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Abstracf

The present study was based upon the following assumpgions: (1)
fanctioning of the brain's left hemisphere, because of fts logical,
verbal mode, facilitates conservation reasoning; {2} flnctioning of -
the brain's right hemisphere, because of its nonverbal}:épatlal ﬁode,
inhibits conservation reasoning{ (3) visual input from the left eye
wiil reach the left visual cortex before it reaches the right visual ]
cortex (presumably because the neural‘pathways are shorter from the -
left eye to the left visual cortex than from the left eye to the right -
visual cortex), thereby giving the 1aft hemisphere priority and vice
versa; and (h} eye dominance 1S caused by,hgmi§phere dominance. These
assumptt&ns ied to three Pred;;;% ns. - Aférﬁup of children who view

the conservation materials wi

’thelr left eye and are left eye domlinant
(LL) will demonstrate a greater frequ;ncy of conservation responses
‘than a group of children who view the Fnterialé with th;ir riéht eye

'aﬂd‘are righteye domina&t (RR): A group of children who view with théir
left eye and are right eye dominant (LR) and a group of chlldreﬁ/who
view with thefr right eye and are !efé eye dominant (RL), wil} &emon-
strate an Intermediate frequency of ;onservation responses. Four con-
.servation tasks, number, substaﬁce, continuous quantity and weight ‘
wére admini;tergd to kindergarten children (n=82). The predicted
sequence of LL>LR= R'L‘?Rﬂ'was found. ]_L. and RR.group dl fferences were

significant (2 = 2,01, p = .02}.




Hemispheric Domfnan&e, Conservation Reasoning, and the Dominant Eye

Recent brain reszarch has demonstrated that each of the brain's
hemispheres is specialized for d£fferent modes of processing information.
The mode of‘the left hemisphere, in most inﬁlvlduals, ils iogical, con-
vergent, and analg;fcal. It ts responsible for languag? and, in general,
processes information sequentially. The right hemisphere processes in~
formation in quite another way. [Its mode is holistic, intuitive, spatiél,
divergent, and analogical {Ornstein, 1972; Miler, 1971; Galen and Orn-
stein, 1972; Gassanigna, 1967). These different modes are not only
located in different sides of the brain, but depending upon the situation,
or probiem, one hemisphere or the other.ﬁay tend to dominate and control
' behavior'(Bogen, 1969 Levy, Treyarthen,'and Sperry, 1972; Nebes, 1971;
Seméss, 1968) . '

Lavwson and Kordland (1975) hypoth;size Ehpt Piéset's classical con-
se:vation tasks present individuals with s;tuatlons that plac; the two
- hemispheres of the braiﬁ in opposition .0 each other s0 that they, in
fact; compete for control! or dominance in dictating problem responses.
They suggest tha; correct conservation reasonfng ";equlres a logical-
verbal ‘operatlonal' response of the‘left hemisphere while nonconserva-
’tlon indicates a holistiz, spatialiy or perceptually-oriénted right
hemisphere response' (p. 512).  For example, according to Pascual-Leone
{in press}, a conSefvatién of weight reéponse ﬁight.be based upon the
logtcal-verbal coordination of the 'following schemes: (1) nothing has been
added to or taken away from thé clay ball that was flattened; (2) if nothing

1s added or taken away, then the amount Stays the same; (3} the clzy balls
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‘were originally equal in amount; and {4) equal amounts welgh the same.
. Therefore, th; welight is still the same. A nonconservation response might
_be based upon -a spatlally-briepted answer such as: ‘'that one looks
heavier, 30 it must bLe heavier'. Intellectual deve!opment, in the
PIagétian sense, can perhaps be viewed as a giradual I&crease in the :;rbal.
1ogicatl, and sequential information processing ability of :Pe left hemi-~
sphere, and its ability to dominate or take control from the right hemi-
spﬁere in situations that, inﬁfact, call for such reasoning ability. -
(ngson and ;ordland, 1975, p.‘SIZ).

In a different, but not unrelated field, researchers for many years
have attempted to relate right and left eye dOmlqancz to right and left
-braln hemispheric dominance. According to Wold {1968), orton {1928) was
the first to argue that the hemispheric dom[nan;e of an iIndividual could
be éetermined by his eye domi;ance. éavery (1947 a, 1947 b) also believed
that eye dominance was an indicator of hemispheric dominance. For example,
1f a person was right eye dominant, this wouldvkndlcate that the left
hemisphere was the dominant one for processing visual input. This right
eye association with the opposite hemisphere, the left hemisphere, was
as§umed since anatomical evidence clearly indicates that there is a
crossing over of nerve pathways'f;Om the right hemisphere to the left
side of the body and vice versa. . ‘

Herver, Stern {1954), Money. (1962), and Flax (1966) claim that the
concept of a dominant eye with a dominant hemisphere is anatomically
inconsistent. They point out that, although there is a crossing of the
oﬁtlc nerve {the optic chiasma), from the right eye to the left hemisphere
and from the left eye to the right hemisphere, the nerve pathways semi-

decussate, that is, they split and 9o to both hemispheres as shown in

I';igures 1 and 2. 5




Optic chiasma ‘!
©
t

Lateral Geniculate Nucleus
(enlarged disproportionately)

Visual Cortex ' o ]

Figure 1. A schematic representation of the anatomy of .he visual pathway

(ventrai view). Each eye sends neural jmpulses to both hemispheres; .
however, the pathways from the right eye to the right visual cortex

) - are shorter than thdse from the right eye to the left visua! cortex,
Likewise, the pathways from the left eye to the left visual cortex
are shorter than those from the left eye to the right visual cortex.

Figure 2. Nerve fiber distribution in the chiasm. The
nerve fibers that cross (i.e., those that connect
the right eye with left visual! cortex and those
that connect the left eye with the right visual
cortex) make loops at the chiasm before entering
the opposite nerves. This looping increases the
fiber lengths. The fibers that do not cross follow
divect routes through the chiasm.




This semi-decussation of the optic nerves:(as contrasted to the
complete decussation of the nerves of the arms and legs, etc.) confounds
attempts to relate eye dominance to hemisphere dom\in\ance.. A further
factor tﬁat has clouded t'he situation has been the ambiguity Surrounding
the meaning and measurement of ocular dominance. HalI;\(ISSI), over
twenty years ago, pointed out that there were thén at least 25 different
criteria for ocular dominance. To date, Ehen, the relationship between
hemispheric dominance and oculgr dominance is uncertain. .

2

The Present Hypotheses

We believe that the recent research concerning the different modes
of intellectual functioning of the two cerebral hemispheres,.and the
view of correct conservation reasoning requzring a left hemisphere
response, can be used to explain the relationship of eye dominance and
hemispheric dominance if one makes the foﬁowing assu'nptions-:

1. The right hemisphere (in right-handed individuals)* processes

informacion in a percéptual', holistic manner.

*The modes 6f the hemispheres may be switched to the opposite .
sides in some individuals. This is correlated with handedness so that
in about ten percent of left-handed individuals the right hemisphere
is the linear Ignguage containing hemisphere. This condition exists
in less than one percent of the right-handed individuals (Penfield

and Roberts, 1959).
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‘ 2. The left hemisphere {in right-handed individuals) processes in-

1

formation in a linear, logical, Sequentlal-manner.“
Conservation tasks present individuals with sit ét{qhs that place
the two hemispheres into competition for contrqi in processing
information and dictating rgsponSes;
Visual input from the rigﬁt eye travels to both ihe right aad

left visual cortex, however, Tt will reach the }Ight visual cortex
prior to réaéhing the left visual cortex because the optic nerves.
to that visual cortex are shorter than the ones that cross over

to the lef; visual cortex. Similarly, visaali input from the left
eye travels to bth the left ap? right - visual csrfex, however, it
yill reach the left visual cortex pr}ar to reaching Eﬁelrlght
visual cortex because the optic nerve connections to that visuai
cortex are shorter than the qpés that cross over to the right s
visual cortex. See Figures | and 2.

If vision is blocked in the left'gxg so that visual Input reaches
the right visual cortex before it reaches the left visual cortex,
the right spatially-oriented hemisphére will_be_more likeiy to

gain control over the left logically-oriented hemisphere to process
visual information and dictate a response. Similarly, if vision

Is blocked in the right eye so that visua! input reaches the left
visual cortex before it reaches the right visual cortex, the left
logically-oriented hemisphere will be more likely to gain control

over the right spatially-criented hemisphere to process visual

Input and dictate a response.




"

G.Q Individuals, for what are likely genetic. reasons, are predisposed
to ErOCeSS informatiOn»iﬁ the, right on left hemisphere. (n a'-
‘sense, they can be 6bnside:eé right or left hemisphere dominant
individuals (Sperry, 1975).

7. Eye dominance is caused by hemisphere dominance.: R]th*eye oo

" " dominance is caused by (ight hem?sphere dominqncé and teft eye
do&inance is caused by left hemisphere dominance Qr{ght eye -
dominance is not caused by left hemisphere dominaﬁce and left
eye domlnance is.pot caused by right hemfsphere dominance as ‘

° suspected by Ort0q,°L5very, and others).

Testing the Hypotheses

E)

In order to test the validity of the above assumptions, a series of
conservation tasks were administersd to a group of eighty=two children
who were randomly assigned to one of two cOnditibns. Children either
viewed the conservation materials with their right eye {left eye patched)
or they viewed the conservation materials with their left eye {right eye

patched). Of the children who viewed the materials with thelr right

eye, two subsequent groups were formed--right eye dominant children and

left eye dominant children. Of.thOSe that viewed the materials with .

their left eye, two similar groups were formed.

This led to the following predictions: {1) Of the four groups,

_ the group. that viewed the materiéls with the left eye and were left eye

dominant {LL) should demonstrate a higher frequency ¢f conservation re-

hY

sponses than the other three groups. This is because the left hgmisphefe




“(the logical, wverbal, sequengial hemisphere) presumably receives the
visual input firét, Fherehg giving it an advantage over the right hemi-
spﬁere, and in these children the left hemisph;re is presumably the
dominant cne. In other words, these.children tend to:process information

'in the left, logical, verbal hemisphere In the first place. {2) The
group that viewed the maferials with the right eye and are right eye -
doninant (RR) -should demonstrate a lower frequency ‘of coase#vatlon
responses,;ﬁhn the oﬁ‘ﬁr three groups. This is because the right
hemisphere {the spatial, holistic hemisphere)_presﬁmably receives the
visqgl input flrsg, thereby giving it an advantage over the left hemi-~
.sphere,‘@hd ‘it presumably is the dominant hemisphere. {3) The remaihing

.tub gr;ups {the Ieft'eye vision and right. eye dominant group {LR) and

'the.right eye vision and:left_eye dominant grouﬁ (RL) wfll'demonstrate
a similar frequency of conservation responses and this frequency will
Be i?tqrmediate to the LL aﬁd RR groups. Tﬁls is presumasly hecausqlin
the LR group the visual input will reach the left hemisphere first,
gherehy increasing the probablllty.of a conservation response. This
effect; however, will be partially cancelled becau;e in these.childrén
the right hemlsphere is the domlnant one and it may gain control even so.
In the AL group the visual Input presumably will reach the right hemf;phere
first, thereby decreasing the prohahillty of a conservation response.

This effect, however, will be partially cancelled because in these children

th? left' hemisphere is the dominant one and it may gain control even so.

10




Method o T
B

§ubjects D ,
Eighty-two right handed children (40 males and 42 females) whe

ranged in age from Shayears to 6.3 years, r=an age = 5.8 years, served

as subjects. The child;'gn were enrolled in klnder.gar'tel:l classes from

*

twa schools located in upper-middle’ class neighborhoods in the San

Francisco Bay _Area:

: ‘ ey

Procedure and Tasks

|

"The conservat ion task% administered t:ere conservation ;:)f. number,
‘sﬁi:étance,-cOn'tinuous quant;ty, and weight. Subjects were seatgd at a =
“Ftable with the conservationtmaterials directly in front of them. Prior :
to a_dministr%ticm "of‘ ;hé tasks a pair of plastic goggles, that had eit'hcf.r

I\ . o a4
the .right or l.eft-.lenl:oate'd with black paint, was fitted on the subject.

_‘l‘he gc:ggl'es a;lowed v wing of the conservation materials with th:equg_ﬁt .
or left eye only. . In order to'assign subjects “ra'ﬁdomly té one of the—"
two treatment grLups r(rlght or‘leﬂ; eye viewing), alphabe:ical!y ordered

class rosters w;:re o—b}t,ained and each name w.as' nwubel:ed comef:ut!vely.

A1) sthe/even numbered names formed one :treatment gl"oup while all t{'ne odd

numbered names formed the other treatment g_l.'pup. -

- 1

- .. f )
The tasks were individually administered in the order in which they

a

are listed below. All conservation questions were asked in a counter-

]

balanced order. Since each task has been employed by previous investiga-

. . + A
tors, only brief descriptions of the tasks-and materials used are Included.

For, weight (e.g., Elki}d, 1961), two'bal}s of claw} wére presented to

T mn




the subject. One ball was then transfarmed into a pancake shape.

For continuous quantity (e.g., Goldschmid, 1967) two identical
4 !

+

beakers (100-ml) were filled with equal amounts of‘wa;er The water
from one \Beaker was then poureo lnto a 50-m] pyrex graduated cyinnder
For substance {e.g., Elkind, 1961) two balis of c}ay were used.

<
One ball was transformed’into a 'hot dog' shape. . ',

1
.To measure number (e.g., Goldschmid, 1967) two rows of plastic poker
\ chips were placeﬁ’dﬁ’tha tasle. Eaéh row contained six Ch,ns-‘ One row
' was shortened By pusnlng the chips together while the othet row was
lengthened by spreading the chips apart. ‘ ‘
For subjects to ba judgad conservers they had to respond correctly to
" the consarvation questions and"offer valid explanations for their answers,
e.9., ldentity--they are the same because you did not add anything or
take anything-away} inve}sion.reversibi!lty--It is the same because you

c°u!d pour the* water back Into thq glass to the same level; reciprocity

reversibility--it is the same because it is shorter but it Is also wider.

One point was awarded for a conservation response. No points were awarded
 for a nnnCONServgtjon response.
On a separate occasion and subsequent to administration of the con-

n‘
servation tasks, subJects were interviewed again to determine whe<ker

they were right e;e dominant left eye dominant, or neither. 7 .nough )
there is some ambiagity regarding theiFrIteria for distinguishing the
domlnant eye, Walts (1951) proposed that the dominant eye:should be de-
fined as--th3t eve which one ascertains the direction of a point with

réference to the self. The most appropriate method to measure this with

"
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A

this age group was determined to be an al?@nment test similar to tti;j

* suggested Sy Lavery (1947 -a).

To determine the dominant eye, a pancil was heldfbﬁ the examiner

directly in front of himself and in front of the subjecf at a distance
of about one meter. The subject was told to align the\pencil with the

: | -
examiner's nose by directing him where to move his hand. The dominant

eye is the one that the subject uses to sight with. This eye, the

pefici 1, and the examiner's nose will be in direct alignment. it is

true that two images of the pencil are present under these conditions,

.degree of ocular dominance, the less likeljgghe subject is to observe

the second:image. However, if the subject éid note two i{mages and

consequently demaonstrated no clear ocular domlnancﬁ, he was removed
L3 - \‘ -

-Eroﬁ the sample. About 10% of the children originally tested showed

no clear ocular dominance.’

Results

Of the 82 subjects, 49 were right eye doq[nant and 33 were left eye
dominant (59.8% and 40.2%, respectively). ThesgiperCentages are similar
to those obtained by Rengstoff (1967) when he compared six different
samples, totaling 5,546 subjects in an age range of 5 to 75 years. Over-
all, he found 66% right eyed and 34% left eyed. These percentages did
not vary s{gnificantly with age.

Frequencies and ;;rcentages of conservatign responses given on the

four conservation tasks for each of the four groups of subjects are

13
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shown in Table 1. As predicted‘the LL Qroup demonstrated a higher
percentage 5} conservation responses than the RR group on each con-
servation task. The'HannTUhlfney U test {Siegel, 1956)|was used to
analyze group differences for significance. For all aq?lyses,subjects
were ranked on the basi:';f total number of correct conservation re-
sponses given on all four tasks. Possible scores ranged from zero
. é&é}ect to four cor;ect. The LL Zroup demonstrated slgnlficant]y more
coﬁservatiOn responsés than the RR group (2 = 2.6!; p = .02)

insert Table 1

;bout he}e

As predicted the LR and RL groups generally demonstrated a lellar
¥
level of success on the tasks. Group differences were not significant/

(2 = .22, p= .41). Also as predicted, the LR and RL groups demonstrated

a lower percentage of cgnservation responses than the LL group. The
‘only exception occurred on the conservation of substance task where‘the
RL group had a slightly higher percentage of conservation responses

(RL = 52.9%, LL = 43.8%). The Kann-Whitney U test was used to test the
significance of group differences between the LL group and the combined
-LB and RL groups. The obtalned z of 1.22 failed to reach slgnificance
(p = .11). \ | )} _

On all but one task,ithe conservatign of welght task, the RR group

demonstrated lower percentages of conservation responses than the other

three groups. Group differences between the RR group and the combined

14
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;LR and RL groups were also analyzed for significance using the Mann~

Whitney | test. The obtained z of 1.03 failed to reach significance

(p = .15).

——

Discussion .

°‘J'tltl'u:mgl'n minor discrepancies occurred, the predi~ted trend of

!

LL> LR= RL>RR was found, therefore, the hypothesized relationships

among hemisphere dominance, conservation reasoning, and eye dominance
-

—

have been corroborated. Additional support for the hypothesis of inter-

. hemispheric differences in problem solving comes from the work of Golding,

Reich, and Wason (Ié}iff_—f;éy assumed that input from the Tright hand is—

predominantly process: . by the ieft hemisphere and Input from the left
hand‘ls predominantly proceséed by the right hemisphere. |In their study,
collegg students attempted a tactile ;ersion of a deductive logic problem
{the Wason 4-Card Problem, Ha50n£[1966]) using concealed wogden blocks.
Subjécts who gained input about the blocks with their right hand (left

hemi sphere) performed better than those who gained input from their left

" hand (right hemisphere). Their results, as well as the results of the

present study, suggest that, not only does the left hemisphere facilitate

"

performance, but the right hemisphere inhibits it. Pribram (1971) offers

an Interesting hypothesis concering how this might occur. He Suggests

‘that the corpus callosum (the neural fibers connecting the right and

]eft'brain'hemispheres) may functioh to suppress activity in the opposite

hemisphere. Pribram states: ' |
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se.perhaps the connections, rather than
functioning to assoclate, tend to separate
through suppression the various parts of
cerebral mantle. Clinical documentation
shows that during simultaneous excltation
of two poin}s on receptor surfaces, on;
point dominates, while the other is sup- i
pressed (Teuber and Bender, 1951) T°; the
”hfpothesls tﬁat is suggested staggs that
é&rtlca] d;minance Is due to a gimllar
inhlbitory suppresslve mechanié% {pp. 362~
B %0, |

* Although Jittle is known about how such a suppreés!ou m;;ﬂénism_ﬁiaﬁf““'”“

uoré, thl§1hypothesis ssems consistent with our resulis.

To-relﬁerate, the finding that left eye vision and left eye dominant
!ndlzldualsi(LL) performed s!éniflcantly better on conservation tasks
than right ;ye vision and rlght eye dominant individuals {RR) is con-
slstent with the Lawson and Nordland (1975) view, that intellectual
development, in the Piagetian fense,.ls largely a function of the left
hemisphere's verbal and Vinear functlonlng and its ability to dominate
the right hemisphere's more spatfal and'holist}c made of operation. The
hypothesis advanced by Languis (1975), that Piagetian operatlons are
right hemisphere functions, only subsequently transferred to thg left
hemisphere.for verbalization, is not compatible with these results. Any

final judgment of this issuve now, however, would be premature.

L]
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To our knowledge this is the first time ocular dominance has been
related to intellectual development. Previous investigations {e. g R
Grave, 1957; Markow, 1963; Wold, 1968; ﬁengstorff 1968’ have focUSed
primarily on mixed hand and eye dOminancy and its possible relationship
%o writing, reading, and speaking dif%lculties. To datfa-these-studieS' —=
are ipconciusive. Although the present study does not aédress itself
to the mixed doqfnancy issue, it doeg raise the possibility of differences
between right and left eye aominant persons and general verbal abilities

and certain cognitive styles such as field independence and field dependence.
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Table 1

Frequency and Percentage of Conservation Responses for Each Group on

Each Conservation Task

Conservation Tasksb i
. "y - , = L Combined
Group Num. Sub. Cont. - Wgt. Tasks

(81.3) {43.8) (43.8) (3’1 .3) (50.0)

Lt
o 13716 7716 7/16 5716 3?/6h;

. (47.6)  (38.1)  (42.9)  (23.8) ° (38.1)

' 10/21 8/21 9/21 5/21 32/84

N W) (52:9)  (9.8)  (11.8)  (35.3)

| 817 a7 507 27 - 2u/68

T T e 5.0 5.0 (W3) . 1)

13/28  7/28 728 . 4/28 /112

‘LLi' left eye vision and left eye dominant, LR = left eye vision and

rlght eye dominant, Rl = right eye vision and left eye dominant, RR =
right eye vision and righ! eye dominant. .
- !
bHumu = conservation of number, Subt = -conservation of substance, Cont. =

conservation of continuous quantity, Wgt. = conservation of weight.

18
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