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ABSTRACT

Neuroanatomical Asymmetry, Handedness, and Family History of
Handedness: A Study of the Markers of Structural

and Functional Lateralization

By

Steven A. Lifson, Doctor of Philosophy

Utah State University, 1989

Major Professor: Dr. Damian McShane
Department. Psychology

This study investigated the associations between (1) handedness
(demonstrated preference of one hand for the performance of most
unimanual tasks) and neuroanatomical asymmetry (measurable
differences in width between the cerebral hemispheres) and (2)
familial history of handedness (the presence of a left-handed sibling
or parent of a right-handed subject) as an intervening factor in the
relation between handedness and neuroanatomical asymmetry. Width
measurements of the brain were derived from computerized
tomographic (CT) films and grouped into categories by hand
preference (measured by the Edinburgh Handedness Inventory) and
family history. The measurements of right (n=68), right with left—
handed relatives (n=24), and left-handed (n=16) groups were then
compared by width and other transformations of the brain

measurements. Subjects were adults of both sexes who had been



xXi

referred for neurologic examination and were diagnosed as free of
major distorting brain pathology. Hemispheric widths were compared
by group, as ratios {left+right) and as differences (left-right).

Analysis of variance revealed significant differences between
right-hemisphere widths at three percentages of brain length in the
posterior occipital and temporal-parietal portion of the right
hemisphere. The two right-handed groups had significantly smaller
right-hemisphere measurements than the left group at 80% (p= .03},
75% (p= .012), and 60% (p= .029) of brain length. There were no
significant left-hemisphere differences between the groups. In terms
of ratios of sides and differences between sides in the same brain
region, the left-handed group was different from the right-handed
group at the p< .05 level at 80%, 75%, 67%, and 60% of brain length.
The family history variable did not distinguish the two right-handed
groups from each other. Overall, the right-handers had wider
posterior-left hemispheres, left-handers had the same-sized left
hemisphere as the right-handers, but the posterior-right hemisphere
of the left-handers was bigger than that of the right-handers. The
relatively larger right hemisphere of the left-handers made the
brains of these subjects appear more symmetrical.

Handedness appears to be moderately associated with
neuroanatomical asymmetry. The differences in sizes of brain
structures and their relation to functionally lateralized abilities may
shed light on the processes by which each hemisphere becomes
specialized to perform specific tasks and other aspects of individual

differences.
(198 pages)



CHAPTER 1

INTROCDUCTION

Perhaps the obserwvations that launched the scientific study of
hemispheric specialization were made by independently working
French physicians Dax (1836) and Broca (1861). Both concluded that
aphasia is associated with damage to the left hemisphere of the brain
due to the presence of right hemiplegia and postmortem findings of
lesions on the left side of the brain (Springer & Deutsch, 1985). Broca
proposed the rule of thumb that the hemisphere opposite the
preferred hand is dominant for speech. This was the first link made
between functional lateralization (as opposed to neuroanatomical
asymmetry) in the brain and hand preference.

Broca’s rule for lateral dominance for speech was challenged by
the observations of Hughlings Jackson, who noted a case of aphasia
with left hemiplegia (Corballis, 1983). By 1899 (Bramwell, 1899, cited
in Galaburda, LeMay, Kemper, & Geschwind, 1978) the term crossed
aphasia was being used to describe cases in which dominance for
speech seemed to depart from the hemisphere—-opposite-preferred-
hand rule.

With Broca’s rule proving faulty, it became important to
determine the distribution of hemispheric lateralization for speech. A
more recent estimate of speech lateralization, made with the Wada
test (a process whereby one hemisphere at a time is anesthetized
while the patient is questioned), produced the finding that fully 70%
of all left-handers seem to be left dominant for speech compared with

right-handers, more than 95% of whom appear to have left-



hemisphere representation for that ability (Corballis, 1983). Studies of
patients receiving electro-convulsive therapy (ECT) where the
application of the shock is unilateral (a widely used variant of this
treatment that seems to reduce memory loss) have produced similar
results (Corballis, 1983). These studies suggest left-hemisphere
dominance for speech regardless of preferred hand.

Functional lateralization for speech became accepted relatively
early. In contrast, structural asymmetry was assumed to be
random, minor, and inconsequential (von Bonin, 1962, cited in
Galaburda et. al., 1978). Functional lateralization for speech was not
believed to have an anatomical basis, and the findings of earlier
researchers (Eberstaller, 1884; and Cunningham, 1892 cited in
Galaburda et. al., 1978) were ignored. However, Geschwind and
Levitsky (1968) found 65% of their sample of brainé examined
postmortem to have larger planum temporales in the left hemisphere.
This site, an area on the upper surface of the temporal lobe located
within Wernickes area, was found to be larger on the right in 11% of
the cases, equal in size in both hemispheres in 24% of the cases, and
larger on the left in 65%. Geschwind and Galaburda (1984) noted that
the percentage of brains with larger planum temporales on the left
side seems far too low, considering functional lateralization findings
of the Wada test and ECT studies cited earlier, if one is trying to
make an association between the functional lateralization of speech
and anatomical asymmetry. The latter studies suggest overwhelming
left-hemisphere dominance for speech. However, Luria (1970)

observed that while nearly all patients with penetrating wounds in



the speech areas are aphasic at the outset, 30% show good recovery in
a year. This group contains a high proportion of left-handers and
right-handers with left-handed relatives. Galaburda and Geschwind
(1984) suggested that the 35% with larger right planum temporales or
bilateral equality may constitute this group, a group with anomalous
lateralization for speech. The structural evidence, then, might
suggest to some that the number of people with anomalous
lateralization for speech may be much larger than previously

thought.

Problem Statement

Beginning with the observations of Dax and Broca on aphasiacs
(Springer & Deutsch, 1985), it has been known that the human brain
is functionally lateralized for abilities ranging from speech to spatial
perception. Despite the acceptance of functional lateralization,
neuroanatomical symmetry of the brain was an assumed fact until
as late as the 1960s (Galaburda et. al., 1978). Geschwind and
Levitsky’s (1968) finding of a marked neuroanatomical asymmetry in
the region of the planum temporale (an area connected with the
production and comprehension of speech) stimulated renewed inquiry
into anatomical correlates of functional lateralization.

The issue of the relation between neuroanatomical asymrmetry
and functional lateralization achieved new importance when research
appeared that suggested that these traits are not characteristic of
human brains alone. Recent studies (Glick, 1985) have found evidence
of functionally lateralized abilities that relate to many aspects of

behavior in nonhuman species. Furthermore, data from animal



studies suggest that there may be relations between age, gender, and
anatomical asymmetries in the brain (Diamond, 1984, 1987). The
accumulation of evidence suggests that neuroanatomical asymmetry
and functional lateralization in the brain may be the rule rather
than the exception across species (Galaburda et. al., 1978; Geschwind
& Galaburda, 1984, 1985a).

Differences in individual hand preference in humans have long
been associated with other more subtle differences in performance
and ability. In humans, handedness is associated with differing
degrees of functional lateralization. Left-handers are less functionally
lateralized in abilities on the whole (Hicks & Kinsbourne, 1978). In
addition, left-handedness is associated with higher proportions of
reading problems, learning disabilities, immunological disorders,
migraine, an improved prognosis of recovery from aphasia, and
certain kinds of talents (Bradshaw & Nettleton, 1983; Geschwind &
Galaburda, 1984; Luria, 1970; Satz, 1980).

LeMay and her associates (LeMay 1976; 1977; LeMay & Culebras,
1972; LeMavy & Kido, 1978; Hochberg & LeMay, 1974) suggested that
handedness may be one expression of significant differences in the
neurocanatomical organization of the brain. LeMay (1977) found
evidence for “counter-clockwise torque” in the brains of right-
handers; that is, the right frontal lobe tends to be wider than the
left, and the left occipital lobe tends to be wider than the right.
(Torque refers to a visual image of how the brain would look if it
had been spun in a particular direction and the material of which

the hemispheres is composed had flowed slightly along the plane of



rotation.) This pattern was not found in left-handers, who are more
symmetrical on the whole with a small trend toward torque in the
opposite (clockwise) direction. Although insufficient data are
available, sinistrals with sinistral first-degree relatives seem to form
a different group from nonfamilial sinistrals. Chui and Damasio
(1980) and Deuel and Moran (1980) reported similar directions of
asymmetry in the brains of their subjects, but these asymmetries
were not in high enough proportions to significantly correlate with
handedness. Both of these studies concluded that dextrals and
nondextrals are not distinguished by specific patterns of
neuroanatomical asymmetry. Deuel and Moran (1980) specifically
questioned any attempt to relate developmental learning disorders to
reversal of cerebral asymmetries (e.g., Hier, LeMay, & Rosenberger,
1978, who attempted to relate such reversals to developmental
disorders like dyslexia). Considering the lack of standardization of
methodology in the three studies, drawing definitive conclusions is
premature.

A number of problems in the studies carried out by LeMay (1977),
Chui and Damasio (1980), and Deuel and Moran (1980) prevent
conclusive interpretation of their findings. First, the methodology is
not standardized. Deuel and Moran did not explicitly describe how
their brains were measured. Chui and Damasio took two
measurements on the anterior-posterior (AP) line drawn through the
anterior falx, septum pelucidum, and pineal gland. Perpendiculars
were drawn from the AP line to the inner table of the skull at 16%
and 90% of the AP length. It is possible that this measurement method

was not sufficiently sensitive to the neuroanatomical asymmetries it



was meant to detect, due to the limited number of measurement
points, and therefore resulted in too many false-negative findings.

Second, relevant sample variables were not studied. Deuel and
Moran did not report on family history of handedness, and LeMay
(1977) lacked sufficient data to properly study this aspect. As a rule,
the subjects in these studies had higher rates of medical problems, a
consequence of recruiting hospital patients as subjects and a potential
threat to internal and external validity (Filskov & Locklear, 1982).
Deuel and Moran (1980) reported that 71% of their sample may have
had seizure disorders, a factor that may have influenced their
findings. Other researchers in this area (McRae, Branch, & Milner,
1968) have noted that individuals with seizure disorders may differ
significantly in the neurocanatomical symmetry dimension from
individuals lacking that characteristic.

Finally, the ethnic make-up of study samples has not generally
been reported. As McShane and Willenbring (1984) and McShane,
Risse, and Rubens (1984) found, this variable may be significant.
Preliminary evidence that there are ethnic variations in
neuroanatomical asymmetry (McShane & Willenbring, 1984; McShane,
1983; McShane et al., 1984) indicates a need for the delineation of the
influence of this variable as well. In addition, alcocholism may
influence the degree of neuroanatomical asymmetry (McShane &
Willenbring, 1984). If the effects of gender, handedness, and ethnicity
are not accounted for, the study of neurocanatomical asymmetry in
the brain and its relation to functional lateralization may be

confounded by these variables.



Rationale

In a series of recent articles, Geschwind and Galaburda (1985a, b,
c) proposed a theory of the biological mechanisms of functional
lateralization and neuroanatomical asymmetry. This theory attempts
to tie functionally lateralized abilities to neuroanatomical asymmetry
and to explain the greater frequencies of developmental disorders of
language, speech, cognition, and emotion in males. The theory also
attempts to explain the greater prevalence of these same disorders in
left-handers. Central to the theory is the idea that factors that
disrupt the assumption of certain abilities by the left hemisphere
result in a group with anomalous dominance. The term anomalous
dominance refers to a group that, in functionally lateralized and
neuroanatomical characteristics, differs from the majority pattern.
The need for the present study lies in the failure of previous studies
to decisively establish a connection or the lack of one between
handedness and anomalous patterns of neuroanatomical asymmetry.
The identification of a neuroanatomically anomalous group that
includes, but is not restricted to, left-handers would extend the
findings of other investigators and relate more directly to the

suggested theoretical framework.



CHAPTER 1II

REVIEW OF THE LITERATURE

Introduction

The purpose of this section is to support the need for this study.
Neuroanatomical asymmetry and functional lateralization research in
animals and humans is reviewed in an attempt to illustrate the
pervasiveness of these two phenomena across functions and
structures.

The characteristic of handedness in humans is discussed in some
detail along with the uncertainties involved in measuring it.
Attention is also paid to methods used to measure brains in prewvious

studies.

Animal Studies

Neuroanatomical asymmetry and functional lateralization have
recently been studied in nonhuman species. Diamond (1984; 1987)
found significant differences in neuroanatomical asymmetry between
male and female rats. These differences were found on cortical and
subcortical levels. Female rats tend to have a far greater degree of
symmetry in the paired neurocanatomical structures than the males.
Neuroanatomical asymmetries have also been found in various
species of fish, reptiles, and amphibians (Geschwind & Galaburda,
1984). LeMay and Geschwind (1975, cited in LeMay, 1985) found that
the chimpanzees in their sample had longer, straighter Sylvian

fissures on the left in a significant number of cases. LeMay (1985)



found right frontal petalia in 62%, left frontal petalia in 25%, and
equality in 15% of her sample of gorillas. Similar results were found
in chimpanzees. Evidence for neuroanatomical asymmetry in New-
and Old-World monkeys is not as strong (LeMay, 1985).

Functional lateralization in many species of birds has been
strongly suggested by the work of Nottebohm and Nottebohm (1976).
Nottebohm and others have found evidence for unilateral control of
the paired singing organs in the canary and other passerine birds.
Collins (1985) reported that degree of lateralization (as reflected in
“pawedness”) in mice can be influenced by selective breeding. While
the basic proportion of rats preferring a given paw does not change
(remaining 50% right/left preference); the degree, consistency, and
strength of the preference is strongly influenced by selective
breeding. The work of Collins has influenced some (Bryden, 1982,1987)
to propose that it is strength of handedness (lateral preference) that
is inherited, not direction. Denenburg (1981) reported evidence for
right functional lateralization for spatial function and emotion in
rats. More controversial is the evidence for functional lateralization
in rhesus monkeys (Hamilton, 1977; Denenburg, 1981; Springer &
Deutsch, 1985). However, MacNeilage (1987) reviewed and
reinterpreted previous research and gave new evidence of population-
level lateral preferences in higher primates for left-hand prehension
with a complementary postural specialization for right-side limbs.

These findings strongly suggest that asymmetry in structure and
function is not characteristic of humans alone. Functional
lateralization and neuroanatomical asymmetry may in fact be

fundamental characteristics across species. The significance of these
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pervasive phenomena is not yet understood.
Neurocanatomical Asvmmetry

One of the most important of the studies related to the search for
anatomical correlates to functional asymmetry is Geschwind and
Levitsky’s (1968) finding of a longer left planum temporale in the
majority of the brains examined (See Table 1 for a summary of some
of the relevant research on neuroanatomical asymmetry). The study
does not report the impact of handedness on this finding due to a lack
of handedness data for the subjects. McRae, Branch, and Milner
(1968) studied the pneumoencephalograms of 100 neurological patients
whose handedness was known. Of the right-handed group, 60% had
longer left occipital horns, 30% had equal occipital horns, and 10% had
horns that were longer on the right. Unfortunately, there were too
few sinistrals for meaningful analysis. LeMay and Culebras (1972)
and Hochberg and LeMay (1974) found right-left hemisphere
differences in vascularization that had a significant relation to the
handedness of the subjects. In a dextral group (106 subjects), 67% had
more sharply angled arches formed by the branches of the middle
cerébral artery in the left hemisphere, 25.4% had equally angled
arches in both hemispheres, and about 7.5% had arches that were
angled more sharply on the right. In the sinistral group (28 subjects)
21%Z had more sharply angled arches in the left hemisphere, 71% had
equally angled arches in both hemispheres, and 7.1% had more
sharply angled branches in the right hemisphere. The vascular

differences found have an impact on the length and configuration of
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Table 1
u 0 rai
Author, Structure Right hand Left hand * Right, Left

Frontal Lobe
LeMay '77
LeMay & Kido ‘78
McShane
& Willenbring ‘84
Chui & Damasio '80

LeMay '77

LeMay & Kido ‘78

Chui & Damasio ‘80

McShane

& Willenbring ‘84
Planum Temporale

Geschwind

& Levitsky '68

Wada, Clarke,

Hamm 75

Wada et al. ‘7%

Witelson & Pallie ' 73

Le h/Angle of Svilvian Fissure
9

LeMay & Culebras '72
Hochberg & LeMay '74
Ratcliff et al. ‘80

Occipital H
McRae et al. ‘68
Strauss & Fitz 'S80

Bulbar Pvramids

Kertesz &
Geschwind “71

L>R L=R R>L

19
12
14

66
71
60
68

65

82

56

69

5
T
21

60

73

20
24
46

56

24
20
20
22

24

32

26
21

30
44

10

61
58
40

36

i

20
11

11

10

12

ol

86
67
58

10
17

17

[>R L=R R>L

26.6 33 40 120, 124
30 34 35 80, 85
No handedness data taken

16 56 28 50, 25
36 42 26 120, 124
34 34 32 80, 85
4 36 20 50, 25

No handedness data taken

No handedness data 100

No handedness 100 adults

No handedness 100 infants
No handedness 14 adults

11 72 17 44, 18

7 71 22 100, 28
15 35 50 38, 20
38 31 31 87, 13
No handedness data 75

86 0 14 123, 7
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the Sylwvian fissure. Basically, dextrals had a mean angulation
difference between the left and right Sylvian point angles of 23.5
degrees, with the left fissure being longer and more horizontal (the
posterior endpoint was lower). In contrast, sinistrals had much
smaller mean angulation differences between the right and left
Sylvian points. In the sinistral group the mean angulation difference
between left and right Sylvian points was 6.6 degrees. Thus, the left-
handed subjects showed a greater tendency toward symmetry than
the right-handed group. In the actual breakdown of measurements in
the left-handed sample, 20 of 28 brains had points of equal height, ¢
had a higher right point (the dextral pattern), and 2 had a higher
left Sylvian point. This study illustrates the obserwvation that
neuroanatomical asymmetries present in right-handers are less
marked in left-handers. Left-handers seem to be more symmetrical
in their neuroanatomical organization.

LeMavy (1977) observed what she described as torque in
neuroanatomical features of the brain via computerized tomography
(CT scans). She studied axial scans of 120 dextral and 124 sinistral
patients and measured the indentations (petalia) on the inner table of
the skull at the frontal and occipital poles. LeMay found that 61% of
the right-handers had wider right frontal lobes; 19% had wider left
frontal lobes. At the occipital pole, 66% had wider left occipital lobes,
and 11% had wider right occipital lobes. Forty percent of the sinistral
subjects had wider right frontal regions, and 26.6% had wider left
frontal regions. In the occipital region, 36% had wider right lobes.

LeMay noted that left-handers who lacked left-handed first-degree
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relatives tended to hawve brains with the same percentages of
asymmetry as the brains of right-handers, although insufficient
numbers of these subjects were available for meaningful analysis.
Other researchers (Deuel & Moran, 1980; Chui & Damasio, 1980) have
found similar proportions of asymmetries with similar (but not
identical) methods but have not found significant relations between
handedness and neuroanatomical asymmetries.

Witelson and Kigar (1987a, 1987b) provided extensive evidence of
significant differences in the sizes of the corpus callosa between
right- and mixed-handers. In the same studies, gender was also
addressed as a factor in callosal size but was found to be “neither
marked nor reliable” (1987a, pg. 490). Witelson and Kigar did not
attempt to associate the finding of an enlarged corpus callosum with
specific functional lateralization differences between right- and
mixed-handed subjects. They also stated that they did not know
whether the increased dimension of the callosal pathway in mixed-
handers is due to a greater number of fibers or some other
characteristic (such as thicker myelin sheaths). among the
interesting implications of the findings of Witelson and Kigar is that
left- and mixed-handed individuals may have greater “traffic” in
neural communication between the hemispheres. The size difference
in the callosum is especially marked in the posterior part of the body
of the callosum. The authors reported that this area is associated
with transmission between areas of the brain known to be involved
in mediating cognitive functions that have lateralized representation.
No studies relate the corpus callosum findings with other known

asymmetries associated with the handedness variable,
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Functional Lateralization

Handedness

Handedness is one of the most striking examples of a functionally
lateralized ability. Asymmetrical hand preference, by direct and
indirect evidence, is a human characteristic across groups and across
the history of the species (Hicks & Kinsbourne, 1978; Springer &
Deutsch, 1985; Corballis, 1983; Coren & Porac, 1977). The percentage of
the population that prefers to use the right hand for skilled activities
(dextrals) is about 90%, varying to an extent with the method used
for assessment. The incidence of left-handedness has been estimated
to range from 2-12% of a given population, varying, according to
Corballis (1983), with the degree of social pressure to use the right
hand.

The origin of handedness has been variously attributed to
genetics, environment, chance, combinations of the prewvious three,
and another factor that may be a side effect of the process whereby
the brain becomes lateralized in the first place—developmental but
not genetic in and of itself (Geschwind & Galaburda, 1985a).
Supporting the genetic hypothesis, Hicks and Kinsbourne (1976) found
a significant correlation between hand preference in college students
and the hand preferences of their biological parents and no
correlation with the hand preferences of stepparents. Annett (1973,
1974, 1978) and Levy and Nagylaki (1972) proposed differing models
for the genetic control of handedness.

Annett’s (1972, 1973, 1975, 1987) model proposes that left-handers

are the minority who lack a dominant allele for the right-shift
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factor, with this group having an approximately equal chance of
being dextral or sinistral. The right-shift (rs+) gene is hypothesized
to give the left hemisphere a relative advantage over the right early
in the course of development. This advantage is directed toward
giving the left hemisphere dominance in control over speech.
According to Annett, right-hand preference may be a side effect of
the gene that promotes the development of left-hemisphere speech.
She speculated that a double dose of the rs+ gene may have relative
disadvantages stemming from overcommitment to left hemisphere
resources in those with that genotype (rs++), leading to selective
pressure for the homozygous condition (rs+-). The recessive condition
(rs--) results in no systematic bias toward speech for either
hemisphere and leaves the issue of hand preference to chance and
environmental factors.

Annett speculated that the majority of individuals with rs-- will
be right-handed due to environmental pressures. Annett’s theory
places the emphasis on genetic control of the lateralization of speech
and allows for the possibility of mixed-handedness in all genotypes.
As in most theories on the genetic origin of handedness, there is no
specific explanation of the differing rates of left-handedness in twins
(Bryden, 1982). Any simple genetic model would call for monozygotic
twins to have identical handedness. In fact, discordant handedness is
observed in twins rather more frequently than one would expect.
Bryden cited research that reports up to 23% of monozygotic twins
and 21% of dizygotic twins displaying discordant handedness. Annett

(1987) attempted to deal with this problem by speculating about
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stresses in the uterine environment arising from the presence of two
embryos (a leaf from the position that is taken by Bakan, 1972, 1977,
below). However, extensive research by Nachshon and Denno (1987)
suggests that birth stress and lateral preference are not related.
Levy and Nagylaki’s (1972) model for the inheritance of
dominance for speech and handedness is much more complex,
suggesting that handedness and hemisphere dominance for speech are
controlled by two genes with four alleles. Alleles L and 1 control
which hemisphere is dominant for language, and alleles C and ¢
decide whether hand control is contralateral or ipsilateral to this
hemisphere. The model postulates, therefore, five sinistral and five
dextral genotypes. Levy and Nagylaki (1972) attempted to test their
model via predictions about recovery from lesions that cause aphasia
and goodness of fit with proportions of hand preference in large-scale
genetic surveys. Bryden (1982) stated that Levy and Nagylaki’s
theory fits the genetic survey results well but has the same
difficulty as Annett in accounting for discordant handedness in twins.
Bryden (1982, 1987) himself suggested a different type of genetic
theory, modeled on the work of Collins (1985). As does Collins, Bryden
(1982, 1987) proposed that degree of laterality, not direction, is
genetically controlled. At conception, the organism initially has a 50%
probability of taking right or left shift in lateral preference. The
right and left halves of the distribution of organisms consist of a
majority of weakly lateralized individuals and a minority of strongly
lateralized individuals. Borrowing from Corballis and Morgan’s (1978)
postulated left to right developmental gradient, the weak left

individuals gradually shift over to the right side of the distribution,
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with postnatal environmental pressures converting, as it were, more
of the weak-left individuals to a right side-orientation. A portion of
the strongly left oriented individuals remain as left-handers. Bryden
has gathered evidence in support of his theory by examining the
absolute value of degree of laterality (in terms of relative hand
performance) across generations in families. He found significant
relations between degree of laterality within families and no relation
between direction of preference in one generation to another. Bryden
still described his theory as preliminary. Its importance lies less in
its details (several objections to his “word picture,” paraphrased
above, occur to this writer) but in the delineation of another
important factor related to handedness. Geschwind and Galaburda
(1987) report some preliminary research evidence that suggests that
weakly lateralized right-handers (as determined by a preference
measure) resemble left-handers more than strong right-handers in
many of the associations attributed to anomalous laterality.

A variation of the environmental position was expressed by Bakan
(1972, 1977), who argues that left-handedness is the result of mild
brain damage caused by hypoxia at birth. Bakan cited as evidence
populations with higher than normal proportions of birth
complications and left-handedness, including twins, stutterers, the
mentally retarded, epileptics, and others. In addition, children of
older mothers (fourth-borns and later) and first-borns were also
reported to have a larger proportion of left-handedness due to the
greater birth stress experienced under those circumstances. In a

review, Nachshon and Denno (1987) found little corroboration for
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Bakan’s hypothesis. In Nachshon and Denno’s study of 987 subjects on
whom birth-stress data and laterality information were available,

no significant correlation was found between hand preference and
degree of birth stress.

The performance associlations of dextrality and sinistrality
indicate that sinistrals may be less lateralized than dextrals in many
different kinds of tasks (Hicks & Kinsbourne, 1978). The lesser degree
of lateralization in sinistrals seems to find confirmation in the fact
that there are proportionately fewer extreme scores among sinistrals
on handedness inventories (Corballis, 1983; Bradshaw & Nettleton,
1983). Kilshaw and Annett (1983) found that sinistrals show smailler
skill differences between hands than dextrals. Other associations
with sinistrality are learning disability, certain forms of immune
disorder, and migraine. Certain exceptional talents relating to artistic
ability, spatial abilities associated with architecture, and
mathematics may also be associated with sinistrality (Herron, 1980;
Geschwind & Galaburda, 1985a; Springer & Deutsch, 1985, Geschwind &
Behan, 1982).

Gender may or may not have an association with handedness. A
higher frequency of sinistrality is reported in males in some studies,
but not all (Oldfield, 1971; Geschwind & Galaburda, 1985a). Males and
females are thought to differ on the average in patterns of abilities
(McGlone, 1980; Maccoby & Jacklin, 1974, Wittig & Petersen, 1979;
Benbow & Stanley, 1980). McGlone’s review suggests that the male
brain is more asymmetrically organized for verbal and nonverbal
functions, a finding that seems to have a structural/anatomical

parallel in rats (Diamond, 1984, 1987).
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The Assessment of Handedness

The assessment of handedness is not as straightforward as one
would think. There is research to indicate that writing hand itself is
the poorest single discriminator of handedness (Bradshaw & Nettleton,
1983). The most easily used systematic method of determining
handedness is the handedness inventory (Geschwind & Galaburda,
1985a), but it is flawed in that there may be other aspects of
laterality (trunk, gross motor) that are missed. Some researchers
argue that performance measures are the most desirable means of
determining handedness (Bradshaw & Nettleton, 1983, Bryden, 1977).
This method was used by Deuel and Moran (1980) to determine the
handedness of children in their sample. A researcher is left with the
choice of using one of several questionnaires if the use of behavioral
observation is logistically difficult. Two of the most widely used are
the Edinburgh Handedness Inventory (Oldfield, 1971) and the
inventory developed by Annett (1970). Neither the EHI nor Annett’s
questionnaire has marked advantages over the other in terms of
reliability and related statistical properties (McMeekan & Lishman,
1975). Bryden (1977) compared the Crovitz-Zener and EHI in terms of
reliability and wvalidity. Validity in the handedness inventory is
defined by Bryden as correlation between the handedness score and
familial (parental) handedness. Bryden used the five items found on
both the Crovitz-Zener and the EHI to determine a test-retest
reliability index of .85 for the short form of the EHI. On the basis of
this research, Bryden considered the EHI to be both reliable and

valid, McMeekan and Lishman (1975) made lower estimates of the
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reliability of the EHI on the basis of changes in strength of
handedness as measured by the questionnaire across administrations.
The estimate of a Pearson’s » of .97 for handedness categories is not
considered meaningful to the question of the stability of the actual
LQ’s (Laterality Quotients) generated by the EHI. The latter
researchers do not specifically address the 1ssue of the stability of the
actual left/right categories. In wview of the small number of items and
lack of stability of intracategory scores on the EHI, it should not be
regarded as yielding a true interwval scale (McMeekan & Lishman,

1975).
Measurement of CT Scans

No two studies dealing with the relation between handedness and
anatomical asymmetries in the brain have measured computerized
tomograms the same way. Therefore, the influence of measuring
method and other factors (e.g., model of scanner used) on the results
obtained is not known. Chui and Damasio (1980) and LeMay (1977)
are both explicit on the methods for measuring the scans, making
comparison possible. McShane and colleagues (McShane & Willenbring,
1984, McShane, et al, 1984, McShane, 1983) used a technique only
slightly different from that used by Chui and Damasio (1980). In the
former, scans taken from Caucasians with negative histories for
alcohol abuse were noted to contain proportions of asymmetry that
were comparable to those found by LeMay (1977) (the role of
handedness was not investigated, however).

LeMay (1977) measured the widths of the frontal and occipital
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portions of the hemispheres at a point approximately 5 mm from the
ends of the hemispheres. Asymmetries of the cranial vault were
measured with a template of circular lines 5 mm apart centered on
two lines intersecting at a 90-degree angle. Two other lines were
then drawn at 30-degree angles on either side of the vertical line
overlying the midpoint anteriorly.

Other studies are noteworthy in their attempts to deal with the
error factor inherent in the limits in the resolution of the CT
scanning equipment itself and the inaccuracy of hand measurement.
In a study examining the ventricular asymmetries in certain
categories of mental disorder, Tsai, Nasrallah, and Jaccoby (1983)
and Andreasen, Smith, Jacoby, Dennert, and Olsen (1982) defined a
significant asymmetry as a function of the standard error of
measurement (SEM). After calculating the coefficient of reliability
between multiple trace measurements of the brains in the sample,
these researchers defined an asymmetry as an SEM with a
confidence level of P< .01. This definition of an asymmetry was
employed to guard against the possibility that an arbitrarily chosen
criterion (e.g., 1 mm.) might be less than typical measurement

error,

Purpose

The above discussion of issues supports the need for further
research into the relation between a functionally lateralized
preference (handedness) and patterns of neuroanatomical symmetry/
asymmetry. In the present study, analyses were carried out to

determine if different patterns and proportions of neuroanatomical
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asymmetry occur in groups that differ on the handedness variable
(Hyp. 1). In addition, analyses were conducted to determine if right-
handers with left-handed first-degree relatives differ as a group
from right-handers lacking such a family history (Hyp. 2). An
attempt was made to determine the impact of diagnosis (reason
referred for CT scan) on neuroanatomical asymmetry in the sample.
The proportions of left- and right-handedness in given diagnostic
groupings were also examined. Finally, the impact of age and gender

on the distribution of asymrmetries was also explored.

Independent Variables

The independent variables examined in this study were:

1. Handedness: defined as a relatively stable preference for the
use of one hand over the other across a majority of skilled tasks
requiring a leading involvement of one hand. The category into which
each respondent falls (left or right) was determined by
questionnaire.

2. Family history of handedness is defined as the presence or
absence of left-handed relatives. That is, a sibling or parent of the
respondent had to have been reported to be left-handed for a positive
history of left-handedness to be reported. If no siblings or parents
were reported to be left-handed, the respondent was recorded as
having a negative history for left-handedness.

For the purposes of this study, the variables of handedness and
family history of handedness in right-handers were treated as one

variable with three levels. This is justified in that family history



was treated as a special case of right-handedness in terms of its
relation to neuroanatomical asymmetry. Conversely, the family-
history element in a right-hander with left-handed relatives was
also considered to be a situation in which the presence of left-handed
first-degree relatives could indicate an increased probability that the
right-hander with left-handed relatives could have either the
genotype and/or the type of cerebral organization in which hand
preference is random and therefore has a greater probability of
having a pattern of neuroanatomical asymmetry resembling that of a

left-hander.

Hypotheses

In a sample of hospital patients who hawve received CT scans:

1. There is no relation between handedness as measured by the
Edinburgh Handedness Inventory (Oldfield, 1971) and patterns of
neuroanatomical asymmetry (or, right-handers and left-handers do
not show different patterns of neuroanatomical asymmetry).

2. Family history of handedness (the handedness of first degree
relatives of the subject) is not related to patterns of neuroanatomical
asymrmetry in the frontal and occipital lobes. In addition, right-
handers with left-handed relatives do not constitute a group with
patterns of neuroanatomical asymmetry that differ from right-
handers that lack left-handed first degree relatives. Left-handers do
not constitute a group that differs from right-handers who lack left-

handed relatives.
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CHAPTER III

METHODOLOGY

The purposes of this research were to investigate the role of (1)
handedness as a marker for neuroanatomical asymmetry and (2)
family history as a moderating variable or intervening factor in the
relation between these variables. Studies cited in the previous
chapter generally do not considered the family history wvariable
(suggested by research on the genetic basis of handedness) and have
examined the significance of frequencies of asymmetries without
actually scrutinizing the statistical significance of the differences
between the group measurements. To overcome these limitations, the
current study employs multiple measurements of the CT slice and
includes a family history element to differentiate the right-handed

subjects into two categories.
Experimental Design

The independent variables examined in this study are: (1)
Handedness: defined as a relatively stable preference for the use of
one hand over the other across a majority of skilled tasks requiring
a leading involvement of one hand. The category into which each
respondent falls (left or right) was determined by questionnaire.

(2) Family history of handedness was defined as the presence or
absence of left-handed relatives. That is, a sibling or parent of the
respondent had to have been reported to be left-handed for a positive
history of left-handedness to be reported. If no siblings or parents

were reported to be left-handed, the respondent was recorded as



25

hawving a negative history for left-handedness. For the purposes of
this study, handedness was treated as one variable with three levels.
This was justified in that family history is being treated as a special
case of right-handedness in terms of its relation to neuroanatomical
asymmetry. The variables are further described below.

The major dependent variable, neurocanatomical asymmetry, is
defined in various mathematical expressions of the left-right
differences between the cerebral hemispheres represented in the CT
scan slice measured. This variable was examined in both continuous
and categorical forms. Originally, all the brain scan series used in
this study were to be measured on the computer console attached to
the CT scanner at Logan Regional Hospital. Images of the scans stored
on computer disks were displayed on the console screen and
measured by the investigator with a light pen and the console
software. Due to a major loss of data from the magnetic media
(computer disks) and lack of backup for these media, it was decided
that tracings made from films of the same scans (measured for a
parallel study) would be used to substitute in whole or in part for
the missing data. A total of 108 traced scans and 69 console measured
scans were available for use in the study. Between the trace and
console data sets, 58 subjects were common to both. In the remainder
of this chapter and in the chapter that discusses results, the
handedness groups are referred to in abbreviated form (Rh=right-
hand, Rhl=right-handed with left-handed relatives, and Lh=left-
handed) and (t) and (c) immediately after the abbreviation of the

handedness group refer to trace and console measures, respectively.
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Subjects

This study involved a subgroup of a larger study of approxirmately
500 individuals who received CT scans at Logan Regional Hospital
(McShane, study in progress) who responded to handedness
questionnaires. Less than a third of those contacted responded to the
questionnaires or direct phone contacts by the author. The impact of
this low response rate on the characteristics of the sample is not
certain. It is likely that those who responded were on the average
more healthy and motivated than the nonrespondents. This subgroup
consisted of 68 females and 40 males referred for computerized
tomography. The gender disparity was greatest in the Lh(t) group
with 2 males and 14 females. The Rhl(t) subset contains 14 females
and 10 males, and the Rh(t) subjects consists of 39 females and 29
males. The significance and impact of this disparity on the analysis is
examined below and in subsequent chapters.

The ages of the subjects are of theoretical importance to the study
of neuroanatomical asymmetry. The Rh(t) group was older than the
other two groups, and all groups contained a very wide age range
weighted toward late middle aged and elderly subjects (see Table 2).
Subjects were categorized into young (low through 23), middle (24
through 40), and older (41 through high) age groups. The frequencies
of age categories for handedness groups were tested by chi-square.
The coefficients for the trace and console groups approached but did
not reach the a level of .05 (p= .10370 for console, p= .08332 for
trace). However, in practical terms, the older age groups can

probably be considered to be somewhat overrepresented in the
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Table 2

Mea and scriptive Statistics of es andedness d

Group Mean SD SE Min. Max Range
number(n)

Trace

All (108) 45.780 20.935 2.005 4.000 81.000 77.000
Rh (¥8) 49.279 20.890 2.533 5.000 79.000 74.000
Rhl (24) 39.333 19.455 3.971 4.000 78.000 74.000
Lh (16) 38.875 20.093 5.023 7.000 81.000 74.000
Console

All (69) 44.797 20.189 2.430 4.000 78.000 74.000
Rh (49) 48.204 20.070 2.867 5.000 78.000 73.000
Rhl (14)  39.857 19.771 5.284 4.000 69.000 65.000
Lh (6) 38.875 20.093 5.023 7.000 81.000 74.000

sample, most notably in the Rh(t) group.

The CT images measured in this project were judged by a
certified CT technician to be relatively free of significant distorting
pathology. Subjects were questioned about the reasons they were
referred for a CT scan and whether findings were reported to them
(i.e., positive or negative findings), and a rough categorizations were
made of the reasons for referral (e.g., headache, stroke, head
trauma). This information was gathered to assess any variation of
referral reason with handedness category (see Table 3). Chi-square
tests of handedness X referral question category were carried out for
the trace and console data sets, and the results were not significant
(trace, p= .73156, console p= .52036). Subjects were also questioned as
to whether they drank alcoholic beverages. No attempt was made to

differentiate extent of use and/or abuse (although a small number of
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Traced ie H d Cat ies (n ercent
Referral question All Rh Rhl Lh
Category Trace Trace Trace Trace
Headache 35/32.1 20/29.4 9/37.5 6/37.5
Stroke 16/14.7 11/16.2 2/8.3 3/25.0
Head trauma 12/11.0/ 10/14.7 1/4.2 1/5.9
Dizzy, loss of balance,

musc. control 8/7.3 5/7.4 3/12.5 0
Seizure disorder 7/6.4 5/7.4 1/4.2 1/6.3
Memory loss 3/2.8 3/4.4 0 0
Intra cranial

Pressure 1/0.9 1/1.5 0 0
Dementia 3/2.8 2/2.9 1/4.2 0
Other 14/12.8 7/10.3 3/12.5 4/25.0
Missing data 9/8.3 4/5.9 4/16.7 1/6.3

Console subjects and handedness categories (number/percent)

Referral question All Rh Rhl Lh
Category Console Console Console Console
Headache 21/30.4 12/24.5 7/50.0 2/33.3
Stroke 7/10.1 6/12.2 0 1/16.7
Head trauma 10/14.5 8/16.3 1/7.1 1/16.7
Dizzy, loss of balance,

musc. control 9/13.0 6/12.2 3/21.4

Seizure disorder 5/7.2 4/8.2 1/7.1 0
Memory loss 3/4.3 3/6.1 0 0
Intra cranial

Pressure 2/2.9 2/4.1 0 0
Dementia 0 0 0 0
Other 7/10.1 5/10.2 0 2/33.3

Missing data .5/7.2 3/6.1 2/14.3 0
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subjects reported past heavy use). In all, 21 (18.9%) reported
drinking alcohol and 79 (71.2%) denied use. Data were missing for 10
subjects (9%). As noted in the literature review, a history of aicohol
abuse might be associated with a greater degree of symmetry
between the cerebral hemispheres (McShane & Willenbring, 1984) and
as such could function as a moderator variable. Chi-square tests
carried out to determine if alcohol use was nonrandomly distributed
across the handedness groups revealed no significant departure from
chance (console, p= .5203, trace p= .4183). CT findings (whether or
not the subject had been told of actual CT findings by the doctor)
were positive (that is, the subject had been told of findings from the
scan) for 12 (17.4%) subjects, negative in 51 (73.9%) subjects and not
available for 6 (8.7%) of the console subjects from whom
supplemental questionnaire data were not available. For trace
subjects, the response to the CT-finding question was positive for 21
(18.9%) of the subjects, negative for 79 (71.2%), and no data was
available for 10 subjects, from whom the supplemental questionnaire
data were not available. Chi-square tests of the distribution of CT-
finding categories across handedness categories revealed no significant
departure from random distribution (p= .3201 for console, p= .2552
for trace). The percentages of alcohol use and CT finding responses

are listed in Table 4.
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Table 4
F uen V r t A\ and Gro o) ol
Use and C indi umber/percent of categor

Alcohol used? Positive CT finding?
All #Yes #No #*No data *Yes #*No #No data
Trace
- 21/19.4 THTL3 10/9.2 20/18.5 78/72.2 10/9.0
Rh(t) 15/22.1 48/70.6 5/7.4 15/22.1 49/72.1 4/5.9
Rhi(t) 2/8.3 18/75.0 4/16.7 2/8.3 17/70.8 5/20.8
Lh(t) 4/25.0 11/68.0 1/6.3 3/18.8 12/75.0 1/6.3

SO u I t C

Alcohol used? Positive CT finding?
All #Yes *No #No data #Yes #*No #No data
Console
- 16/23.2 48/69.6 5/7.2 12/17.4 51/73.9 6/8.7
Rh(c) 12/24.5 34/69.4 3/6.1 10/20.4 36/73.5 3/6.1
Rhi{c) 2/14.3 10/71.4 2/14.3 1/7.1 10/71.4 3/21.4
Lh{c) 2/33.3 4/66.7 0 1/16.7 5/83.3 0

Finally, according to 1980 census data, the counties served by the
hospital from which the patient population was drawn are 96%
Caucasian and predominantly Mormon and northern European in
descent. The remaining 4% of the population consists of Hispanics,
Blacks, and other minorities. No ethnic minorities were present in
the sample.

Questionnaire data were available identifying 68 right-handers, 16
left—-handers, and 24 right-handers with left~-handed relatives. The
sample of 68 fermales and 42 males. In a breakdown of gender by
group, the right-handed subjects were 39 females and 29 males, the

right-handed with left-handed relatives subjects were 14 fermales and
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10 males, and the left-handed group included 2 males and 14 females.
Chi-square tests were performed to evaluate the degree to which the
within-group disparity of sex distribution departed from chance. The
chi-square coefficient approached but did not surpass the « level of
.05 with a p= .07509 (console, p= .08713) in the trace data set
(console, p= .08713). This suggests that the distribution of males and
fermmales across handedness categories does not differ significantly
from chance. However, this would appear to be a situation in which
the practical significance of the small number of males in Lh(t)
cannot be overlooked. The results of this study with respect to any
asymmetries and characteristics of the brains in Lh(t) cannot be

applied with confidence to male left-handers.

Assessment of Handedness

Subjects were mailed a short form of the Edinburgh Handedness
Inventory (Oldfield, 1971) as revised by Bryden (1977) with additional
questions to determine the handedness of first-degree relatives.
Parents of children too young to complete the inventory were asked
to watch their children carry out the inventoried activities and fill in
the questionnaire. Subjects who did not respond were telephoned,
asked if they would fill out the questionnaire, and mailed a second
instrument. Holdouts after the second mailing were called by the
investigator and interviewed by phone.

The EHI consists of a list of five activities followed by two
adjacent response areas, a LEFT and a RIGHT response column
(Appendix B). The subject is instructed to show his or her preference

in the use of hands for particular activities by placing a plus (+) in
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the column under LEFT or RIGHT as appropriate. If the hand
preference is very strong for a particular activity, the subject is
instructed to endorse the hand preference with two +’s, and
activities preformed with equal frequency with either hand are
endorsed with a + in both LEFT and RIGHT columns. Scoring involves
adding up the number of +’s in each column and then subtracting the
number of +’s under LEFT from the number under RIGHT. The result
is then divided by the total number of +’s and multiplied by 100 to
vield a laterality quotient (LQ) between zero and -1.00 to indicate a
left-hand preference and scores between zero and +1.00 to indicate
right-hand preference.

The questionnaires returned by the subjects contained a large
number of responses to the gquestions dealing with hand preference. A
typical response consisted of a single + in the RIGHT column for the
first activity, followed by the same response for all remaining
preference questions, with no +’s in the left-hand column. On other
questionnaires, a column of double +’s was found under the RIGHT
column, accompanied by a column of single pluses under the LEFT.
Other responses (for instance, from left-handers) were double +’s in
the LEFT under specific activities (such as Writing and Using
Scissors) and three other activities were endorsed with single +’s
under the RIGHT column. This response would have the majority of
+’s in the LEFT column and was closer to how the questionnaire was
meant to be answered. Yet another type of response consisted of a
single + in the first activity in the right-hand column, followed by a

line drawn down through all the other spaces in the RIGHT column.
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This was interpreted to mean a right-hand preference. In the cases
noted above and in similar instances, subjects were assigned to the
left and right categories on a basis of simple majority of responses in
a given column. Family history of handedness was a subcategory into
which a subject was placed when a parent or sibling was indicated
as having a left-hand preference. In many cases it was assumed that
the family member might not be awvailable to take the EHI. Therefore,
family history was established by the respondent’s report alone. In
the event that a subject indicated no knowledge of family history
(e.g., respondent was adopted) and the subject was right-handed,
that subject was allocated to the right-handed group, as this was the
higher probability of history. This lowered certainty of family
history for some of the subjects might tend to moderate or alter the
relation between right-handedness and the asymmetry wvariables.
Another factor that might lower the reliability of family history,
especially in older subjects, might be that their parents, siblings, etc.
were more likely to have been encouraged or pressured to use their
right hands over their left. This might also serve as a moderator

variable, reducing the putative relation that is being examined here.

Measurement of CT Scans

The following describes the technique used to measure CT scans
on the CT computer console. The measurement method described
below corresponds closely to the method used to measure the
tracings. Certain differences between the techniques may account for
the relatively low similarity between the console and trace data.

The section viewed on the tomograms is an axial view at zero
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angulation cutting through the frontal lobes anteriorly and the
occipital lobes posteriorly. The pineal body and the frontal and
posterior horns of the lateral ventricles are major landmarks at this
level. While the section is portrayed on the scanner’s screen, a point
is marked with a light pen on the outer table of the skull directly
above the notch indicating the interhemispheric fissure and directly
below the posterior notch formed by the fissure, again on the skull’s
outer table. The computer then generates the anterior-posterior (AP)
line and gives its length in millimeters. This line is entered on the
coding sheet rounded to the nearest whole millimeter. The examiner
then rnark_s off perpendicular slices of the brain in percentages of the
AP line. The endpoints of the perpendicular lines are the edges of the
brain section at points perpendicular to the AP line. The computer
gives right and left line segments from the AP line in millimeters as
well as the total width of the cut. Measurements of the brain’s right
and left width are taken at 90, 80, 75, 67, 60, 50, 40, 33, 25, 20, and
10% of the AP line. Percentages 90 through 67 are considered to
correspond to the occipital lobes, 67 through 33 to the temporal-
parietal region, and 33 through 10 % to the frontal lobes. The
measurement points in terms of percentages of the AP line are
illustrated in Figure 1. The percentages are on the right of the figure,
and the derived ratios and differences are described on the left and
below. The AP line divides the width measure (the line space within
the boundaries of the slice) into right and left halves, and the left
half was divided by the right half to yield the ratios. These ratios
where also averaged by region and hemisphere to permit analyses at

a number of different levels. The analyses were carried out at the
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ratio level (a transformed score) to control for magnitude differences
between the console and scan measurements of the subject’s brain.
Analyses were also carried cut with direct compariscon of right-side
measures, left-side measures, and differences obtained in subtracting
left from right. These analyses illustrate different aspects of the
forms taken by the asymmetries. Figures 2-4 illustrate in schematic
fashion a number of the structures passed through on the level of the
CT scan. Table 5 lists these and additional structures and areas and
their relative position on the AP line. It should be noted that
individual brains are quite variable, and no claim is made that these
figures and lists of structures account for the position of these

features on every brain.
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Table 5

Structures on t ev 1 T Scan a heir roximate

Positic

A oxi te

Gross brain divisions, 90% to 10% of AP Location(%ZAP
1. Occipital lobe 90 - 75%

2, Temporal lobe (Possibly lowest of parietal lobe) 75 - 33%

3. Frontal lobe 33 - 10%
Surface features on ar path of can level, 90% to 10%

1. Calcarine Sulcus 90%

2. Parieto-occipital Sulcus 90%

3. Lower margin of Angular Gyrus 80%

4. Lower margin of Supramarginal Gyrus 67%

5. Superior Temporal Sulcus (Lower middle)

/Upper part of Middle Temporal Gyrus 67 - 33%
6. Lower portion of Inferior Frontal Gyrus 25%
teral surface cyt chitectoni I 90% %
1. Area 17, Primary visual receptive cortex 90%
2. Area 18-19, Primary visual association cortex 90 - 75%
3. Area 37, Visuo-auditory association cortex 75 - 67%
4. Area 21, Auditory association cortex 67 - 60%

5. Area 22, Auditory association cortex

including part of Wernickes Area 60 - 50%
6. Area 42, Primary auditory receptive area

(Heschl’s Gyrus) 50 - 33%

7. Areas 44/45, Broca’s area 33 - 25%
8. Area 12 and 10, part of prefrontal cortex 10%
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The research design was presented to the Human Rights
Committees of Logan Regional Hospital and Utah State University
before the survey instrument was mailed. A consent form was
enclosed with the gquestionnaire and cover letter (see appendices) and
permitted the subject to choose his/her level of involvement (or
noninvolvement) with this study and other studies served by the
same guestionnaire. The identity of the subjects was protected by
keeping address lists, completed gquestionnaires and other materials in

locked files with the key kept by the principle investigator.
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CHAPTER IV
RESULTS

The primary purposes of this study were to investigate the
associations between (1) handedness and neuroanatomical asymmetry
and (2) familial history of handedness as a moderating or intervening
factor in the relation between handedness and neuroanatomical
asymmetry. The literature suggests that right-handedness is more
strongly associated with certain gross anatomical asymmetry
patterns than left-handedness. The literature also suggests that
handedness may be related to a number of factors, notably a right-
shift factor that is present in most right-handers and absent in most
left-handers and a subset of right-handers. In the latter group, hand
preference is more likely random and subject tc postnatal
environmental factors. Therefore, family history (left-handed first-
degree relatives) may be related to the frequency and extent of

neuroanatomical asymmetry in a subset of right~handers.

D ioti  the S |

In the course of this study console measurements were made by
the author, who was blind to the handedness and family history of
the subjects, but not to the hypotheses. Later, when the loss of data
was discovered, trace data were used to supplement and replace
them. These data had been collected by individuals blind to the
hypotheses of the study. Questionnaire data were collected by mail
and later by telephone follow-up by the author. The measurement

data were analyzed in terms of ratios between left and right
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measurements (left side+right side=ratio), mean comparisons of the
untransformed raw scores (AP, total brain widths, and left and right
sides), difference scores derived by subtracting left-side from the
corresponding right-side measures (left-right=difference), and
categorical data. These comparisons were carried out between console
and trace data sets and within the sets broken down into the three
handedness/familial history groups. The answers to the questionnaire
concerning referral (elicited from the subjects and/or their families
to specify problem that had led to referral for medical evaluation and
subsequent CT scan), alcohol use (a yes/no question to determine
whether alcoholic beverages were imbibed by the subject), patient
knowledge of CT finding (whether the subject had been told of CT
findings by the doctor—a highly reactive question of doubtful use),
and gender were examined in terms of frequencies per measurement
method (trace, console) and handedness group. The statistical

characteristics of these variables are reported in the method chapter.

Differences Between Trace and Console Data

Table E1 in the Appendix presents a summary of measurement
data for the entire sample and by handedness group for each method.
There are statistical differences between the trace and console data
sets on the measurements that were duplicated (n=68) when these
measures were broken down by handedness group. These differences
were not apparent in the untransformed data (whole and left/right
widths) or in the ratios and difference scores until they were

analyzed in a Measurement Method X Handedness group fashion. The
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differences are greatest in several of the occipital measures of the
right-handed group. For the 38 right-handed subjects on whom both
trace and console measures were available, difference measures for
tracings were of greater magnitude than corresponding console
measurements. Not all these differences are significant. Howewver, an
opposite pattern is observed in the right-handers with left-handed
relatives group. Again focusing on the occipital area, the subjects on
whom trace and console data were available tended to have larger
difference scores in the console group, as opposed to the right-
handers who tended to hawve larger difference scores in their trace
measurements.

To summarize at this point, a certain number of measurements
of theoretical importance to this study tend to be higher or lower in
particular handedness groups depending on the measurement method
used. Console-measured right-handers had at times significantly
smaller measures (at 90%, 80%, and 75% of AP) in the occipital area
than corresponding trace-measured subjects. Console-measured Rhl
subjects had difference scores of greater magnitude in the occipital
area (more than 1 mm difference at 90% and 80% of AP and .50 mm at
75% and 67%, respectively). Although the console Rhl measures are not
in and of themselves significantly different from the trace measures
of the same subjects, it was suspected that these differences (and
similar ones in the six left~-handed subjects on whom trace and
console measures were available) could have played a role in the
different findings obtained when one-way ANOVA was carried out for
Handedness X Asymmetries.

To further inwvestigate this possible interaction between
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handedness and measurement method, a repeated-measures design
analysis of variance was carried out. Repeated-measures ANOVA’s
were conducted for ratios of the left-right measurements at each
percentage of AP. In other words, the 58 subjects on whom trace and
console measurements were available were broken down into
handedness categories, and the expected and actual error variances
were compared. Ratios were used to specifically control for the
possibility that the difference scores between left and right had been
influenced by extraneous factors (e.g., the difference in size resulting
from the position of the projector from the wall versus the actual
size reported by the computer in the console measures). There was
no significant effect found for measurement method. However, right-
handed subjects were found to have significant Hand X Measurement
interactions at the 80% and 75% levels. Console-measured Rh subjects
were significantly smaller than trace-measured Rh subjects at both
of the above percentages of the AP line. Figures 5 and 6 illustrate this
interaction graphically. Table 6 illustrates the differences between
the handedness groups by Method X Handedness in the 58 subjects on
whom trace and console data is available.

Only speculation can be offered as to why the two measurement
methods yielded such different results. One possibility concerns the
fact that the light pen on the CT console was not ideally situated for a
left-handed user (the author). The point of light on the CRT screen
was also wont to dance wildly, making placement difficult. Another
factor that could account for the more marked differences between

left- and right-hemisphere widths between methods (whole widths
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Figure 5. Cell means of the measurement method by handedness

group (80% AP).
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Table 6

Handedness group: right-hand

Variable #*of cases Mean SD Dif. t P=
L-R dif scores mean value
T(race)90 38 2.9737 6.399 2.0526 2.27 .029
C(onsole)90 9211 4.670

T80 38 2.4211 5.330 1.4737 1.98 .055
C80 .9474 3.883

T75 38 2.5000 4.196 1.7632 2.57 .014
C75 .7368 3.703

T67 38 .6316 4.499 .5789 .82 .415
C67 .0526 2.780

Té60 38 -,1879 4.010 .0000 .00 1.000
Cé60 -.1579 2.444

T50 38 -.5000 2.689 .0789 .15 .878
C50 -.5789 2,213

T40 38 ,0000 3.247 . 7368 1.13 . 264
C40 -.7368 2.668

T33 38 . 4474 3.285 1.3158 2.24 .031
C33 -.8684 2.095

T25 38 -.8158 5.382 . 3421 .43 .668
C25 -1.3947 2.236

T20 38 -1.2368 2.963 .1579 .32 .747
Cc20 -1.3947 2.388

T10 38 -2.5000 5.451 .4211 .49 .626
C10 -2.9211 3.672

(table continues)
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Handedness group: right-hand w/left relatives

Variable #of Cases Mean SD Dif. t P=
L-R dif scores mean wvalue
T(race)90 14 3.9286 6.662 -1.1429 -.60 .556
C(onsole)90 5.0714 3.293

T80 14 3.6429 3.543 -1,5000 -1.32 .208
C80 5.1429 3.326

T75 14 3.0714 3.912 -.5000 -.52 .613
C75 3.5714 3.031

T67 14 . 7143 3.049 .5000 -.52 .609
Ce7 .2143 1.847

T60 14 -.4286 2.102 —-.4286 -.59 .568
Cé60 .0000 1.922

T50 14 —-1.6429 2.706 -.2143 -.28 .787
C50 -1.4286 2.533

T40 14 -1.2857 2.998 ' .5000 .61 .554
C40 -1.7857 2.940

T33 14 -1.5000 3.568 .5714 .74 .470
C33 -2.0714 2.702

T25 14 -1.9286 3.293 -.2857 -.53 .605
Cc25 -1.6429 2.234

T20 14 -1.4286 3.610 1.2857 1.16 . 266
C20 -2.7143 2.234

T10 14 -2.6429 5.597 1.3571 .81 .431
C10 -4.0000 3.162

(table continues)
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Handedness group: left-hand

Variable #*of cases Mean SD Dif. t P=
L-R dif scores mean value
T(race)’0 6 -.5000 6.834 ~.6667 -.39 .715
C(onsole)90 1667 5.672

T80 6 -2.1667 5.742 -2.3333 -1.17 .295
C80 .1667 3.061

T75 6 -2.0000 6.066 -2.5000 -1.36 232
C75 .5000 3.728

Té7 6 -3.,0000 3.742 -2.3333 -2.09 .091
Cé67 -.6667 1.966

Té60 6 -4.1667 3.371 -2.1667 -1.73 . 143
Cé60 -2.0000 1.414

T50 6 -3.8333 2.787 -2.1667 -1.90 .115
C50 -1.6667 1.366

T40 6 -2.1667 1.194 -1.3333 -1.35 .235
C40 -.8333 1.722

T33 6 -2.1667 2.317 -1.0000 -1.17 .296
C33 -1.1667 1.941

T25 6 -1.5000 3.271 -.8333 -.96 .383
C25 -.6667 1.633

T20 6 -2.1667 2137 -.5000 —-.47 .656
C20 -1.6667 2.251

T10 6 . 1667 4.792 1667 .09 .929
C10 .0000 1.095
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and lengths were more similar) lies in the console software. The AP
line generated by the console automatically disappeared when the
next line (the measure of width) was made. The need to estimate the
appropriate point of division between the left and right hemisphere
without the AP line could account for the disparity between left/right
hemisphere measures and differences across methods. The stability of
reference points in the trace data recommends it as more accurate,

reliable, and true to the object being measured.

Mean Differences Between Handedness Groups

One-way ANOVA’s were computed between handedness categories
(Rh, Rhl, Lh) and the measures taken at all eleven percentage points
of the AP line. As mentioned above, the ANOVA’s were carried out by
Left sides (90% to 10%) X Handedness, Right sides (90% to 10%) X
Handedness, Left+Right (L+R) X Handedness, and Left-Right difference
scores X Handedness. Where feasible, these analyses were carried out
for both trace and console data. In a later section, analyses dealing

with possible confounds (gender and age) will be discussed.

Left and Right Sides by Hand

No significant between-group differences in left-hemisphere
widths were seen in the trace data for the handedness groups (Figure
7). Significant differences were seen in console data between mean
left hemisphere widths at the 90% and 80% points (Figure 8).
Specifically, the Rh(c) left-side width was significantly smaller than

the corresponding side in Rhil{(c). This difference between console and
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Figure 7. Trace left-hemisphere widths by handedness group.
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Figure 8. Console left-hemisphere widths by handedness group.
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trace results will be discussed in the light of the differences between
the trace and console data noted in the previous section.

Again examining trace data, significant differences in right-
hemisphere widths by handedness group were noted at the 80% (0OC2),
75% (OC3), and 60% (TP2) of AP points. At the 80% and 75% level of
measure, the right-hemisphere widths of the Rh(t) and Rhi(t)
subjects were significantly different from the Lh(t) subjects,
differentiated by a least significant difference procedure. At the 60%
of AP level, only Rh(t) was significantly distinguished from Lh(t),
with Rhil(t) lying midway between them in magnitude. The ANOVA
for the fourth measurement in the occipital/temporal/parietal area
(OC4) at 67% of AP approached but did not meet the a= .05 criteria for
significance (actual p= .0548) (See Figure 8, above).

No significant differences were observed between right-hemis-
phere widths by handedness group in the console data (See Figure 9).

To summarize at this point, the trace data left-hemisphere
widths by handedness group ANOVA’s revealed no statistically
significant differences between hemisphere widths by handedness
group at any measurement point on the AP. The right-side widths did
vary by handedness group at two of the occipital region measurement
points (OC2 at 80%, p= .0327, and OC3 at 75%, p= .0119) and at the
temporal/parietal (TP2) point (60%, p= .0292). None of the other
measures in the temporal/parietal or frontal areas attained
significance. The picture presented by the trace data is of a left
hemisphere that does not show significant variability by handedness.

The right hemisphere does appear to have greater variability
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Figure 9. Trace right-hemisphere widths by handedness group.
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associated with handedness, principally in the posterior quadrant. In
that area, three of five of the percentage points showed significant
between group differences. In all three cases, Lh(t) had a greater
width than Rh(t), and in 2 of 3 right hemisphere widths Lh(t) was
of significantly greater magnitude than Rhl(t) as well. In no case
was Rhl(t) significantly different from Rh(t). Console data did not
show the same pattern of results. The right hemisphere as depicted
by console data did not show significant intergroup differences for
handedness. Left hernispheres in the console data showed significant
differences at the 90% and 80% points between Rh(c) and RhL(c), a
relation not observed in the trace data (see Figure 10). A summary of
the significant trace and console ANOVA’s for Hand X Left and Right

sides can be seen in Table 7.
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Figure 10. Console right-hemisphere widths by handedness group.



68

Table 7
alvets’ ot VADS F Val ; 2 iated Signifi f CT T

. ~afd 3 by o 4 1o =

ANOVA

Right hemisphere widths, trace data F Sig. (p=)
Handedness group Mean SD Sig. pairs
Right Oc. 1 (90% of AP) 2.6924 .0724
Rh(t) (n=68) 26.970 5.223
Rhi1(t) (n=24) 28.583 4.995 none
Lh(t) (n=16) 29.937 3.838
Right Oc. 2 (80% of AP) 3.5339 .0327
Rh(t) 46.044 4.005
Rhi(t) 46.208 3.401 Sig. diff 1 & 3,
Lh(t) 48.813 3.371 28&3
Right Oc. 3 (75% of AP) 4.6276 .0119
Rh(t) 51.897 4.125
Rhi(t) 52.458 3.623 Sig. diff 1 & 3
Lh(t) 55,250 3.751 2&3
Right Oc. 4 (67% of AP) 2.9854 .0548
Rh(t) 59.382 3.408
Rhi(t) 59.750 3.220 none
Lh(t) 61.687 3.609
Right TP 2 (60% of AP) 3.6543 .0292
Rh(t) 62.000 3.355
Rhl(t) 62.708 3.303 Sig. diff. 1 & 3
Lh(t) 64.562 3.915
Console data
Left Oc. 1 (90% of AP) 5.4705 .0063
Rh(c) 33.918 3.741
Rhi(c) 37.428 2.409 Sig. diff 1 & 2
Lh(c) 36.500 5.822
Left Oc. 2 (80% of AP) 4.5436 .0142
Rh(c) 50.122 3.539
Rhi(c) 53.214 3.118 Sig. diff 1 & 2

Lh(c) 50.167 2.994
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t+ a t-
Differe by Hand

When ratios and difference scores were used to study the
neuroanatomical asymmetries, the focus moved from the relation of
handedness to the hemispheres in isolation to the relations between
the hemispheres themselves as mediated by handedness. While the
ANOVA’s performed on the trace data did not reveal different
information on the interaction of the hemispheres in terms of where
significance was found, it was felt by the researcher that each
method contributed different elements to the emerging picture. In the
case of ratios, it was observed that console and trace measures on
the same subjects were sometimes of different size. It was then
decided to carry out an analysis on the ratio of left+right sides,
which would permit the study of the relation between the sides to be
examined independent of the actual magnitude of the sides
themselves. Conversely, since the tracings were still within the
average size ranges for brains in the entire study, left-right
difference scores were analyzed by handedness group to provide some
clues as to the magnitude of the asymmetries between the
hemispheres. Thus, the use of ratios and difference scores together
was seen by the writer as a form of error control and for the way
the two provide complementary information. Post-hoc comparisons
were made with Fisher’s least significant difference (LSD) test.

Beginning with trace data, L+R ratios X Handedness group
ANOVA’s were significant at the a= .05 level at the 80%, 75%, 67%, and
60% of AP points in the area designated as occipital and temporal/

parietal. In all four of these comparisons, Rh(t) was larger than
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Lh(t). At the 75% and 67% of AP levels, Rhl(t) was also significantly
different from Lh(t). No other ANOVA’s performed on ratios at
percentage points in the temporal/parietal or frontal areas were
significant. In most of the comparisons that were significant, the
Rh(t) and Rhi(t) ratios were greater than 1, indicating a larger left
side, as compared with an Lh(t) ratio of less than one (e.g., .963),
indicating a larger right side (See Figure 11).

Referring next to the console data, significant ANOVA’s of L+R
ratios by handedness group were observed at 90% and 80% of AP, with
75% approaching but not reaching the significance level (p= .0529).
Rhl(c) had the most left-leaning ratio, rendering it significantly
different from groups Rh(c) and Lh(c), whose left+right ratios were
smaller in magnitude and closer to one (equality). Table 8 illustrates
the significant ANOVA results and group differences for both console
and trace data (See Figure 12).

ANOVAs performed on L-R differences X Handedness group
provided additional and supporting information to the ratio data.
Examining trace data first, significant F ratios were obtained at the
80%, 75%, 67%, and 60% AP points. In all four cases, Rh(t) differences
were positive in sign (larger left than right) and Lh(t) differences
were negative in sign (right side larger than left) and significant. In
two of the ANOVA’s (75% and 67% of AP) Rhl(t) mean difference scores
were also significantly different from the Lh(t) subject scores. The
magnitude of the significant differences between the three
handedness-group brain measurements ranged from 2.313 to 3.97

millimeters.
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1.29 L+R Ratios
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Figure 11. L+R ratios by handedness group, trace data.
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and Console Data, L+R Ratios

ANOVA
Trace data L+R ratios F Sig. (p=)
Handedness group Mean SD Sig. pairs
L+R Oc. 2 (80% of AP) 3.5934 .0309
Rh(t) 1.059 .099
Rhi(t) 1.049 .096 Sig. diff 1 & 3
Lh(t) .987 .087
L+R Oc. 3 (75% of AP) 5.2024 .0070
Rh(t) 1.057 .089
Rhi(t) 1.042 .081 Sig. diff 1 & 3
Lh(t) .980 .074 283
L+R Oc. 4 (67% of AP) 4.3724 .0150
Rh(t) 1.016 062
Rhi1(t) 1.006 .052 Sig. diff 1 & 3
Lh(t) .988 .046 2&3
L+R TP 2 (60% of AP) 4.578 .0124
Rh(t) 1.005 .056
Rhi(t) .991 .039 Sig. diff 1 & 3
Lh(t) .963 .042
Console data L+R ratios
L+R Oc. Ratio 1 (90% of AP) 3.7070 .0298
Rh(c) 1.0548 .153
Rhi(c) 1.1654 A4 Sig. diff 2 & 3,
Lhie) 1.0109 .159 2&1
L+R Oc. Ratio 2 (80% of AP) 6.5913 .0025
Rh(c) 1.0315 .078
Rhi(c) 1.1090 .072 Sig. diff 2 & 3,
Lh(c) 1.0070 .059 2&1
L+R Oc. Ratio 3 (75% of AP) 3.0740 .0529
Rh(c) 1.0181 .068
Rhil(c) 1.0667 .059 none
Lh(c) 1.0140 .071
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Figure 12. Console L+R ratios by handedness group.
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ANOVA’s performed on L-R differences by handedness group
provide a complementary picture to the ratio data. Examining trace
data first, significant F ratios were obtained at the 80%, 75%, 67%, and
60% AP points. In all four cases, Rh(t) differences were positive in
sign (left larger than right) and Lh(t) differences were negative in
sign (right larger than left) and represented significant differences
between these two groups. In two of the ANOVA’s (OC3, 75% and OC4,
67% of AP) Rhl(t) mean difference scores were also significantly
different from the Lh(t) scores. The magnitude of the significant
differences between the three handedness group brain measurements
ranged from 2.31 to 3.97 millimeters (See Figure 13).

ANOVA’s performed on console data L-R differences by handedness
group vielded significant F ratios at 90%, 80% and 75% of AP. In all
three of the significant ANOVAs, Rhl(c) was of greater positive
magnitude than Rh(c) (which was also greater than zero). Rhi(c)
was significantly greater than Lh(c) in two of the three ANOVAs of
interest, at 90% and 80% of AP, respectively. The Lh(c) left-right
differences were also in the positive direction. The differences
between significant pairs ranged in magnitude from 2.67 mm to 4.98
mm. Table 9 illustrates the significant ANOVA’s for both trace and
console difference-score data (See Figure 14).

To summarize the results of the ANOVA analysis of right- and
left-hemisphere widths, L+R ratios, and L-R difference measures,
significant differences were observed in the posterior half of the right
hemisphere (in the trace data). Lh(t) had significantly wider right-

hemisphere measures than Rh(t) in three out of three significant
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Figure 13. L-R differences by handedness group, trace data.
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ANOVA
Trace data L-R difference scores F Sig. (p=)
L-R Oc. 2 (80% of AP) 3.3560 .0387
Rh(t) 2.471 .615
Rhi(t) 2.125 .317 Sig. diff 1 & 3
Lh(t) -0.750 .219
L-R Oc. 3 (75% of AP) 5.3982 .0059
Rh(t) 2.721 .488
Rhi(t) 2.083 .096 Sig. diff 1 & 3
Lh(t) -1.250 .107 2&3
L-R Oc. 4 (67% of AP) 4.5039 .0133
Rh(t) .838 .704
Rhil(t) .250 .082 Sig. diff 1 & 3
Lh(t) -2.063 977 2&3
L-R T-P 2 (60% of AP) 4.7542 .0106
Rh(t) .235 .503
Rhi(t) -0.625 .516 Sig. diff 1 & 3
Lh(t) -2.500 .898
Console data L-R difference scores
L-R Dif. Oc. 1 (90% of AP) 4.0645 .0216
Rh(c) 1.3673 773
Rhi(c) 5.0714 .293 Sig. diff 2 & 3,
Lh(c) 1667 672 2&1
L-R Dif. Oc. 2 (80% of AP) 6.6547 .0023
Rh(c) 1.3878 .388
Rhil(c) 5.1429 .325 Sig. diff 2 & 3,
Lh(c) 1667 .061 2&1
L-R Dif. Oc. 3 (75% of AP) 3.3845 .0399
Rh(c) .8980 .601
Rhi(c) 3.5714 .031 Sig. diff 2 & 1
Lh(c) .5000 .728
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comparisons, and Rhi(t) was significantly smaller than Lh(t) in two
of the three comparisons. Rh(t) and Rhl(t) were not significantly
different from each other. Both ratic and difference measuires
indicated significant between-group differences in the posterior half
of the CT slice studied. Rh(t) ratios and difference scores ranged from
levels signifying a left hemisphere larger than the right to relative
equality between the hemispheres. Lh(t) ratios in the significant
comparisons ran in the opposite direction, with right sides larger
than the left. The anterior half of the slice did not show the same
interaction between left and right measures.

Console data pointed in different directions from trace data.
Intergroup variability in the hemispheres was more prominent on
the left side in the console and on the right in the trace data. In
addition, the variability that was noted was in a different location in
the first two of the five left-posterior measures (OC1, 90%, and OC2,
80% of AP). The leading group in this case was Rhl(c), presenting
with a larger left width than that of Rh(c). Two ANOVA’s by L+R
(oc1, 90%, and OC2, 80% of AP) ratio were significant, with Rhl(c)
exceeding both Rh(c) and Lh(c) in left-side magnitude in relation to
right. All three handedness groups were represented with ratios
greater than one at both the 90% and 80% levels, indicating a range
from near equality of the hemispheres to a larger left side. Difference
Scores x Handedness group ANOVA outcomes in the console set were
consistent with the other results, with significant F ratios at 30%,

80%, and 75% of AP.
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Relations Between Measurements
i the Bazac Bral

Pearson product moment correlation coefficients were computed
between all 11 L+R ratios in the trace and console data. This was
done in order to study the extent to which these measures were
related to each other. For the trace data set (N=108) correlations
between adjacent pairs of measures in the posterior half of the CT
slice were: OC1 (90%)/0C2 (80%)= .69 (p= .000), OC2/0C3 (75%)= .82 (p=
.000), OC3/0C4 (67%)= .79 (p= .000), and OC4/TP2 (60%)= .82 (p= .000).
The same four pairs in Rhl(t) were also highly correlated, as
follows: OC1(90%)/0C2= .77 (p= .000), OC2/OC3= .77 (p= .000), OC3/OC4=
.72 (p= .000), and OC4/TP2= .84 (p= .000). Both Rhl(t) (n= 24) and
Lh(t) (n= 16) show a reduction in the OC1 and OC2 correlation, with
Rhi(t) showing .51 (p= .005) and Lh(t) showing .62 (p= .004) for that
pair. The other pairs in Rhl(t) were also quite high, with
0C2/0C3= .88 (p= .000), OC3/0OC4= .86 (p= .000), and OC4/TP2= .71 (p=
.000). The Lh(t) correlation coefficient values for these pairs of ratios
were O0C2/0C3=.89 (p= .000), OC3/0C4= .87 (p= .000), and OC4/TP2= .685
(p= .001). All these correlations are significant beyond the a= .01 level
despite the impact of sample size on the probability of chance results
of the same magnitude. Tables 10 through 17 depict correlations for
the console and trace data sets and the handedness groups.

Examining the other pairs of correlations derived from the L+R
ratios of trace data revealed that all of the measurements on the
diagonal were significantly correlated in the trace set and in
handedness Rh(t). The relations between adjacent measures in the

upper temporal/parietal (TP4, 40%) and frontal (Fri-4, 33, 25, 20, and
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Table 10

OC1 OC2 OC3 OC4 TP2 TP3 TP4 FR1 FR2 FR3 FR4

oC1 .66 .52 =14 =13 =28 =266
= .000 .000 .069 091 001 .003

oc2 .69 .76 =
P= .000 .000 .036

OC3 .82 .58 ~
P= .000 .000 .003

OC4 A9 -, 11
= .000 .133

TP2 .82

P= .000

TP3 .64

P= .000

TP4 .45

FR1 .69

P= .000

FR2 62

FR3 .50
B .000

FR4 31
p= 000
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Table 11

OC1 OC2 OC3 ©OC4 TP2 TP3 TP4 FR1 FR2 FR3 FR4
OC1 .64 .48 -.11 =10 -.40 -.34
P= .000 .000 191 218 000  .003

oCz2 77 2 - 3D
P= .000 .000 .002

OC3 17 .51 -, 92
P= .000 .000 .003

0C4 2 -.20
P= .000 .052

TP2 .84 =, 13
P= .000 . 142

TP3 625

P= .000

TP4 .405

P= .000

FR1 : 19

P= .000

FR2 e

P= .000

FR3 .50
P= .000

FR4 29
= .003




72

Table 12

OC1 OC2 OC3 O0C4 TP2 TP3 TP4 FR1 FR2 FR3 FR4

OC1 T2 61 -4 -39 -.3530 -.32
P= 000 .001 022 031 .080 .063

oc2 .51 7 AT
= .005 .000 .202

OC3 .88 .56 o |
P= .000 .001 165

OC4 .86 =02
= .000 467

TP2 Tk a1
P= .000 .189

TP .65

P= .000

TP4 .54
= .003

FR1 .38
= .035

FR2 .18
= .205

FR3 .52
n .004

FR4 .65
= .000
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(=] <

onff

73

~ b4

oC1 0©OC2

.62
.004

.89
.000

OC3

.63
.003

.87
.000

OC4

.47
.028

A2
.000

.685
.001

TP2

. 705
.001

.13
.001

TP3

.66
.003

TP4

.36
.077

B £
.001

FR1

.14
.292

221
.209

.39
.067

FR2

.005
.493

=.18
. 246

.46
.035

FR3

.18
. 247

D2
.105

.07
.400

FR4

=, 10
.345




Table 14
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oC2 .69
P= .000

.18
.000

.49
.000

.000

.50
.000

~32
.004

TP2 TP3
.46
.000
.39
.000
.20
.053

TP4 FR1 FR2 FR3
-.06 -.16 -.28
.329 .086 .009

-, 22
.037
-.15
114
.10
.208

01

.465

)

.000
-1}

.005
.34
.002
sk

.005

FR4

-.33
.003




Table 15

(8]

75

oC1

.74
.000

0C2

.74
.000

OC3

.53
.000

.57
.000

OC4

.65
.000

.59
.000

.33
.011

P2 TP3

.44
.001

.43
.001

19
.098

TP4

+98
.004

FR1

.07
.325

.16
1357

29
LT3

FR2

-.12
.210

o
.195

.32
011

FR3

.32
.011

-.26
037

.33
11

FR4

—,98
.004
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Table 16

-~ = 44 -~ i3 ¢+ + { wméd MNadima

OC1 OC2 OC3 OC4 TP2 TP3 TP4 FR1 FR2 FR3 FR4

OC1 .28 ~.28 =47 =.36 .26
P= .167 .161 045 .105 .188

ocz2 .20 211 .06
= .241 .348 .419

OC3 .18 .70 -.07
P= .000 .002 .402

OC4 .008 -.10
P= .490 .363

TP2 .04
P= .452

TP3 .45
P= .053

TP4 .26
= .184

FR1 .45

FR2 .66
P= .005

FR3 .50
- .035

FR4 .28
= 169
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Table 17

OCl1 OC2 OC3 0OC4 TP2 TP3 TP4 FR1 FR2 FR3 FR4

OC1 .65 .06 .07 i SRR
= .081 .455  .449 057 .038

oCc2 .58 .69 .49
P= 112 .062 162

OC3 91 .38 -.50
P= .006 .226 . 156

OC4 .65 =10
P= .080 .425

TP2 .78
P= .034

TP3 =.79

TP4 -, 81
P= .149

FR1 -.14
p= .393

FR2 -.66
P= .079

FR3 .16
p= .379

FR4 -.36
P= .243
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10%) appeared to be more variable than those of the posterior portion
of the slice studied. This was especially true in Rhl(t) and Lh(t),
where Fr1/Fr2 were correlated with an » of .18 in Rhl(t) and .39 in
Lh(t). Neither of these correlations were significant at an a of .05.
Correlations for the trace set and Rh(t) on the Fri/Fr2 pairs were .62
and .71, respectively, and significant beyond an a of .01. Fr2/Fr3
were positively correlated in all three groups and the trace set as
follows: For the trace set and Rh(t) Fr2/Fr3= .50 (p= .000), Rhi(t)=
.52 (p= .004), and Lh(t)= .46 (p= .035). Finally, the correlation
between the last pair, Fr3/Fr4, ranged from .31 and .33 (p=.000 and
.003) in the trace set and Rh(t) to .65 in Rhl(t) and .07 in Lh(t)
(p=.000 and .400).

Across groups in the trace data, the pairs of adjacent ratios in the
posterior half of the brain slice studied were fairly strongly and
consistently correlated—especially the 0C2/0C3, OC3/0C4, and OC4/TP2
pairs. While many other significant correlations were notable, the
between measure level correlations were more variable between the
anterior measures of the brain. This was most true in Rhi(t) and
Lh(t), even allowing for the impact of sample size on the significance
of given correlations.

In the console data set, the problem of sample size and statistical
significance was, of course, compounded. However, the results
differed in other respects as well. For the entire console data set (n=
69), correlations between adjacent pairs in the posterior half of the
slice were greater than zero. The correlations for the pairs were as

follows: OC1/0C2= .69 (p= .000), OC2/0C3= .78 (p= .000), OC3/OC4= .49
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(p= .000), and OC4/TP2= .32 (p= .004). The same four pairs in Rh(c)

(n
0C3/0C4= .57 (p= .000), and OC4/TP2= .33 (p= .011). Rhl(c) and Lh(c)

49) were: OC1/0C2= .74 (p= .000), OC2/0C3= .74 (p= .000),

both showed the impact of smaller sample size and possible other
factors in the four occipital temporal/parietal pairs. For Rhl(c) (n=
14), the correlations were: OC1/0C2= .20 (p= .241), 0C2/0C3= .78 (p=
.000), OC3/0C4= .008 (p= .490), and OC4/TP2= .04 (p= .452). Even
allowing for a small 2z, these results differ considerably from those
of the Rhl trace data results. The console subset of Lh(c), with six
subjects, was arguably too small for meaningful analysis at this
level. However, for comparison’s sake, the »’s from the four pairs
of measurements from the group three console data are: OC1/0C2= .58
(p= .112), 0C2/0C3= .91 (p= .006), OC3/0C4= .65 (p= .080), and
OC4/TP2= .78 (p= .034).

Turning attention to the upper-temporal parietal and frontal
ratios, the console subset and Rh(c) ratios were greater than zero
and significant, as shown here: TP4/Fri= .39 (p= .000) Fri1/Fr2= .31
(p= .005), Fr2/Fr3=.34 (p= .002), and Fr3/Fr4= .31 (p= .005). Rh(c)
frontal pairs were also greater than zero and significant, as follows:
TP4/Fri= .38 (p= .004) Fr1/Fr2= .29 (p= .011), Fr2/Fr3= .32 (p=.011),
and Fr3/Fr4= .33 (p= .011). While these correlations were positive and
significant for the console set and Rh(c) console data, they illustrated
weaker overall relations between adjacent measures. In Rhl(c), two
of the four correlations were significant and the rest were
nonsignificant despite being of comparable magnitude to those cited
above: TP4/Fri= .45 (p= .054) Fr1/Fr2= .66 (p= .005), Fr2/Fr3=.50

(p=.035), and Fr3/Fr4= .28 (p= .169). In Lh(c), none of the anterior
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correlations were significant, and all were less than zero with the
exception of the Fr2/Fr3 pair (- = .16). The only significant
correlation on the diagonal ocutside of the four occipital and occipital
temporal/parietal pairs already reported was at TP2/TP3 (50%)= -.79
(p= .034), of equal magnitude but opposite sign to the previous pair,
OC4/TP2.

It seems reasonable to suggest at this point that there are
important differences between intermeasurement relations by
measurement method (trace and console). To a lesser extent, the
handedness groups in the trace data set appear to hawve differences in
intermeasurement correlation that are most marked when the
posterior and anterior correlations are compared. The posterior
correlations are generally higher than the anterior correlations and
nearer to each other in magnitude, while the anterior correlations
are generally smaller in magnitude and more variable [most notably
in Rhi(t) and Lh(t)].

Last to be mentioned in this section on intermeasurement
correlations is a small inverse relation between the posterior and
anterior measurements. As diagrammed in the upper right-hand
corner of Tables 9 through 16, OC1/Fr4, OC2/Fr3, and OC3/Fr2 in the
entire trace set and Rh(t) show this inverse relation. The magnitudes
of the correlations range from -.265 to -.17 in the entire trace set
and -.35 to -.32 in Rh(t). This relation is not present in Rhl(t) and
Lh(t) to the same degree and is not significant. The console data are

also inconsistent in this area.



81
Differences in Frequencies of Asymmetry by Handedness

Chi-square tests were performed on both data sets in order to
determine if neuroanatomical asymmetries as expressed in L-R
differences were differentially distributed by handedness category.
Much of the research in the area of neuroanatomical asymmetry is
carried out in terms of categorical definitions of asymmetry (see
LeMay, 1977) and employed chi-square as the major method of
analysis. In this study, the use of chi-square was partly to see to
what extent the findings of other studies might be replicated.
Asymmetries were defined as any L-R difference greater or less than
+1.00 millimeter. Less stringent criteria did not necessarily result in
more significant findings but did vield a different pattern of resuilts.

Chi-squares conducted on the trace data showed similar per-
centages when compared to other studies in this area. Significant x2
coefficients were obtained at the 75%, 67%, and 60% points of AP. The

percentages of asymmetries at the 75% AP point appear in Table 18.

Table 18

Chi-Square Frequencies of Asvmimetry in the Handedness Groups, 75%

of AP (Trace)

Measurement point: 75%

# of cases per cell Handedness Groups

Column X Rh Rhl Lk
Left side 42 13 4
greater 61.8 54.2 25.0
Right side 8 5 8
greater 11.8 20.8 50.0
Both sides 18 6 4
equal 26.%5 25.0 25.0
x2 Value = 12.99580 df = 4 p = .01130
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Figures 15, 17, and 19 illustrate graphically the distributions of
left and right asymmetries for each AP point in the three handedness
groups for trace data. Figures 16, 18, and 20 illustrate the distri-
butions of brains with left and right hemispheres of equal width.

Rh(t) is distributed in a similar fashion to the above at AP points
90% and 80%. What is probably of equal interest in the above table is
the trend of the left-handed group in the opposite direction.
Measurement point 67% appears to display a continuation of this
trend, with Rh(t) chiefly represented in the first and third categories

and Lh(t) represented in the second and third categories in Table 19.

Table 19

Chi-Square Frequencies of Asymmetry in the Handedness Groups, 67%
of AP (Trace)

Measurement point: 67%

* of cases per cell Handedness Groups

Column % Rh Rhl Lh
Left side 31 10 2
greater 45.6 41.7 12.5
Right side 13 8 10
greater 19.1 33.3 62.5
Both sides 24 6 4
equal 35.3 25.0 25.0
x2 Value = 13.15895 df = 4 p = .01052

The Rh(t) and Rhil(t) subjects did not show marked or systematic
departures from random representation in the asymmetry categories
for a number of the measurement points from the temporal parietal
to the frontal area. The next significant chi-square array, at 60% of
AP is reproduced in Table 20. Noting the percentage of Lh(t) subjects
in the right-size-larger category at this level and at level 67% and

simultaneously noting the mean L-R difference scores reported at 67%
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Figure 15. Percentages of asymmetries for right-handed subjects,

trace data.
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Figure 16. Percentages of symmetrical difference measures for right-

handed subjects, trace data.
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Figure 17. Percentages of left and right asymmetries for right-handed

with left-handed relatives, trace data.
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Figure 18. Percentages of symmetrical difference measures for right-

handed with left-handed relatives, trace data.
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Figure 19. Percentages of left and right asymmetries for left-handed

subjects, trace data.
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Figure 20. Percentages of symmetrical difference measures for left-

handed subjects, trace data.
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Table 20

~nE -

Measurement point: 60%

* of cases per cell Handedness groups

Column X Rh Rhl Lh
Left side 26 6 1!
greater 38.2 25.0 6.3
Right side 15 8 9
greater 22.1 33.3 56.3
Both sides 27 10 6
equal 39.7 41.7 37.5
x2 Value = 9.94402 df = 4 p = .04138

and 60% AP points in Table 9, one could speculate that it is the right-
hemisphere measurements of Lh(t) that are defining the
asymmetries at these levels of measurement. In other words, what
is occurring at these percentages of brain length appears toc be a
right-hemisphere asymmetry in the left-handed group. In
subsequent chi-square Tables, a movement of the percentages is
visible in Rh(t) and Rhi(t), culminating in the pattern observed at AP

point 20% (Table 21).

Table 21

Measurement point: 20%

* of cases per cell Handedness Groups

Column X Rh Rhl Lh
Left side 15 6 3
greater 22.1 25.0 18.8
Right side 34 12 5
greater 50.0 50.0 31.3
Both sides 19 6 8
equal 27.9 25.0 60.0

x2 Value = 3.55999 df = 4 p = .46882
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Due to the fact that the Rhl subjects (in trace data) frequently
appeared to fall between the Rh(t) and Lh(t) subjects in terms of
being less different from the former and insignificantly different
from the latter, it was decided to rerun the chi-square analysis
using only the Rh(t) and Lh(t) subjects. Because of the intermediate
position of the Rhl(t) percentages, it was thought that the Rhil(t)
percentages of asymmetries could possibly be obscuring significant
differences between Rh(t) and Lh(t). The new analysis, using only
the right- and left-handed subjects, did not result in any new
findings of significantly different frequencies. The p values already
observed were enhanced (the comparisons at 75%, 67%, and 60% all
having p wvalues beyond .01), and the comparisons at 80% and 10% of
the AP measure moved closer to (but did not surpass) the a ievel of
.05.

The constraints imposed on the usefulness of chi-square and other
nonparametric tests is a matter of record (Loftus & Loftus, 1982).
Although the percentages found at the occipital measurement points
are comparable to those found in other studies (most notably LeMay,
1977 and LeMay & Kido, 1978), the smaller 2z in the present study
limits the ability of the procedure to discriminate between the
distributions of asymmetries across the handedness groups.
Therefore, caution is advised drawing conclusions about the observed
distributions of asymmetries.

In the console data, only one x? coefficient exceeded the .05 level.
This occurred at the 10% of AP point, the outermost measure of the

frontal area (See Table 22). In view of the lack of agreement between
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console and trace data sets and the special problems with the small

2z of Lh in the console set, this discussion will be somewhat more
limited than the foregoing. Consistent with the earlier leading role of
the Rhil(c) ratios and difference scores in defining the ANOVA results
in the 90%, 80%, and 75% occipital ratios, the Rhl(c) chi-square arrays

reveal that 85.7% (12) of the 14 Rhl(c) subjects fall in the left side

Table 22

Measurement point: 10%

* of cases per cell Handedness Groups

Column % Rh Rhl Lh
Left side 8 1 1
greater 16.3 7.1 16.7
Right side 38 12 2
greater 77.6 85.7 33.3
Both sides 3 1 3
equal 6.1 7.1 50.0
x2 Value = 12.59197 df = 4 p = .01345

greater category. The Rh(c) data falls into percentages resembling
those assumed by the Rh(t) trace subjects, but to a less marked
degree, as illustrated in Table 23. Given the smaller sample size and
the contradictory results reported with the console data set, the
cautions reported in the impressionistic interpretation of the trace
chi-square arrays apply even more strongly to the console chi-

square results.
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Table 23

Measurement point: 80%

* of cases per cell Handedness Groups

Column X Rh Rhl Lh
Left side 30 12 4
greater 61.2 85.7 66.7
Right side 16 1 2
greater 32.7 7.1 33.3
Both sides 3 1 0
equal 6.1 7.1 0.0
x2 Value = 4.03370 df = 4 p = .40146

Despite the lack of significance, the graphs of the percentages of
asymmetries (Figures 21, 23, & 25) show some of the same trends in
changes between left and right asymmetries for the right-handed
groups. Figures 22, 24, and 26 refer to proportions of brains that lack

significant differences between the hemispheres.
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Figure 21. Percentages of left and right asymmetries for right-handed

subjects, console data.
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Figure 22. Percentages of symmetrical difference measures for right-

handed subjects, console data.
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Pigure 23. Percentages of left and right asymmetries for right-handed

with left-handed relatives, console data.
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Figure 24. Percentages of symmetrical difference measures for right-

handed with left-handed relatives, console data.
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Figure 25. Percentages of left and right asymmetries for left-handed

subjects, console data.
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Figure 26. Percentages of symmetrical difference measures for left-

handed subjects, console data.
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Interactions Between Asymmetries at Anterior and Posterior
Points of Opposite Hemispheres

To study the relation between asymmetries at the anterior and
posterior regions of different hemispheres, subjects were categorized
by combinations of asymmetries of given regions. Occipital
asymmetries (L-R differences at 90%, 80%, and 75%) were combined
into a single variable indicating asymmetry in the occipital lobe and
the frontal measures (L-R differences at 25, 20, 10%) into a variable
indicating asymmetry of the frontal lobe. The sum of occipital
differences (SOCD) and sum of frontal differences (SFRD) were then
used to assign brains into categories where particular combinations of
asymmetries were observed. These categories are as follows:

1. Left > Right occipital/ Right > Left frontal (torque)
2. R > L occipital/L > R frontal (reversed torque)

3. L > R (L hemisphere larger in those 2 areas)

4. L occipital > R occipital/ L = R frontal

< R (R hemisphere larger in those 2 areas)

v

L occipital/ L = R frontal

R occipital/ L < R frontal

R occipital/ L > R frontal

=
2 A S T o
"

= R occipital/L = R frontal (both hemispheres equal in these

Type 1, where the left occipital and the right frontal lobes are
larger, corresponds to the configuration that LeMay (1977) originally
defined as tarque. Other patterns include right occipital and left

frontal larger (Type 2), a reversal of the putative average dominant
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pattern and the type to be studied as a contrast to the first.
Symmetrical (left and right occipital and frontal lobes equal) and all
other possible combinations were cross tabulated in a chi-square
procedure and then grouped together into a global third category to
avoid relying on an analysis in which the brains were divided into
too many small groups. In a similar manner, the left-right
differences at 67 and 60% of AP were combined into SPT (sum of
posterior temporal), and the differences at 40 and 33% of AP were
summed to make SFT (sum of frontal temporal) and used to perform
a chi-square analysis to examine relations between the two areas of
the brain that subserwve different aspects of speech.

The results of the chi-square of the nine combinations of
occipital/frontal asymmetries of the two hemispheres indicated that
Type 1 is the leading pattern of asymmetry. This pattern was seen in
31, or 45.6%, of all right-handed subjects (right-handers with left-
handed relatives were not included in this analysis). The next most
common pattern is left occipital and left frontal wider (Type 3),
characterizing 9, or 13.2%, of the right-handed subjects. None of the
other patterns exceed 10% of the sample. The left-handed subjects are
relatively evenly spread over five of the nine categories of
asymmetry, and the remaining four categories being empty. Type 1
in the left-handed group accounts for 4, or 25%, of the subjects, and
Type 5, right occipital and right frontal larger, is the pattern
accounting for another 25% of the subjects; the remaining 8 subjects
are spread more or less evenly among the other three categories. The

chi-square is not significant. Types 3 through 9 were collapsed into
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