Sperry et al, (1979)
have reportedpévidence of self-recognition and social awareness in
Eﬁe right hemisphere of the split-brain patient. This has further

strengthened the right hemisphere's independent state of comsciousness ,

which is comparable to the left, Thﬁs, it becomes obvious that both .

-
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the left and the right hemisphere play significant roles in higher psy-

E

.chological functions - consciousness, To neglect either,is unjus-

e

tified, TUnder normal conditions, the two work in an integrated manner.

This duality of mind or consciousness in the split-brain leads'

\

to the question of the nature of comsciousness in the normal individual.
The question of mental duality has received considerable attention
withw§ESpect to normal individuals with intact cghmissures. There are
two points of view, According to one point of view, there is a single
mind in the normal brain. The splitting occurs as a result of, commis-
surotomy (Sperry, 1977). The other view maintains that there are two .ﬂ
minds in the normal brain too (Bogen, 1969; Puccetti, 1973, 1976,
1977a, b, 1981y. The researchers seem to égrée.on unity in function-~
»

ing of the normal brain. The disagreement is related to the'issue of
'one or two minds® in the %ormal individual with intact brain commis-
sures, This controversy at present seems té'be far fromAbeiﬁg resolved,

Split~bra£n studies on humans have contributed a great deal in

-

understanding lateralization of mental functions as well as limitations
of each with respect to 1inguia£ic abilities and visuospatial abiLitie§.
The characteristics of the right hemisphere have-been revealed, All
these findings have been helpful to researchers in makiné attempts to
investigate the normgl'functioning of the human brain, Split-br;;n
findings have been especially usefui in disgovering the dual godes of
processing of stimuli by the two disconnected hemispheres, This dis-
covery of the nonverbal mode of processing‘information by the right

hemisphere provided the basis for exploration of the right hemisphere's

functions and gpecific roles in various complex mental functions,

-
-

Most importaﬁtlf, it is realized that the right hemispheré is no less

x
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important than the left in complex psychological functioning of the

individual,
By the end of the nineteenth century, it was widely accepted

that the two hemispheres, despite their physical similarity, are very

different in their functions, The left hemisphere came to be regarded

a8 the dojinant heizéphere due, to its control over language. It was
considered \to be important in interpreting sensory input and planning
and controlling behaviour. The right hemisphere, on the other hand,
was considered to be a mere relaé center, The right hemisphere was
known to control only elementary sensory and motor funétioné of £ﬁe

left side of the body because these are represented in mirror-image

fashion in both hemispheres.

While brain lesion cases and split-brain patients have provided
gignificant experimental evidence for specialization of ‘the two hemi-

spheres witll regard to mental functions, investigations of normal.

individuals regérding hemispheric functions are needed to obtain fur-

ther clarity on- the subject, Findings from normal -population studies

-

would certainly be more representative}of the functioning of the nor-

mdl undivided brain. Also, studies of the functioning of the two

’ pemisphéres in the normal population are more readily écceséible comj

pared with small .numbers of patient populdtions with unilateral brain

. ¥

dama§§ and split-brain surgery.
Though left hemisphere superiority inrspeech functions had been

-accepted, no attémpt was mide to investigate anatomical gsymmetrf of

theé brain until 1968 when Geschwind and Levitsky investigated the

’

structural organizatlon of the temporal speech region in both hemi-

spheres, These investigators‘observed a 1arger‘p1anum temporale in
{
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the left hemisphere as compared to the corresponding area in the right

4 .
in 65 per cent of the brains. Only 11 per cent of, the brains had a larg-
er planum temporale on the right, The rest of the 24 per cent indicated
no difference. In fact, their study led to a number of inwestigations on
anatomical asymmetry of the brains examined postmortem (Le May, 1976;
Wada et al,, 1975; Witelsom, 1977; Witelson and Pallig4fIQZElL/ Other
studies on living brains using the techniques of cerebral angiography and

computerized tofgpgraphy or CT scan'haye been found to be useful in inves-

* -

- tigating the asymmetry of the brain, Information about anatomical asym-

netries and functional asymmetries obtalned from studies on the same nor-
mal individuals allows the investigator to infer the relationship between
the two,

, The literature on cerebral asymmetry and handedness are in égreement
that asymmetry is correlated with hand-preferemce, On the whole, right-
handedpess is related to anatomical gsymmetry in one direction and left-
hahdedne;s with either less anatomi;al asymmetry or asymmetry in the re-
verge dirgction (Witelson, 1986). :The phenomenon of asymmetrical func-
tions«og the ﬁrain.observed in split-brain patients has been investigated .
in the normal human population to obta1£ further clarity on the subject.
The techniques used for sgéﬁ investigations are often call?d noninvasive
beciuse they do not inflict any harm on the individuals., The visual sys-
tem aﬂd the auditory system have been very useful in investigating the
degree of contribution of the two hemisﬁheres in a - given cognitive func-
tion, Kimura's (196la, .b) studies on perceptual asymmetries us;ng the
dichotic listening technique provided evidence of lateral differences in

the brain, Results of her studies pointed out that crossed auditory path-

ways ﬁain, dominance over the uncrossed ones in a(x\itory perception,

.
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Findings of other studies using tachistoscopic presentation amd dicho-
tic listening task were similar to Kimura's findings, VErbal-mater;alﬁ
was found to be more efficiently analyzed by the dominant or "speech

'hemisphereﬁ usually the left in right-handers., In the case of right
hemisphere dominance in speech, performance was better through left-
ear presentation of stimuli in a sﬁali group of patients as determined
by sodium amytal technique (Wada -and R;s;;ssen, 1960)., When it comes
to nom-verbal auditory stimuli, the right hemisphere dominates, A
left-ear (right hemisphere) superiority was\obperved in a group of nor-
mal subjects on a musical task (Kimura, 1967), Thus, it is the nature -
of stimulus that determines the direction of auditory asymmetry, ;nd
the asymmetry in turn reflects the diffe;enf functions of the two hemi~
spheres,

>

) A series ;f experiments was conducted by Kimura (1969) to determine
differences, if any, Qgtween the’performance of the two hemispheres in
spatgal perception, Findings clearly indicated a.left-visual-field
(right hemisphere) siuperiority in handling visuospatial tasks, On the
basis of herr{{ndings she also concluded that distinction between right
and left heﬁispheres with regard to visuospatial ability ;a§‘be more
striking in m;n than in women, Visual studies with normal subjects '
follow the same technjque of central fixationm with tachistoscopic stim-
ulation used in sglit—brain patients, 1In tﬁise studies, the two basigq
measures are speed and accuracy, the former considered to be more sensi-

tive to lateral asymmetries. Reaction time, aiaﬁgsure of spéed, has
been useful in understanding the nature and logic of the information~-
transmission mechanism in the normal integrated brain (Berlucchi et

al.,, 1971, 1979; Buchtel et al., 1978; Geffen et al., 1971, 19724

'
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Rizzolatti, 1979), In simple Vvisuomotor tasks, the homolateral hand-

“visual hemifigld combination produced faster reaction time than contra-

N L]

laferal_combination (Berlucchi et al,, 1971), These results are con~
sistent with split-brain findings obtained by Gazzaniga et al, (1967).
In complex visuomotor tasks, howeve}, the role of the specialized
hemisphere becomes more important and, hence, stimuli projected to the
specialized hemisphere elicits a smiiler reaction time.’ As an example,
letters or alphabets recognized by the right visual field (left hemi--
sphere) gi@e ghorter reaction.time thanllhe left vigual field (right-
hemisphere). Similarly, left visual field (right hemisphere) is supe-
rior to right visual field (left hemisphere) in recognition of faces
. N .

(nonverbal material). Thus, the nature of the task becomes importanf
in determining hemispheric asymmetry, '

Further, the degree of* involvement of each hemisphere v;riés with

-

different aspects of vi#ual perception, Imn general, the ;ight hemi-
sphere apggérs to be of prime importance for complex.visuospafial}func—
tions as well as for more basic perceptual procésses, There is s;ffi-
cient evidence tg show that visual field asymmetry does exist, Con=-
troversies surrournd the dominance of one or the other hemisphere %n
various tasks, Both hemisph;rés are invo}véa.in processing complex
visuospatial Qiécrimiﬁhtion t;sks. The difference between the two

lies in degree of‘involvement. This is supported by results related

to pérception of emotional stimuli (ﬁﬁchtel et al.,’l978). The left
hemisphere is faste¥ in ide#Fifying ambiguous emotional stimuli, On *

the other hand, the right hemisphere is faster in,analyzing clear-cut

emotional tone of stimuli, Hence, it can be safely concluded that for

-

. any given task, there is one hemisphere which takes the major role and

Y
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one which assumes the minor role. .

EEG recordings have also been useful in studying asyﬁmetries of
the two hemispheres, Electrodes a£e placed ;n the scalp of the head
and brain activity ig recorded while the subject is engaged in a par-
ticular task. Qalin and QOrnstein (1972) were two of the early inves~

tigators to study EEG asymmetry En relation to the nature of the task

in normal subjects. Their findings in terms of alpha rhythms of‘the L

two hemispheres indicated a greater Involvement of the left hemisphere

- IS
)

in verbal tasks and a gte;ter involvement of the right hemisphere in
spatial tasks, A large n&mber of studies have been conducted on later-

Fl cognitive asymmetry using EEG téchnique. Visual-~ and auditory-evok-
;d potentials have been recorded from different areas in the two hemi~
spheres using verbal and nonverbal or spatial tasks. In general, they.
all support lateral asymmetry. -In additiom, Gaiin and Eli&s:(l975) not-
?d that even simple stimuli are processed differemtly by the two hgmi—

r spheres depending upon ;oncurrent cognitive activities. ﬁoreovér, later-
al asymmetry has been observed in infants as as old as 6 months.by re-
cording brain agtivity from both hemispheres during presentations of nor-
mal speech and music stimull (Gardiner and Walter, 1977). In summing up,
findings from EEG°'studies on normal subjects do support lateral asymmetry
obsgrved in split-brain patients.

1

Another technique used to investigate lateral asymmetry in normal .

e

subjects is the cerebral blood flow technique: Changés in the activity

of various parts of the brain are reflected in the relative! amount of

“

blood flowing through those areas, Findings from a few studies conduqtji -

4 . "

ed support the general asymmetry observed with qegara to verbal and spa- .

tiai‘tasks. A verbal task showed an increase in blood flow in the .

“ o 3
. _ A
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left hemigphere whereas a spatial task showed a nonsignifipan; increase

in right hemisphere blood flow. Subjects indicating an increased blood
flow in the right hemisphere scored higher on the spati;i'rask in com~

parison with those indicating.elther no.change in flow or an increagsed '

left hemigphere flow (Gur and Reivich, 1980), Again, evidence of later-
. N ¢

al asymmetry is clearly seen, It may-be noted, however, that cerebral

flow techniques are at present not sufficient to obtain 1nformatlon

L
»

from the deepest regione of the brais,
Sex differences in termg of brain asymmetry have also been pointed ’

out by a number of ‘researchers, Larger perceptual asymmetries have

v n

been obgerved in men than in females on both verbal and spatiel«cogni—‘

. <

tive procegses'(Kimura, 1969, 1973; McGlone and Davidson, 1973; Levy,

N

1980). Males seem to surpass females in certain visuospetial tasks,
1 p

indicating more clear specialization of the right hemisphere, Females,

'S

on the other hand, seem to dominate males in verbal fluency, This dif-

ference 1s reflected in early hemisphere specialization foravaéuospatial

Y

tasks in boys and in early specialization for 1enguage in girls. Latef-. |

alization is more marked in men with regard to cognitive processes than

in women. In females, there seems to be a lesser degree’ of asymmetry

.

with regard_to verbal and perceptual processes (Levy, 1980). In other

words, . there is somewhiat bilateral representdtion of cognitive functions.

\
v

However, at present definite conclusions with regard to sex agymmetry in

J

Y

cognitive functions ¢annot be drawn,

The'literature cerebral aéymmetry in pormal subjects provides

us with abundant evidence for latefalizationwof cognitive functions.
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A.feq confroversies are to be found but that is only normallin scientilfic
sfudies, With the gradual deyelopment of dichotic listening, laterali’-

ed Wachistoscopic presentation and EEG techniques, considerable know-

" ¥

> ~ . »
ledge has heen obtained about the functioning of the normal brain,

These findings from the normal brain as a whole support the phenomenon

t

* of laterali?y observed'in split-brain. studies. =~ ., ,

fiThe major controversy in the laterality issue has often revolved

arodnd linguistic functions of the two hemispheres. Though there is no

”'disbute regarding the left hemisphere's dominance in language among

v .
-

:right-hander;, } se:\:ic;us problem exists with regard to the fanctions of
the Fightfhgmispherer Due~to the ﬁ;niingdistic nature of th; right "
ha?ispﬂ;re, it often becomes }hf~ta;get of being 1abé11?d as "pas%ive"'
and "nonresponsive" (Gazzaniga, 1983)." However, this is not accepted °

by all, Levy (1983) emphasizes the fact that the right hemisphere ‘is

. 3 * “i} L . * « . Y )
active as well as respodsive, This latter view hae received much atten—

>

tion and a revolution’towards attributing equal importance to both hemi- -

‘spheres in the field of, education is in the aif. Each one (left and
ke . i ‘

right hemisphere) has its own method of processing stimuli and makes its

Unique contributjon in rhe integrated functioning of the brain, In ad~

- dition to the méjdr difference4betweén’the two, hepispheres in terms of

A i

-

*

functions (left hemisphere~verbal and right hemisphere-nomvetbal or

»

oL .
viguospatial) there is ‘a basic difference between the mgthods of proces— {

a v o

' sing stimuli. The left hemisphere's ap%roach is anélytic‘and logical,

-~ » 3

whereas the right hemispheré's approach is gestalten holistic. It is-

4

the recognition of this basic difference that is very iﬁpgrtant in the‘

" field of education if it intends to provide equal opporxtunity fq; learn- |

* » ¢

ing to all learners,
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It is clearly evident that the present educational system is

2

1
successful in terms of its primary concern for teaching its people
. . ‘

to learn how to read and write. However, one can easily ngtice the
-~ AN
widening gap between the needs of students and the abilitied of the

educational system to meet these needs. The discovery of various tech-
nological aids places defini;ealimits to the goals of education,
Youngsters are prepayed for functioning in a technolqgical society and
in the process being lesk prepared to.rely on their own capabilities,
Development of sophis?ipa ed linguistig and ogical—;ét.‘ abili~

¢ ¢ \

, ties are given top ptiority wikle, in general, spatial, bodily-kinesthe- ,

tic, and other holistic foré: of knpwing receive only am incidental or

optional status, The domination of yerbal and logical—mafhematical abili—

3 4 ¥
ties in the present society consdders the acquisition ofgwvarious basic
. . .

skills (largely in shalytical abilitiés) the most important in the ed-
1y .
ucation of learners. The poiﬁt, however, is: Are we doing justice to

our young learners in terms of recognizing their needs and capab{lities?

« -

It is,well accepted that individuals are not all alike in i%fir cogni-
¥ ' ‘ '

tive potentials and, hence, an effedtive educational system would be one
, . 3 e, .
that is tailored to the capabilities and needs of the particular indivi-
- LERS '

éuals involved. §n fact, as Gardmer (15@3) rightly points qut, the cost
4

) »
"of trying to c%nsiqer all individuals the same or attemptipg to teach

Y . » L .
them ih ways not suited to their preferred modes of learning may be very
high in ‘the" 1%ng run; Hence, it is high time educators- tgke a break and

» 5 .

redefine their priorities for education, In order to redefine educat‘pn—
al objectives, a great deal of knowledge amaitable from brain rﬁaearch *
. . , r ‘ .

A} LY L.
literature, especially §$1it-braiﬁ, can be extremely usefuly There is
a growing need for educational .and medical pr?fessions to work in
L A ’

¢ ‘ ‘
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collaboration to achieve a common goal =~ "the development and mainte-

£

nance of a healthy brain and body" (Sylwester et al,, 1981).

Epstein's (1974a, b, 1978, 1979) discovery of brain growth spurts
related to the child's chromological age has impoétant implicationé for
education, Since mental growth is related to brain growth which occurs =
in "spurts" with in-between plateau periads, it is necessary to give
special attegtion to the fi&e stages of brain growth in the field‘of\edL 4
ucatioq. According to Epsfgin's theory, the brain growth periods are to
be utiliied fér presentation of new materialﬂ(related to Piaéet's €1969)™ "
cognitive stages bf development which corresponds to Epstein’s brain
growth stages) in learning, In other words, the content of the curricu-

lum should be matched to the cognitive level of the child, The plateau

-

periods on the other hand should be utilirzed for consolidatjon of materi-

als Iéarnmed in the previous growth period, Introducing learning materials
- [y

that "the child's brain is not ready to handle might place undue pressure
on him often leading to learning problems and even loss of interest, This

untimely burden may further lead to failures to deal with complex prob- ‘
& )

lems later when the child is equipped in terms of brain growth (neural

connections have developed), The es8ence of Epstein's theory is that .

during critical age periods, spurts of brain- growth occur that, in turnm,
: .

prepare the child for hanﬁling complex tasks related to his cognitive
B * Kh
. development. Each brain growth period then becomes extremely important

for each child's learning process, Hence, children°need to be. exposed .,

»

to new intellegtual challénges‘only during critical b¥*ain growth periods,

A The school plays the key role in helping the child to move from

-t & .

one éognitive‘g;age to another, It also directs him towards expanding - '

his scope of experiential knowledge., The main role of the teacher is

. i > ' i = A
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. : to find out the best method to reach:the child at 3 given age level,

. . This is dependent upon the cognitive level of the child, .Once the cog-
nitive level is determined through. analysis of results from a test that
emphasizes a.single niental behavio#r (like the one developed by Michael

‘ Schayet), the task is ;imply to present materials that match the reason-

ing level of the child. Or simply, by observing student behaviour, the

. . {
teacher can find out the reasoning level of the child and then'tailor

their presentation of leagning material accordingly. Tp sum up; the
| teacher's efforts combined with appropriate learning materials are cri-
tical to an optimum level of learning in~childrén.
! . wKnowledge gained about our cognitive:functions from spleLbrain re—
search has a lot to offer in the field of education. The cerebral cor-
tex which is the most’important part o} the humén brain consists of two

hemispheres (with identicﬁl control centers) mormally connected via a
t

large byndle .of nerve fibers known as the corpus callosum. In the normal

&
brain; the two hemispheres function in an integrated manner. However,

1

. with the disconnection of the corpus callosum, the individual is left

°

, " with so-called "two brains"., The split-brain operation.hés made a major

-

1E:)ntribution n investigating complex psychological functions in man.

Findings from split~brain operations led to the discovery of the major
~ ; - .

*  characteristics of the two hemispﬁeres. It is well established now that

-
-

. . the left hemisphere in normal right-handers is responsible for language

and 1ogig§1-ma£hematical abilities., The right hemisphere deals with
£ T .

visuospafial abilities, music and creative arts, This is the general

. ' " distinction, although there is no'clear-cut demarcation line between

»

R " the two. Higher psychological functions are carried out by a joint ac-

- . ﬁivity ofthe two hemispheres (Luria, 1966a, b), One basic difference

'

i
- * M .
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between the two lies in their mode of processing stimuli -~ the left
uses an analytic mode and the right uses a holistic mode for processing
stimuli. In other words, each individual brain possesses two modes of
processing information, ‘

The present edycational system is mainly a reflection of a left
hemispheric mode of processing stimuli, The éhph;Sis is on logical-
.mathematical abilities of the child. Words and symbols have special
significancg. Far too‘much emphasis is placed on information gathering
and much less on{the process of learning, More time 1s spent on memoriz-
ing the results of other individuals, thinking at the expense of theg
child's own process oﬁglearning. Concepts of "measurement' and 'objec-
tivity' are continuously eﬁphasized in dealing with Behaviour. Aﬁy data
that cannot be accommodated into the S-R parahigm are unquestionably re-~

jected, Measurement of intelligence or I,Q. test is very common in the
;chools. These I.Q. tests (usually consisting of a verbal ahd nonverbal
section) are again biased in that mofe emphasis is given to the verbal
test scores, Theagreatest disadvantage is that based on these I.Q,
scores, a child is jﬁdged‘and a gsrt of general impression is formed
which can be often misleading. Age/graée norms are emphasized, Teaching
for right answers 1g the generai rule which, in turn, promotes fear of
ignorance and an unhealthy guilt cemplex abb&t ignorance in the child.
The whole approach to teaching is thus a lopsided one (dominated by our
left-brain) in which the other partner (righgfbrain) remains silent -and
invisible, To~ put it in simple terms, only one ﬁaIf of the brain is be~
ing educated,

It is interesting to note that at lea& now we are ablt_a'to sense

v

that there is a lot of talk about the two modes of the brain, The

¢
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importance of both modes of experiencing the world is gaining popularity

all over tqp/;;rld. However, what has happéned is that two viewpoints

seem to have emerged. According to one viewpoint - the traditional
one - only the left hemispheric mode of perception is important and,
therefore, must be utilized in teathing. The other viewpoint (right

hemispheric) as Ketterihg (1979) puts it: ’ /

««+ demands that we emphasize the development of our
understanding of the "big picture" (using our holis-

tic abilities), that we provide.students with the op~
portunity to see how varigus ‘elements of a topic re-

late to each other, and that we provide kids with ex-
periential approaches to accomplish this =~ activit-

ies involving all of the senses, in other words, in- S
volving the total person or the "whcle child" (p. 33).

., The point, however, is that neither one is a comprehensive ap-

’

proach and falls on the extremes of the continum, A complete right hemi-
spheric approach would be equally disastrous in terms of educating just

half of the potentialitles existing within any individual brain. What

t

is needed, in general, is a balanced approach so that children can ope-
rate in both modes and function successfully in school and ultimatel§
in the broader spectrum of the society. They need both analytical ébilit—

ies as %ell as holistic abilities to develop their full potentiallties.

o_,' ¢

We now know that each individuél possesses two modes of processing gtim~

[

uli and that usually one is dominant. - Individials differ in their domi-

-~ R - *
- nance of mode, hence instruction employing only one mode of presentation ,

- v

might be suited for only one group Qf"individuais. In a sch;ol setting
where*some children may be left~mode dominant and some right~mod? domi-
nant, an entirely left-mode or right-mode oriented appr;ach‘may yéry‘well '
educate.oniy;haif of iﬁs learners. Moreover, the ;ther.half left out may

be labelled as "slow learners” or "problem kids" when the reality may be

- - N
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that these learners are not being reached because of the method of in-
struction that is inappropriate to their needs,

Hence, keeping in perspective’the duality of the brain not only in
terms of its functions but also in its mode of functioning, there is a
strong need for implementing a change in the educational system in the
schools., Since a great deal already is known about the left hemispheric
functions but not as much ab;ut the r;ght hemisphere, it ig just appro-
priate to point out some of the important features of the right hemi-
sphere that are not encouraged in education, Intultive imagination,
metaphoric thinking, music and creative arts fall within the right hemi-
sphere démain. Intuitive imagination has been found to contribute in
scientific inventions too, Yet it is not encouraged’in youngsters, Of-
ten, thinking in images is considered 'to be ’abﬁormal'.' Similarly, music
and creative arts are not given priority because these are not "academic
stuff”, In fgct, music and art classes might be good for relaxation
after "heavy~stuff" like maths and science. Also, childrencwho have a
feel for music o£ art may very well berefit a lot from those classes,
Now that we have achieved greater understanding of the capabilities
of the human brain, attempts can be made to educate the whole brain,

First of all, an awagreness of recent findings from brain research is
to be created among teachers, policy-makers as well as parents. Teacher
training pxograms could }nclude a brief course on this subject. It is
not to be implied here th&t they are expected t rn neuroscience, ra-
tﬁ;r a basic knowledge about the structure of the brain (cerebral cortex),
its course of development, its asymmetrical nature and its dual mode of
processing information would bg very helpful in dealing wigk chiquen

with varying degrees of orlentation towards left and right hemisphere

»
. . .
- N .
~
»

*

[ - s e e e e o et

L

oy s



-t

. . <269 -

- - N

functions, An .eleméntary knowledge of the dualistic feature of the
ﬁfgin is epsential for parents too fpr they-are the immediate influen~—

tial'figurgs br their children. Often, parents channel their chil-

13

dren's education from early years towards a ?rofession that they

think might be good-in the long run (both in terms of status in the so-

[ 2
ciety as well as in income). This, however, may be damaging to their

children if their interest and capabilities are not in iine,with their

ﬁéfents' aspirations.\ Hence, knowlng the mental capabilities @ their

children, parents might provide a conducive environment, Further, es-
N RS ’ /
tablishment of programs that introduce a holistic apptoach to tasks may

be useful experiénces for educators and parents, Drawing exercised de-~

signed by Edwards (1979), for example, can be interesting and uheful in
v
experiencing the shift frem the usual apalytical approach to a synthetic

global approach. This experience may lead to a better understanding of
a different approach to experiencing the world,

The next step~Would be to reexamine the existing curriculum in the

-

schools. It is not the content of the curriculum that needs to be re~~

* - - 1

vised, rather its process or method of implementiﬁé\QZf curruculum fhat
needs to be reconsidered (MacKinnon, 1981). The basic subjects of read-

ing, writing and maths as well as other subjects like social aﬁudies,
selence, physical education, art and music can still be part of t%F cur-

-

riculum, Only methods of teaching as well as learning nifd to be revis-

"ed. Priority has to be shifted from subject matter to "learners", It is

important that each learmer is being'reached out to in the classroom situa-

tion, Since individuals vary in thelr abilities and in their method of

comprehending and expressing, on1§ one method of teaching (the left-
' N .
brain approach) would never work, It is here that the teacher assumes

[N
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an important responsibility in being free to, some\degree in using their
own instructional methods in the classreom, Witﬁ\an awareness of the
two modes of learning, the teacher can incorporate

L3

tion that stimulate both dides of the brain, thus ]\eading children to

methods of instruc~

.

develop their full,mental potentialities, Not only\ that, uaing both
. ¥ hd ¥ : d f
modes would provide for equal .participation of all (i;hildren (left-hemi~

sphere dominant or right-hemisphere dominant) in the\ clasaroom. © In ad- <y

N ¥
L4 -

dition, each student would get # chance to atrengthen\ their weak abili—

-~

ties to' some' extent, . In g neral, studénts would incr%ase theif learning

experiences hy going beyon ghe limits of Verbal—ana,h;tical rationality. N

.

» * [

creage their ways of dealings with various complex task%. Seme activi-
ties like gports, art and music rgquirys an "intuitive fael? which is
In academic s&bjecta (lefe-

]
b‘in tasks) such as maghs and sclefice to'u require right4hemispheriu v v

beygnd the limits bf the left hemi.sphere.

o- "4
ability for achieving a better understanding. The mgjori;ty of creative
- . 4
inventions are resultswof an "intuitive 1eap" that ire later ana'lyzed
¥ - O -
into 1ogical steps for left-hemispheric understal;hiﬂg. Hence, right-

Kemispheric mode of processing has to be taken into Qount whlle pre~,

-

gsenting varidus suhject materials, ‘ .
Closelx 1inked with thfs balanced approach to teaching is the e th-

¢ -
L - L,

t. od’ of student evaluation. The "current method of eva’]:uation 1 general .

» .

is baae.d upon. the student 8 ability to deal with linxar and sequentiai

R

Most of tlie tests giveu’ are language domipated, they may".

&
evaluate only a section ‘of students who are lingui‘stically oriented
" '

, (Alef t :hemisphdre& .

N -
Therefore, nonlangtage—base& teswe are needed to .
v .

‘*/‘

" plve fqual' oppertunity to students wht' are -upcrior M thci;

Being"exposed to two dif'feaent ways of thinking, txtudents would in- 3
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» .

nonlingdistic abilities (right hemisphere mode dominant).'\}t just might
»

be true that many students are misju&ged due to ilnappropriate tests ad-
' .

. - ministerad for evaluation purposes, Buzan (1983) has emphasized the uge

%

of "mind maps" for recall and creative thinking. In simple terms, stu-
dents may be allowed to express themselves in a diagrammatic form that

uses less language but definitely includes all the facts, To sum up,
' }
the method of evaluation should concentrate on whether students have

understood the céﬁcepts or not regardless of their mode of expreseion,

3 . It appears well establighed now that learners or individuals differ
»* . i “

in their preference for processing information -~ either a left mode or '

. a right mode preference, ﬁence; a multimodal presentatioﬁ of curricu-

.

' lum materials would satisfy the néeds of all learners, The most simple

. R method then would at least ‘incarporate verbal (left hemisphere) as well . .
1 v "
,:‘ as visual (right hemisphere) stimulation, Verbal concepts can be pre- ' X
. ) » '\" R . . . .
{“ ’ C AR sented in the traditional manner (textbook materials) as well as supple-

~

*,

. mented by charts, maps, overhead transparencies and manipulable cbjects

gt

. to help qpildren visuélize verbal concepts, With'choice available, stu-

-

' ) ’dents could select their preferred mode in learning. hlso, it has been .
e ‘ ) .
4{?;:£1 ‘poted that a combination of verbal processes and imagery enhances learn- S
s 3 * 5 .
. .~ ing GWiftrock 1977). chever*{to avaid the extreme categories of 1eft

5 .
P ] A v
L :

< ‘mode 1earners or right mode 1eqrners, the' teacher can present Soﬂf ma-

.
5 iRt

+

'« s ] . .
. . - ' terials using.only one mode of presentafgop - wverbal or visual. Thus,
s . ‘. Lt 0T

a balance ca;n"be maintain‘egand at the s‘ame.time »students can get an '
» - t \ .

. AN opportunity'to devélop their nonhpreferked mode. Individﬁality as well

’ w i -~ 2n¥ i
A “ [

. . . ~-as some deg e of diversity needs to be encouraged in'eaeh learser for .

- L * ! L I N, " , * -
9 1 ne . v e
, N . _his total mentglfqevelopmeqp. ' T .

* - s
. . N . . h * - )

X ) . Aglgmpqrtént issue in teaching qoes not involve findimg out'the -
| . . Y 3 . r » . s g - .
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dominant mode of each learner, but rather the selection of different

modes of presentation that would increase interaction between the two

- s

hemispheres (Ewo‘modes of processing), At the same time, it is neces-
gary to determine beforehand what modes are stimulated by a particular
instruction material. This would further aid the teacher in planning
different lessons for various subjects,

Though it may be beneficial to match ?nstructional design Qith the
preferred mode of each learner for maximum learning, the initial step in
the hutgor's opinion would be towards utilizing a balanced approach to
teaching using both 'verbal and nonverbal modes. Individualizéd ingtruc-
tion at present seems premature, The bala;ced apprqpch can be utilized
in teaching any aubject; whether it 1s reading, science,’maths, geography
or history as given in detail in the preceding chapter, Subjects like
science and maths are taken for granted as‘béing left hemispheric tasks.

%

We have to break this concéptipn. Evidence from brain research has made

RS

it amply clear that there is a difference in thg_two hemispheres' fﬁnc;
tionsg more complex tasks require coordinated efforts of both hemispheres.,
Hence, both hemispheres need stimulation and training in education for op~
timal' learning, .

While utilizing both modes id teaching, it is at present impértant
‘to encourage right hemispheric characteristics of imagefy, métaphoric

thinking and creativity, Since the left hewmispherice mode is Ylready be~-

b

ing Stimﬁlated, the riﬁht hemiébheric mode needs éxtra_attentiqn to
achieve a balance, Once a balance hag been achieved, ;ﬁen equal gtten~

tion can be giveh ‘to both modes. In the meantime, let us hope that we. |
- ’ . - ! '
do not create "right brained ruta? in the next decade or so.

Cerebral asymmetry research findings have made a.valuable

-

LY g .
~ ~ g ¥ " »
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*

. .
e s Ml oIl (¢ BT 2 s e (N ——
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contribution in the field of education By providing scientific evidence .
for constructing a more diversigied curriculum that incorporates at least

two modes (verbal and visual-spatial) of présénting curriculum.material.

There 1is no need for a complete revision of %he contents -of the cuféicu-

lum, Development of both hemispheres is important in the field of educa-

tion to promote a more integrated holistic learning in all learners, both *

" male and female, The time has come for g&ving serious thought to imple«

menting a change in the rationale of the present curriculum and trainihg
-4 8 >

holistic individuals for tomorrow, We have trained sufficient "analytical” .

N .

persons, Finally the author would like to end with a concluding note by

»

Gardner (1983): B :
+»+ since some individuals [teachers and educators] . B .
will continue to assume responsibility for planning R

the lives of others, it seems preferable that their . -
efforts be framed by our growing knowledge of human '
minds (p. 393).

'

In conclusion, the author would like to remind.the reader that the
present thesis deals with only the neurophysiological findings related N
to higher cognitive abilities and attempts to draw th&fr implications
for education The findings indicate that only one 'left' Malf of tL .

brain is being emphasized in the schools. Here [ would like to point out .

»

. that enough studies have not been done to assess' the current practice of
teaching in the schools. This is degperately needed to implement changes

'in the curriculum- in light of the recent advances in split-brain research.

P
>

In light of the neurophysiologica% Egéis qf this thesis,rﬁé? author's vigw N ."‘
ﬂshq;}d nbt be iéferred'to favou£ a strict catexqrigéaion of qhiidren‘bn ‘_ ‘. ’
. c a ., -
a biological basis. My inténtioncis to'devise wéys for enhanéing‘tégnb-
tive capacities all, chiiéren possess, by creqting .an awarenesa among gduc;—

toxs of some of the long Lgnored capaeitiea of the otﬁer right' half of

. LN

ﬁha brain.

¥

v
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