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igohere wag In fact the dominant one for

iy

speechh wag only availlable from the results of neurocloglceal
lesions or neurosurgery.

It was also through the study of aphasia that the
nandedness~cerebral dominance theory was challenged. Penfield
and Roberts (1959) state that the left hemisphere is dominant
for speech regardless of handedness. Others (Goodglass &
guadfasel 1954, Brain 1964%) take a less extreme view -- that
there is no causal relationship between handedness and domin-
ance for speech ("brainedness") but that each develops indend-
ently. There are, however, strong tendencies for humans to
be right-handed and to develop speech dominance in tne left
cerebral hemisphere. Still others (Gillies, MacSweeney &
Zangwill 1960, Milner, DBranch & Rasmussen 1964) although not
denying that most dextrals (right-handers) and many sinistrals
(left-handers) have left-hemisphere speech dominance, maintain
that the right hemisphere 1s more likely to play a more imonort-

ant part in speech in people who are left-handed or ambidextrous.

There are an increasing number of authors (Goodsloss & quudfusel
1954, Heecuen & Pilercy 1954, Gillies et al 1040, Milncr 2t al
1944, Denton 1947, Bryden 1965) wio sugg that ot Tcooast zons
persons wiho are lelt-h o Lrong not have develore
ed the unsusl unilateral hemisphere specializoation and may be
"ambilateral™ to some degrece.

Tor many years information ws Lo the o
for speech could be obtulned only from the
surgery or focal broin lesions. Comewhab more con ve Tofnrre
ction can now be obtalned in such cages through thie vae ol thao
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usually produce a difference (Ximura 1963a, Palmer 1964a).
It is also possible to show little or no difference with the
dichnotic technicque 1f the material presented is not of a
sufficient level of difficulty (Kimura 1961).

Part of the confusion surrounding the concept of handed—
ness may have arisen from the custom of regarding it as a
’dichotomy of right versus left, or in some cases, as right
versus left and ambidextrous lumped together (Milner et al
1964), There are many who feel that it should be regarded
as a continuum or graded dimension (Goodglass & Quadfasel
1954, Harris 1957, Gillies et al 1960, Palmer 1964b). This
approach immediately raises the problem of classification or
measurement. The traditiocpal index, hand used for writing,
although still being used (e.g. Bryden 1964b) would seem to
serve only for a dichotomous concept. 4 slightly more complex
approach involves the relative skill of the two hands in a
stylus steadiness test (Simon 1964). Another method is the
questionéire Humphrey 1951, Crovitz & Zener 1962, Bryden
1965) on which the subject reports which hand he uses for
various common activities. Harris (1957, 1958) combined the
questionaire, skill, and other performance items into a short
test battery on the basis of which a judgment can be made as
to which of five handedness groups a subject belongs (viz.
strongly right-handed, moderately right-handed, mixed, moder-

T oar P N P . de g aTar 1 A e A
ately left-handed, or strongly left-handed).

"]

n oy vy Ea - ~ I £y A e -~ = T B
There are of course other aspects »of laterality besidos
handedness.  Ocular dominance was investlgated by Crovitz
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cars wal (1963u) feels is necessary Lo Le
the effect, Dryden also hwd some Sifficulty in explaining
some of hig resulls aund wdmitted to "the possibility of «
artifact" (Bryden PR
Thus, therec is as yet no veport ol a study replicating

the method, with which Kimura obtained the relationship
between the more efficlent ear and the dominant hemisphere
for speech, using normal subjects representing the full range
of the dextral-sinistral continuum.

If the old theory of cerebral dominance-handedness—
speech has any validity, the negative cases (right-brained
right~handers and left-brained left~handers) which have
been reported would have to be explained in terms of the
effects of the neuropathology, or perhaps these atypical
cases actually fall in the ambidextrous or mixed catagory
as to nandedness. The former seems unlikely in view of the
various group comparisons that have been made (e.g. Goodglass
& Guadfasel 195%) but the latter inviies investigation.

This present study will attempt to asses the relation-
ship between handedness and "earedness" using normal subjects.
By implication, if Ximura's findings are valid, it should also
provide some information on the relationship hetween handed-

ness and cerebral dominance for speech. The null hypothesis
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= B A 2 . [ S RN o S ED PR 5 R I BN o P v .2
to be tested ig therelore That ‘here 1s no systematic re-

lationship between handedness and earedness., If there is
a systematic relationship one would expect it to be such
that the strongly right-handed group would be strongly

right-eared, the strongly left-handed group strongly left-

eared with the intermediate handedness groups falling in

between these extremes on earedness as well,
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balanced for the two ears as were initial and final numbers.
Choice of series length and rate of ypresentation was made
with regard for Kimura's (1961) warning that rather difficult
material is necessary with normal subjects and Bryden's (1962)
findings that undergraduates correctly reported 65 per cent
under these conditions.

Unfortunately, it was found during the pilot study
that the sound reaching the two ears was not exactly equiva-
lent in volume or tone (the right appeured clearer) despite
changes in the controls of the tape recorder, In an effort
to balance the groups for this artifact, one-half of the &8s
in each group used the earphones in the normal position and
the other haelf used them reversed. This regtricted the
random choice of the experimental zroup from the larger
group of that handedness rating. In the three groups where

more subjects were obtained than were necessary, rfive Ss

in

were randomly selected from those who had used the earphones
in the normal position and five from those who used them
reversed.

All subjects were instructed to attend to both ears angd
to report everything that they heard in any order they wished.
Their total verbal reports were recorded by the experimenlter.
The number of digits from each ear that was correctly report-

ed was scored for each serles.
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CILAPTER II

The primary data of this study conslst of the nunmber
of correctly reported disits from each ear., The group means
for each car are presented graphically in Figure 1.

This data -- the number of correct responses from each
ear for each of the five handedness groups -- were subjected
to a two-way (5 X 2) analysis of variance according to th
method presented by Winer (1962) for sroups with unecual n.

Table 2 presents the results of this anzlysis.

Table 2

summary oi sAnalysis of Variance

Source o0 af S w
Fandedness Siv. 35 Ly 21,00 {1
Garedness 75008 1 750000 LLl.72%%
Interaction 547, 50 L 135,17 2,10%

P 0 A}
Error 5560, 20 ch 64,71
Total A055, 21 og
k% 2,005 = L. HO *13,10 = 2,04
T T

Table 2 showe that there was no significant difference
between the handedness groups on overall efficiency on the
dichotic listening test. There is, however, a significant

difference in overall efficiency bhetween the two ears.

13
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Referrul to Figure 1 makes it apparent that the Ss showed
overall superiority with the right ear in this study. The
interaction, although not reaching the usual accepted level
of significance, should not be completely ignored.

These results were then subjected to an analysis of
simple effects (Winer 1962) of earedness for each of the

handedness catagories. Table 3 presents a summary of this

analysis.
Table 3
Analysis of Variance for Simple Effects
Source SS af Ms F

Earedness for R group 438,68 1 438,68 6. 78*
Earedness for r group 699+ 24: 1 699424 10,81 **
Earedness for M group 138.80 1 138,80 2.1
Earedness for 1 group 2340k 1 23,04 <1
Earedness for L group 5.71 1 5.71 <1
Error 5565,28 86 6, 71
Note: group - strong right *5.05 - 3,96

group - moderate right **p,01 - 6.94

group -~ nixed
group moderate left
group = strong left

HeEs

From Table 3 it can be seen that the difference betvween
ears is not of the same magnitude for all of the handedness
catezories. Thus the moderate right and strong ri-ht groups
show significant differencecs between ears, but the mixed
and left-handed groups show no statistically significant

differences.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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As the interaction in the main analyses approached
significance, 1t was considered legitimate to break the data
into two, one-way analysis of variance (viz. one for each
ear) in order to assess any possible trends within the
handrdness groups and thus obtain the most clear-cut »nicture
of the results. The results ol these indepencdent analyses
are presented in Tahle 4,

Table 4 shows that even when taken separately the effect
of handedness on ear efficiency is not significant for either
ear., Nevertheless, there is a significant ascending linear
trend in the data from the right ear and a descending linear
trend approaching significance for the left ear. Thus, if
the strongly left-hancded group 1s considered as the low point
on a continuom of increasing right handedness, as people be=-
come more strongly right-handed the right ear increases in
efficiency in a linear manner and the left ear trends toward

a linear decrease in efficiency.

To test the possible correlation between handedness,
eyedness and footedness the Contingency Coefficient was
calculated as outlined by Siecel (1956). To meet the require-

ments for this test it was necessary to combine categories.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table -

-

Results of One-Way snalyses of Variance and Trend analyses

Source oo af M3

it o 0,
aigut Ear

Handecness 213.,7 it 3 H3 1.08
Linear Trend 20744 1 QPQ.%O L, DD%%
Residual ] 3 1.43 L

Error 213%.3 b 49, 63

Total 2340, C L7

Lelt Ear

ilandedness 31¢.7 o 07,93 1.23
Linesr Trend 271.3 1 271.2 3.30%
Residual 120, 4 3 4,13 <1

Errar 24§1.?6 13 79,061

Total 3751, 6& iy
**5.05 = 4,07 *¥5.10 = 2,84

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18
Tor each comparison, the strong rizht and moderate right
groups vere combined into a sin-le ~roup, with the mixed,
moderate left and stronz left combired into the second groun.
Thus three, two-by-two contingency tables were drawn up and
analyzed. Table 9 summarizes the results obtained., It
should be kept in mind while referring to Table 5 that the

maximum C (i.e. for a perfect correlation) on a two-by-two

o]

contingency table is .7C7.

Table 5

Contingency Coefficients

Between Chi Sqare c. Slgnificance
Fand & Eye 9.67 =13 LOL
Hand & Toot 17.C6 .512 ;OOl
Lye & Foot 18, 56 . 528 Neleat

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



On the basis of the five-by-two analysis of variance
of the main effects, the null nypothesis (i.e. no systematic
relationship between handedness and earedness) cannot be
rejected, despite the fact thut the interaction approaches
significance., The only significant main effect was the
difference between ears. However, on further examination
through the analysis of simple effects, the obtalined differ-
ences between ears annears to be mainly due to the marked
differences for the two right-handed groups. The mixed and
two left-handed groups do not show significant differences
between ears. This would seem to imply some differences
among the handedness groups in strength of earedness., Further
support for this conclusion is given by the trend analysis
which shows a significant linear relationship between the
efficiency of the right ear and handedness. This shows that
as the strensth of right-handedness increases so t2o does
right ear efficiency. an almost significant linear trend
was found for the left ear which shows a tendency for left
ear efficiency to decrease as strength of left handedness
decreases. This is, in fact, the type of relationshin pre-
dicted. These findings make it impossible to accept the null

hypothesis without reservation. It would anpear that the

19

P

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20
underlying linear relationsnip, particularly between handed-
ness and richt-earedness, was overshadowed on the other
analyses by wide within-~zroun variation.

The Contingency Coefflcients involving handedness,
eyedness and footedness show significant correlations for
all three combinations., TBecause of the different schema
used for decscribing and comparinc these aspects of lateral
dominance, it is difficult to compare these results with
those from other studies. 3unnort can be given to liumphrey's
(1951) findings in whnich 71 per cent of his stronsgly left-
handed group were also left-eyed. Ilevertheless the correl-
ation between hand and eye was the smallest of the three
computed. All three are highly sisnificant, however, waich
would seem to indicate a certain degree ol intra-individuasl
consistency. a4 larger scale study, v»ossibly including a
measure of individual earedness, would probably vield more
definitive information.

Bryden (1965) also found right-ear superiority for
right-handers but no sizgnificant difference between ears for
left-handers. However, his left-handed =rouvn showed greater
variablility than the right-handers which would not appear to
be the case in this study (standard deviations are shown in
ippendix 4).

The lack of difference hetween ears in the two left-
handed groups would be consistent with the theory advanced
by Hecaen & Piercy (1956), Milner et al (1944%) and Benton
(1965) which maintains that many left-handers have not

developed the same degree of henisnhere snecialization as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



21
the majority of right-handers have and are, to some extent
at least, "ambilateral™ for speech. In view of Ximura's
(1961) findings one would therefore expect these left-handed
groups to show little or no difference between ears, as they
did in the present study.

On the other hand, according to some authorities such
as Goodglass & fuadfasel (1954%) and Penfield & Roberts (1959),
many left-handers have left hemisphere speech representation.
Estimates of the proportion of such cases vary but the major-
ity fall in the 50 to 60 per cent range. If this is so then
there may have been ten or twelve of the 20 8s in the two
left-handed groups in this study who were "left-brained" for
speech and therefore, according to Ximura, right-eared. This
would tend to minimize the difference between ears for these
groups. By the same token, a much smaller proportion of the
right-handers (estimates of six to ten per cent have been
advanced) were probably left-eared. This would have a much
smaller effect on group means. Thus this theory could also
account for the obtalned results.

To decide between these two possibilities, a refinement
of the dichotic listening technigue used in this study would
be necessary so that the dominant ear for each individual
could be ascertained instead of dealing only with group means.
This would require more elaborate equipment so that the
equality of reproduction of both tracks of the tape could
be achieved, as well as a more precisely balanced stimulus

tape. It would also be desirable to obtain some measure of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



hearing for each ear for each subject and then to balance
the volume for the two ears accordingly.

Another less costly improvement micht be made in the
dichotic listening test., Within-group variation might be
decreased through the use of more practice at the beginning.
In this study, only two, 3-palr series were used for practice.
Observation of the subjects seemed Lo indicate that they
were unprepared for the first 5-pair series. The Ss seemed
to flounder and experiment with different methods of report-
ing ete. Only after the first three to five, S5-pair series
did most Ss appear to "settle down™ to a more consistent

performance. It might prove useful to use three to five,

w

S5-pair series as practice before beginnins testing.

-

In this study, the wmoderate right group emerged as

<,

deviant, at least for the left ear., The difficulty in ob-
taining subjects for this group was unfortunate., 4 slizht

modification »f Harris' scori

I

17 standards miocht serve to

exse the situation for future pnrojects. But it was not just
the smaller number of subjects which contributed to the
deviation o»f this group. Within this =roun was the most
extreme pair of ccores in the whole study. It was obtained
Irom a subject who bhecame very emotional during the dichotic
listening test. If this subject was dronped the mean for the
left ear for this group would bhe raised whlile that of the
right ear would be lowered slightly. Such action would als
destroy the balance of earphone position {zs discussed on

-y 3 b L S - o, o - e
pace 12) and further denleote the suall
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17, 2
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SUS

Exal
Les

Dichotic Listeuning

Sub. » Left IHarphonc
o, sex Hand Eyve oot Lar Position
b F 1 R M 46 42 normal
5 M M R R 18 b1 reversed

15 ® M r r 4O 14 normal
2k M M L 1 3k 31  reversed

29 M M R R Lo 17 normal
39 M M M R 20 27 norma
iy F M L L 35 19  normal
58 M M 1 L Lo 36  reversed
62 F M T M 29 32 reversed
63 F M R L 35 32 reversed
Mean 3,7 29,73

SRsY

Standard Deviation
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APPENDIX A (Cont'd)

Table 4

Individual Scores
Moderate Left-Handed Group

30

Harris Tests Dichotic Listening

Sub. Rizht Left DBarphone
No. Sex Hand Eye oot Ear Tar Position
6 F 1 L M 36 43 reversed
7 P 1 L L 31 17 normal
1L F 1 1 R 29 32 reversed
23 M 1 T JEA 20 11 normal
26 F 1 L R 26 33  normal
28 F 1 T R 40O 25 normal
33 M 1 L L 34 4O  normal
38 M 1 r R 33 35 reversed
L ! 1 1 M 28 35 reversed
50 M 1 R R Ly 38  reversed
Mean 33.1 30,6
Standard Deviation 5.2k 9.71
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APPENDIX 4 (Cont'd)

Table 5

Individual Scores
Strong Left-Handed Group

31

Harris Tests Dichotic Listening

Sub. Right Left  Earphone
No. sex Hand ye Foot Lar Bar Position

1 M L L L 23 Ll reversed
10 7 L L M 19 reversed
16 M L L M 33 30 normal
17 F L L M 2 3k reversed
29 i L L L Ly 41 reversed
30 o L T M 25 24 reversed
L1 M L M L 32 26 normal
L5 M L L M 37 21 normal
60 R L M It 36 25 normal
74 I3 L L L 32 37 normal
Mean 31.1 32.2
Standard Deviation 7.16  7.69
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APPENDIX B

NUMBERS USED 7OR DICHOTIC LISBTENING
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APPENDIX B
Table 1

Numbers used for Dichotic Listening

Series Ho, Track 1 Track 2
a 618 20k
b 852 636
1 39289 syl
2 26496 51357
3 16798 34252
L 53623 91614
5 65318 47929
6 92782 31536
7 51417 26698
& L5965 18732
9 G741 62965
10 34924 86157

With earphones in the normal position track 1
went to the right ear and track 2 to the left.
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THE HARRIS TESTS OF

LATERAL DOMINANCE
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2nd Edition
THE HARRIS TESTS OF LATERAL DOMINANCE

Record Blank

INAIIE. ctectreerirrieseecr it reseneteesnesasesaesatssnessnsssnsssbsesntontessrsnsssens Age.cneinens Date......oocvvrenrecnecnenn EXaminef....cccceeeeeecreerenneciaes

1. Knowledge of Left and Right

R hand............ L ear............ R eye...oen.. ' RATINGS
HAND DOMINANCE Test

2. Hand Preferences Rooerens % KNOWLEDGE OF LEFT AND RIGHT

.1 Throw a ball ... 1 . .

2 Wind a watch ..o - M

3 Hammer a nail ... Confused Hesitant Normal

4 Brushteeth .

5 Comb hait e HAND DOMINANCE

.6 Turn door knob ... . . . .

7 Hold eraser = ... L L M R R

8 Use sCissors ceceveeeene

9 Cut with knife ... 2 : : : :

A0 Write L L L M R R

3. Simultaneous Writing

No. of Reversals: 3
" Re | S L L M R R
Co-ordination better: ... 4 . . . .
4. Handwriting L L M R R
Time: Rooeeees L.
Co-otdination better: ... 5
5. Tapping L L M R R
Number: R......... Lo 6 . . . .
Co-ordination better: ... L T L M R R
6. Dealing Cards
Time: Roorrereene L. 7 : : : :
Co-ordination better: ... L L M R R
7. Strength of Grip (optional)
R....... L...... R........ L.... EYE DOMINANCE
EYE DOMINANCE : : : :

8. Monocular Tests L L M R R

.1 Kaleidoscope e 8

2 Telescope ...

3 Sight rifle L L M R R
Eye e 9 : : : :
Shoulder ... L L M R R

9. Binocular Tests 10 : : : :

A Cone: i e s L L M R R

2 Hole: .oeerees creevres e

10. Stereoscopic Tests (optional) FOOT DOMINANCE
1 Teleb: R........ % Lisee..% Supp?............ "
FOOT DOMINANCE T 3 v R Y
11.1 Kick
Pref............ Other............ Better............ 11.1 : : : :
11.2 Stamp L L M R R
Foot used............ 112
Family Background:
Conversion:

Qualitative Comments: UNIVERSITY OF WINDSOR LIBRARY
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