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Introduction
It is frequently claimed that women and left handers have a more bilateral
organization for language and reduced brain asymmetry compared to men. Experimental
support for these claims has been mixed (Paus et al 1996; Yucel et al 2001; Huster et al
(2007). Positive findings are less often seen in large scale studies (Watkins et al 2001;
Good et al 2001).
The current study, part of the Biological Substrates for Language Project,
affords the opportunity to explore this issue in another large-scale. For the current study,
medial frontal and perisylvian structures were measured in 100 men and 100 women
whose behavioral asymmetry had been assessed with the split visual field procedure
investigation (Chiarello et al (2009). Hand preference was measured with a 5 activity
scale (Bryden 1982) . Using the procedure of Christman et al (2007), individuals were
classified as consistent handers if they performed all five activities with the same hand. All
others (n = 97) were classified as mixed handers. Five of the consistent handers wrote
with their left hand, 23 of the mixed handers wrote with their left hand.
A previous study on this sample (Welcome et al 2009) found a significant
interaction between consistency of hand preference and sex in the relation between brain
structure and behavioral asymmetry. Mixed handed women showed a positive relation
between the area of the corpus callosum and visual field asymmetry while consistent
handed men showed a negative relationship.
In the present study we used discriminant analysis to compare the ability of
brain measures to successfully classify hemispheres as left or right. We asked whether
the sensitivity of these measures differed as a function of sex and hand preference.

Method
PARTICIPANTS:
• 100 male, 100 female native English speakers
• 18-34 years of age

GENERAL PROCEDURES:
• Volumetric MRI scans (1.2 mm thick sagittal images) on 1.5 GE Scanner
• Brain tissue extracted, reoriented, and segmented into isometric voxels with FSL
software http://www.fmrib.ox.ac.uk/
• Surface and volume measurements made with scripts written in PVWave http://
www.vni.com/ (Leonard et al 2008).
•Analyses were conducted with PC-SAS (SAS Institute, Cary NC).
BRAIN MEASURES ENTERED INTO INTIAL DISCRIMINANT ANALYSIS:
• Total hemispheric gray and white matter volume
• Volumes of pre and post genual cingulate and paracingulate grey matter.
Compartments were defined by vertical planes anterior to the genu of the corpus
callosum and vertical and horizontal planes through the anterior commissure (AC).
• Average length, planum temporale (PT), planum parietale (PAR) & Heschl’s gyrus
(HG). PT and PAR were measured on all images that were located between 68 and
81% of the distance to the lateral surface. HG was measured on images that were
located between 50 and 68% of this distance.

Results
DISCRIMINANT ANALYSIS IN FULL SAMPLE

EFFECT OF SEX AND HAND PREFERENCE CONSISTENCY

Results of discriminant analysis using nine brain measures to classify
hemispheres as left or right. Five measures contributed significantly
to successful classification (p < .0001). 78% of the left hemispheres
and 76% of the right hemispheres were successfully classified.

Results of discriminant analysis using five brain measures to classify
hemispheres as left or right. All four analyses were significant (p <
0001). In mixed handed women, the group that theory would predict to
be least lateralized, all five measures discriminated between the
hemispheres. By contrast, in men, neither medial frontal measure
(paracingulate and cingulate cortex) was sensitive to hemisphere.
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The five measures that contributed significant variance to
classification in the full sample are listed below.
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Examples of hemispheres with high posterior
probabilities of correct classification.

.62

Left: Relatively short
Right: Relatively long
PC: Postgenual paracingulate cortex
Left: Prominent
Right: Absent (indicated by parentheses)
PRE: Pregenual cingulate cortex
Left: Thin
Right: Thick
PT: Planum temporale
Left: Relatively long
Right: Relatively short
Heschl’s gyrus (measured more medially)
Left: Relatively large
Right: Relatively small

Discussion
Women and individuals with mixed hand preference did not exhibit evidence for weak
hemisphere lateralization. In fact, women with mixed hand preference were the only group in which
both medial frontal measures contributed significantly to successful hemisphere classification.
Surprisingly, and in contradiction of a substantial literature, the paracingulate cortex did not show
evidence of asymmetry in men. Removing left handers from the analysis did not change the results.
The forces that govern the development of these robust and easily visible cortical asymmetries
are not understood. It appears that easily measured dimensions such as sex and handedness (or
even extreme behavioral pathology such as schizophrenia (Leonard et al 2008)) cannot explain the
diversity of cortical organization found in large samples. Small sample studies that produce
associations that appear to support theoretical preconceptions (e.g., weaker female lateralization)
are rarely replicated in large sample studies. A multivariate approach, in which the effects of multiple
cortical regions are assessed, may yield greater insight into individual differences than continuing to
focus on dimensions in isolation or comparisons between behaviorally defined groups.
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