Brain (1999),122, 199208

Language processing is strongly left lateralized in
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Evidence from functional MRI

Julie A. Frostt Jeffrey R. Bindet;? Jane A. Springet,Thomas A. Hammekg,
Patrick S.F. Bellgowah,Stephen M. Rak? and Robert W. Cok

Departments ofNeurology,2Cellular Biology and Anatomy Correspondence to: Jeffrey R. Binder, MD, Department of
and 3Biophysics Research Institute, Medical College of Neurology, Medical College of Wisconsin, 9200 West
Wisconsin, Milwaukee, Wisconsin, USA Wisconsin Avenue, Milwaukee, W1 53226, USA

E-mail: jbinder@post.its.mcw.edu

Summary

Functional MRI (fMRI) was used to examine gender tests for group differences in overall activation patterns
effects on brain activation during a language comprehen- demonstrated no significant differences between women
sion task. A large number of subjects (50 women and 50 and men. In further analyses, group differences were
men) was studied to maximize the statistical power to examined by region of interest and by hemisphere. No
detect subtle differences between the sexes. To estimate differences were found between the sexes in lateralization
the specificity of findings related to sex differences, parallel of activity in any region of interest or in intrahemispheric
analyses were performed on two groups of randomly cortical activation patterns. These data argue against
assigned subjects. Men and women showed very similar, substantive differences between men and women in the
strongly left lateralized activation patterns. Voxel-wise large-scale neural organization of language processes.
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Abbreviations: fMRI = functional MRI; MANOVA = multivariate analysis of variance

Introduction

Numerous studies report that women, on average, have One possibility is that sex-related differences exist at
slightly better verbal skills than men. Although the magnitudea microscopic level, involving differences in connectivity,
of this sex difference is small when all language measureaeuronal density or synaptic efficiency. Such factors could
are combined, tests of speech production and verbal fluencccount for ability differences even in the absence of large-
show clear differences favouring women (for a review, seecale differences in functional organization. This hypothesis
Halpern, 1992). Sex differences on language tasks involvings supported by a recent finding of sex differences in neuronal
vocabulary, verbal analogies and reading comprehension aggnsity in brain regions thought to be involved in language
less consistent and may vary with age (Hyde and Linn, 1988 ¢(ion (witelsoret al., 1995). Indirect support comes from

Clalrke gt al.t, 1990).tSetve_raI Sltl_Jd'eS even hshovyed "’]} Sl'gt:‘aﬁeveral other sources, including gross morphometric, lesion,
male advantage on tests involving comprenension of Verbgjapayigyral and functional mapping studies that show no

analogies (Hyde and Linn, 1988). evidence for sex differences in large-scale organization or

These small sex-related differences in ability have led t emispheric lateralization of language functions (Beisil
a great deal of interest in understanding their neurophysio- P guag "

logical basis. One unresolved question is whether sex-relatetf /% D€ Ren.ziet aI'., 1980; Kertesz. and Sheppard, 19_81;
differences in brain function arise from genetic/hormonal<ertesz, 1982; Warringtoat al, 1986; Kertes2t al, 1987;

sources, from environmental influences or from some interOPPenheimet al, 1987; Simon and Sussman, 1987; Byne
action of these factors (Maccoby and Jacklin, 1974; Halperr€t al, 1988; Damasiet al., 1989; Kertesz and Benke, 1989;
1992). Apart from this ‘nature versus nurture’ question,Seth-Smithet al, 1989; Allen et al, 1991; Ashton and
however, is the more tractable problem of characterizing an#/IcFarland, 1991; Habilet al, 1991; Aboitizet al, 1992;
quantifying the neurophysiological differences themselvesBuckneret al., 1995; Priceet al, 1996; Jancket al., 1997).

At least three types of sex-related neurophysiological differin two recent PET studies, for example, no significant
ences are possible and could exist in various combinationsdifferences between men and women were shown on func-
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tional activation maps produced during various languagé&hese results suggest that men and women differ both in
tasks (Buckneet al., 1995; Priceet al, 1996). One of these terms of lateralization of language processes and in the
negative studies employed a word stem completion task whictiegree of overlap between phonological and lexical-semantic
was compared with visual fixation, and a verb generation taskystems. Women and men typically do not show substantive
which was compared with noun reading (Buckretral,  behavioural differences in lexical-semantic processing
1995). In this study verbal fluency processes that shoulgHalpern, 1992), and no performance differences between
maximally distinguish between women and men were thusexes were observed by Pughal (1996) on any of the
engaged (Halpern, 1992). tasks used. These findings thus suggest that men and women
A second possibility (not exclusive of the first) is that carry out identical language processes with the same degree
macroscopic differences in brain morphology, intra-of functional capacity using very differently organized
hemispheric topography or interhemispheric lateralizatiorprain systems.
contribute to sex differences in verbal abilities. In contrast To confirm the findings of Puglet al. (1996), and to
to the previously cited research, a number of studies reportegddress the continuing uncertainty over whether large-scale
sex-related differences in regional brain size (Witelson, 1989s€X differences in language organization exist, we designed
Steinmetzt al, 1992; Witelson and Kigar, 1992; Clarke and the present fMRI study of sex effects on functional activation
Zaidel, 1994; Kulynychet al, 1994; Harastyet al, 1997), during a language task that requires subjects to determine if
patterns of aphasia after brain lesion (Lansdell, 1962; Lansdefleard words belong to specified semantic categories. This
and Urbach, 1965: McGlone, 1977, 1978: Kimura, 1983:task was contrasted with a non-linguistic auditory control
Butler, 1984), and language lateralization determined by nont@sk. This task combination results in reproducible left-
invasive techniques (Kinsbourne and Cook, 1971; Lake antteralized activation in healthy right-handers (Binderl.,
Bryden, 1976; McGlone, 1980; Lewis and Christiansen,1997) and produces language lateralization patterns that are
1989; Shaywitzt al., 1995). In contrast to the two negative strongly Correlated W?th Ianguage Iaterglization results from
PET studies, Shaywitet al. (1995) reported large sex the Wada test in epilepsy patients (Binder al, 199).
differences in lateralization of activation using functional This task combination, which contrasts an auditory lexical—-
MRI (fMRI) during a phonological processing task in which sgmantlc task with a non-linguistic contr(_JI, is _conce_ptually
subjects determined whether two printed non-words rhymeSimilar to the Pughet al. (1996) comparison in which a
When this task was compared with non-linguistic visualVisu@l lexical-semantic task was contrasted with a non-
control tasks involving consonant letter string matching!inguistic line orientation task. Because this comparison
and line orientation matching, women showed symmetrioorOduced_ significant sex differences in brain activation
activation of the frontal lobes during the phonological task,Palterns in the Puglet al. (1996) study, it was expected
whereas men showed left-lateralized activation. Interpretinéhat such differences would be observed in the present
|

the observed activation as indicative of phonologica nvestigatior). .
By including a larger number of subjects (50 men and

processing, the authors suggested that women and m % than | . functional i : tudi
have differently organized phonological systems, possibl women) an in previous functional imaging studies, we
oped to attain greater statistical power to detect subtle

accounting for sex differences observed in some studies i . tvati it bet d
phonological processing (Lukateéd al., 1986). AI er?:cer? mfac ItYri I(t)irr]1 pf:] ems iﬁ \;\tleer; Wowz?]d?: mvsn.
A third possibility is that there are large-scale sex S & means ol estimating the Speciiicity ot suc gs, we
glso employed a randomization control procedure whereby

differences in the neural organization of language that ar .
. ) : eoaraIIeI analyses were performed on two randomly assigned
unrelated to behavioural capacity. In a more extensiv

description of the Shaywitet al. (1995) fMRI study, Pugh groups of subjects. Activations were compared between

et al (1996) reported that men and women show Iargegroups on a voxel-wise basis to detect focal differences in

. . o . . activation across the entire brain. Group differences were
differences in activation across a variety of different IanguageI : : db . fi d by hemisoh
tasks and task comparisons. Sex effects were measured duri‘ﬁ1 7° mv_estlgaFe y region o Interest an 1 Dy hemisphere. In

) Ode region of interest analysis an anatomically based method

the phonological and consonant letter string matching task o : ; :
used by Shaywitet al (1995) as well as during a lexical— for determining regions identical to that of Pughal. (1996)

:)elclzngec(ij t?l ttheksam%.setr.nantlc cateﬁory. dFor aItI lalngt;’vagc?ependent measures. In a second region of interest analysis
asks and afl task combinations, men snowed greater 1€ arI‘Emctionally defined regions and average activation magnitude

asymmetry of ac.tlvat.|on in the frontal lobe com.pa.red W'thvalues in each region of interest were used as the dependent
women. That this difference showed no specificity for ameasures.

particular task suggests that it may represent a general effect

of sex on many language processing components. Men in

this study showed increased activation in bilateral visuaMaterial and methods

association and temporal lobe regions during the lexical-Subjects

semantic task compared with the phonological task, whereaSubjects were 100 consecutively encountered, healthy, native
women activated these areas equally during the two task&nglish speakers who indicated right-handed preferences
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Table 1 Summary of demographic data (meanSD) monitoring task was calculated as the percentage of trials on
Age Education Handedness which subjects responded correctly.
Men 23.78+ 3.79 15.48+ 2.81 79.50+ 19.81

Image processing and voxel-wise analyses

An automated alignment program was used to minimize
possible artefacts due to head motion (Cox, H)96nages

) . ] five through to 100 were registered to image four, and only
(laterality quotient>50) on the Edinburgh Handedness ihese final 96 images were used in further analyses. For each

Inventory (Oldfield, 1971). There were 50 men and S0gpiject, differences in the MRI signal between semantic
women, matched on age, education and handedness SCOrggynitoring and intervening tone monitoring epochs were

Means and standard deviations are given in Table 1. Subject$cylated on a voxel-wise basis for each activation cycle,

were recruited from classes at local universities and vigsing the last four images of each semantic monitoring and
advgrtlsements in local newspapers. After fgll explanatlon otone monitoring epoch. Difference maps showing the mean
the risks and purposes of this study, all subjects gave writteQpso|yte difference in signal change between semantic
mformeq consent accordlng to institutional guidelines a”dmonitoring and tone monitoring, and t-maps showing the
were paid a small hourly stipend. significance of these differences assatistic, were computed
for each subject using the eight difference measurements.
Individual t-maps and difference maps were transformed into
Imaging methods standard 3D stereotaxic space, resampled to a 1 mm grid,
Scanning was performed on a 1.5 T General Electric Signand smoothed slightly with a 4 mm root mean square
scanner (Milwaukee, Wis., USA) using three-axis localGaussian filter using the MCW-AFNI software package
gradient and insertable transmit/receive radio frequency coil§Cox, 199®).
designed for whole-brain imaging. A gradient-echo echo- In order to determine the specificity of results from the
planar sequence was used for fMRI with the following sex comparisons described below, we performed parallel
parameters: TE (echo time) 40 ms, TR (repetition time¥ analyses on two pseudorandomly assigned groups comprising
4 s, FOV (field of view)= 24 cm, matrix= 64 X 64, slice equal numbers of women and men. This procedure provides
thickness= 7 mm. Seventeen to 19 contiguous sagittal slicean additional check on whether observed ‘sex’ differences
locations were imaged covering the entire brain, and 10@ould be due to other factors or to chance. This technique
time series images were obtained at each slice location durirgjso demonstrates empirically the number of significant
the scan. findings and the amount of variability expected by chance in
this sample.

Individualt-maps were averaged across subjects to produce
groupt-maps for men, women and the two random groups.
r‘\l’he average t-maps were thresholdedPat 0.0001 for
é]ualitative comparisons of group activation patterns, as

Women 22.32+ 3.99 14.70x 2.40 85.72+ 15.18

Tasks
During semantic monitoring, subjects heard spoken Englis

nouns designating animals (e.g. ‘rabbit’) and were instructe described by Bindeet al. (1997). Between-group, voxel-

to respond to animals that are both ‘found in the United . L .
) ) , ) o wise t-tests were also performed on the individual difference
States’ and ‘used by humans’. During tone monitoring, a ) .
N : maps, contrasting men with women and the two random
non-linguistic control task, subjects heard sequences of three

to seven tones in which each constituent tone was either IO\grzltjaptiSs:i\::ltsh :?CZac():tk? e\rl'oigfwfeo ern-t%?:emi%;re;rzzsﬁgur\)\?ere
(500 Hz) or high (750 Hz) in pitch. Subjects were instructed P

o o -~ “thresholded at a nomind® < 0.0001 to eliminate false
to respond to sequences containing two ‘high’ tones. Durin

. - . Lo ositive voxels in non-brain regions. A Bonferroni-corrected
eight activation cycles, semantic monitoring was performed..” ... i
o X . ... ~'significance threshold would have been more conservative,
for 24 s with intervening 24 s intervals of tone monitoring.

L ut this more lenient threshold was used to increase the
Stimuli were presented at a rate of one every 3 s, and targefs . ) .
: . . ...~ “likelihood of detecting subtle sex differences. Voxel clusters
occurred on three out of eight trials in each condition.

Responses consisted of a button press with the left hamiurvwmg this threshold that were smaller than 200

These tasks were described previously (Bineteal., 1995, gpprommately two original voxels) were e_xcluded. Effect

sizes for the between-groupdests were estimated at each
1996, 1997). . . e

. o voxel using a calculation of the effect side= 2t/sqrt(d.f.)
Performance on the semantic monitoring task was . .
calculated by comparing each response made by a ivevr\llheret is thet-test value and d.f. is the degrees of freedom
. ' oy paring P Y 8 GVEILoq in thet-test calculation (Cohen, 1988).

subject with those given by a control group of 50 normal
subjects on the same stimuli. Items responded to by controls
with a probabilityP > 0.75 were categorized as targets, andRegion of interest analyses
items responded to with a probabilitP < 0.25 were Voxel-wise comparisons allow an unbiased assessment of

categorized as distractors. Performance on the tonsex effects at each coordinate position in the brain. This
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technique may be relatively insensitive to such effectsa group activation map, the region of interest volumes were
however, because variance at a voxel level is likely tosufficiently large to ensure that the majority of activated
result mainly from random, local gyral/sulcal variations. voxels were included in each subject.
Comparisons at a regional level may improve sensitivity to For each subject, the average absolute difference value for
group differences in large-scale neuronal organization byach region of interest was calculated from the difference
minimizing sensitivity to local anatomical variability. maps by averaging the difference values for all voxels in the
The first region of interest analysis performed replicatedregion of interest. A MANOVA on the average difference
the methods of Puglet al. (1996). Stereotaxic regions of values for each of the dependent region of interest measures
interest were identified in exactly the same locations asncluded two factors: sex (male versus female) and
reported by Puglet al. (1996) using the coordinate system hemisphere (left versus right). An identical MANOVA was
of Talairach and Tournoux (1988). Rectangular regions operformed on the random groups with the following two
interest were created in the axial plane for the lateral orbitafactors: random group (group 1 versus group 2) and
gyrus (volume coordinates Ab, Bb, Bc, Cb, Cczat —8), hemisphere.
prefrontal dorsolateral region (Bc, Bd at= 8 and Bc at
z = 20), inferior frontal gyrus (Cc, Cd, Dc, Dd & = 8,

and Cc, Cd, Dc, Dd at = 20), superior temporal gyrus (Dc, Intrahemisoheric diff |
Dd atz = -8, E3c, E3d, Fc, Fd at = 8 and Fc, Fd, G¢, 11ran€MmISPREric dilference analyses

Gd atz = 20), middle temporal gyrus (Elc, E1d, E2c, EZd'So.that_groups could be cgmp.aredinte'rms of.intrghemisphelric
E3d, Fd atz = -8, Gc, Gd az = 8, and Hc atz = 20), activation patterns, relative |ntrahem|spher|(_: d|ffere_nces in
lateral extrastriate region (Hc, Ib at= —8 andz = 8, Ib at activation were calculated for each subject using the

functionally derived regions of interest. Differences in

z = 20) and medial extrastriate region (Gb, Ha, Hb, la at™" = .
z = —8, Ha, la atz = 20). Each volume was 8 mm thick activation magnitude were calculated between the prefrontal

and parallel to the line connecting anterior and posteri0|and temporal regions of interest, the prefrontal and angular

commissures, as in the Pugtal. (1996) study. The individual regions of interest, and the temporal and angular regions of
t-maps were thresholded & < 0.05, and the number of interest. MANOVAs were performed to compare men with

voxels surviving this threshold in each region of interest wagVomen, and the two random groups with each other, on each

calculated. Two two-factor multivariate analyses of varianceOf the six intrahemispheric difference values (three difference

(MANOVAS) (sex by hemisphere and random group byvalues for each hemisphere).
hemisphere) were performed to compare men with women
and the two random groups with each other at each region

of interest. Results
An alternative region of interest method using magnitudeparformance

differences and functionally Qerived regions was included {3\ omen and men did not differ significantly in performance
explore the effects of using these different methods,, giiher the semantic monitoring or tone monitoring task,
Compared with counting the number of activated voxelsand both groups performed well above chance levels. On
above a statistical threshold, magnitude difference MeasurgSa semantic monitoring task, men averaged 90.8% correct
are less sensitive to head motion, brain pulsatility and othe SD = 6.3) and women averaéed 90.4% correct (S 2)

noise sources. Functionally derived regions of interest ar n the tone monitoring task, men averaged 97.6% correct
less likely to include non-brain or non-activated brain regions(SD — 2.8) and women avera’ged 97.1% correct (S 9)
or to combine spatially contiguous but functionally distinct ' ' e

areas in the same region of interest. Functionally derived

regions of interest were identified in an average activation

map created by merging individual t-maps from an originalActivation patterns

sample of 80 subjects (40 men and 40 women). This averagéhe averaged-maps for women and men (Fig. 2, bottom 2
map was thresholded at a nominBl < 10° to create rows) were similar to each other and to those for the
several non-contiguous voxel clusters representing regionandom groups (Fig. 2, top 2 rows). For all group averages,
of relatively strong activation. Binary region of interest maskactivations were strongly left-lateralized, with large
images were created for each of these voxel clusters, includingctivations in prefrontal, temporal, angular, retrosplenial and
clusters in left prefrontal, left angular, left temporal and leftthalamocapsular regions (Bindet al., 1997). Right-sided
retrosplenial cortex, a left thalamocapsular region and a righ&ctivations occurred primarily in the cerebellum. Qualitative
cerebellar region. Each of these binary mask images wasomparison of the activation maps for the two random groups
reflected across the midline to create regions of interest fodemonstrated the extent of variation that can occur from
homologous regions in the opposite hemisphere (Fig. 1). Thehance alone. For example, group one showed small activation
region of interest mask images were then used to select, ifoci in the left cerebellum, left thalamocapsular region and
each subject, voxels within the region of interest forright frontal lobe that were not visible in the group two
subsequent analyses. Because we selected large regions fragtivation map. Small differences between the average maps
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Regions
of interest

Fig. 1 Regions of interest identified in an average activation map from 80 subjects. The left side of the brain is on the reader’s right in
this figure and in Fig. 2. Regions are numbered for the left hemisphere (and apply to homologous regions in the right hemisphere) as
follows: 1 = prefrontal, 2= angular gyrus, 3= temporal, 4= thalamocapsular, 5 retrosplenial, 6= cerebellar. Talairach

coordinates for slices are36, —26, —16, —6, 4, 14, 24, 34, 44 and 54.

Random
Group 1

Random
Group 2

Men

Women

,=104 1R 106 I 108

Fig. 2 Top two rows: averaged semantic monitoring—tone monitoring (SM—FMgps for two random groups with equal numbers of
women and men. Bottom two rows: semantic monitoring—tone monitoring t-maps for men and women. Betweet-Hgsiapgvealed
no significant differences in overall activation patterns. Talaiacbordinates for slices are 36, —16, 4, 24 and 44.
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1600

for men and women did not exceed those observed in th L
272 Women

random comparison. 1400
1200

1000

Voxel-wise comparisons

In the between-groupstests, there were no voxel clusters
that passed both the significance thresh&d(0.0001) and
the size threshold (volume-200 pl). Effect sizes for the

800

600 ?

verage difference value

A 7%
between-groupstests were small (0-0.4) and were the same< 4 2 g i ? g
magnitude for the sex and random contrasts. Less than 1¢ ) g é é é ?
of voxels had absolute effect sizes greater than 0.2, and th ~ ** | g T g 7 é é g
proportion was the same for the sex and random grou e o - R R R L

comparisons. These results thus reveal no significar
differences between women and men in a voxel-wise
comparison of activation levels. Region of interest

Prefrontal Temporal Angular Retrosplenial  Thalamus Cerebellum

Fig. 3 Average difference values for women and men by
hemisphere and region of interest. Error bars indicate standard

Anatomical region of interest comparisons error of the mean. = left, R = right.

In the analysis replicating Pugit al. (1996), both men and

women had significantly more activated voxels in the left

hemisphere than the right hemisphere in all regions of interegtigure 3 demonstrates the overall similarity between women

(P < 0.00001 for all regions of interest) except the medialand men on average difference values by region of interest,

extrastriate, which showed no significant lateralization. Menwith men showing larger activation values bilaterally in

had more activated voxels than women in the mediaketrosplenial and thalamocapsular regions. No significant

extrastriate regions of interest bilaterally(1,196)= 7.443, main effects for random group assignment were found.

P < 0.005]. No other region of interest showed this sex

difference. No sex by hemisphere interaction effects were

significant, indicating that the degree of lateralization ofIntrahemispheric comparisons

activation was the same for women and men in all region#\nalysis of intrahemispheric differences in activation

of interest. between prefrontal, temporal and angular regions of interest

In the parallel random group analysis, no significant grouprevealed no differences between women and men or between

differences were found. For both groups, greater activatiothe two random groups.

was observed in the left hemisphere for all regions of interest

except the medial extrastriate £ 0.00001 for all significant

effects). No group by hemisphere interactions wereDiscussion

significant. Compared with previous studies, ours had the advantage of
a very large sample size, which provided greater statistical
power to detect small sex differences. In this study we also

Functional region of interest comparisons employed a validated, reproducible measure of language-

The functionally derived region of interest analysis revealedelated brain activation (Bindest al., 1996, 1997). Because

that both women and men had greater activation in the lefthe language and control tasks employed differ in many

than right hemisphere for all regions of interd3t<€ 0.00001  ways, including stimulus complexity, phonetic perceptual

for all comparisons) except the cerebellum, which was morelemands, lexical content and semantic content, the resulting

strongly activated on the right sidé® (< 0.00001). Right signals are likely to represent the combined activation of

lateralization of the cerebellar activation probably accountseveral language-related component processors, including

for the lack of medial extrastriate lateralization in the otherspeech perceptual, lexical and semantic systems. This

region of interest analysis, as inspection of the data showedctivation was strongly lateralized to the left hemisphere in

that this ‘medial extrastriate’ region of interest included both women and men. No differences were found between

activated voxels located in the right superior cerebellumthe sexes in a voxel-by-voxel analysis, and there were no

Men showed greater activation than women bilaterally indifferences between women and men in lateralization of

the retrosplenial f(1,196) = 12.367, P < 0.001] and activity in any region of interest. Men and women also did

thalamocapsular {(1,196) = 5.433, P < 0.05] regions not differ in terms of intrahemispheric cortical activation

of interest. Notably, there was no significant interactionpatterns. The sexes thus showed very similar, strongly left-

between sex and hemisphere for any region of interestateralized activation patterns, arguing against substantive

indicating that the degree of lateralization of activation wassex differences in the large-scale neural organization of

the same for men and women in all regions of interestlanguage functions. While failing to confirm the finding
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that women have more bilateral representation of languagemaller corpus callosa (Jancke al, 1997). Thus, sex
processing systems than men (Pwaglal, 1996), our results differences in corpus callosum morphology may be due
are not entirely unexpected. Men and women do not, orio sex differences in brain size, as women tend to have
average, show significant differences in performance on mosmaller brains.
language tasks (Hyde and Linn, 1988; Clagteal.,, 1990), Some recent studies of sex differences in brain morphology
and no sex differences in performance were observed on theave focused on the planum temporale, a region believed to be
activation tasks used in this study. These data thus do namportant for auditory (Bindeet al., 1996) and associative
support the hypothesis that women and men carry out identicdéinguage processes (for a review, see Kolb and Whishaw,
language processes with the same degree of functiondl990). When measurements were adjusted for total brain
capacity using differently organized neural systems. size, one study revealed larger plana temporale bilaterally in
In agreement with these results, two other functionalbwomen (Harastyet al, 1997), but others showed no
imaging groups reported identical activation patterns in merifferences between women and men (Abot#izal,, 1992;
and women during language activation tasks (Buclatex., = Witelson and Kigar, 1992). Several investigators reported
1995; Priceet al., 1996). The tasks used by Prieeal (1996) sex differences in leftward asymmetry of the plana temporale,
involved phonological and semantic aspects of reading, thuagain with inconsistent results. Men showed greater
engaging many of the same processing components studi@edymmetry than women in two studies (Witelson and Kigar,
by Shaywitzet al. (1995) and Puglet al. (1996). Large, 1992; Kulynychet al, 1994), but no sex differences in
statistically significant effects of task, task order and type ofasymmetry were found in another (Aboitat al, 1992).
baseline task were found, but sex effects were small anéuture studies may explain the disparate findings reported
insignificant. Buckneret al. (1995) employed word-stem by different investigators, although at present there is little
completion and verb generation tasks, which are speectonsistent evidence for sex-related differences in regional
production measures like those on which women and mebrain gross morphology. More importantly, there is currently
show significant performance differences in large groumo evidence directly linking sex-related size differences to
studies (Halpern, 1992). Thus, no significant sex differenceslifferences in language ability.
in large-scale activation patterns were found even on tasks Deficit-lesion correlation methods have been used
for which there is some evidence of sex-related differencesxtensively to examine sex differences in language
in processing capacity. These results make it even less likelgrganization, but the findings from these studies have also
that sex differences in activation are present during languagleeen equivocal. McGlone (1977, 1978) found adverse effects
tasks on which men and women perform equivalently. on verbal 1Q only after left hemisphere damage in men, but
Despite these findings, many investigators have presented women verbal IQ was affected after either left or right
indirect evidence for sex differences in the large-scale neurdiemisphere injury, suggesting a more diffuse and bilateral
representation of language functions. In the following sectiorrepresentation of language in women. Kimura (1983),
we briefly examine some of this evidence and consider somkeowever, reached nearly opposite conclusions, finding
of the conceptual/methodological issues associated with thevidence that language functions in women are more focally
various experimental techniques. organized in the left frontal lobe than in men. Other
investigators have generally not replicated either of these
findings (De Renzet al., 1980; Kertesz and Sheppard, 1981;
) ) . ) Bassoet al, 1982; Kertesz, 1982; Warringtcet al., 1986;
Sex differences in macroscopic brain language Kertesz and Benke, 1989). Kertesz and Sheppard (1981)
organization provided evidence that sex differences reported in some
The corpus callosum and the superior temporal region ardeficit-lesion studies may be due to differences in the location
both believed to play a role in hemispheric specializationand extent of naturally occurring lesions rather than to
and language function. Many studies of sex differences irdifferences in underlying cerebral organization. Differences in
the morphology of these structures have been reported, blgsion size and location, which could result from confounding
there are discrepancies between the findings. For exampl&ctors such as differences in stroke mechanism or degree of
women were reported to have larger subregions of the corpustherosclerotic disease, were not controlled for in several
callosum in several studies (Witelson, 1989; Steinnettal., other studies reporting sex differences in aphasia incidence
1992; Clarke and Zaidel, 1994). However, many investigator®r recovery (McGlone, 1977; Kimura, 1983; Butler, 1984;
have not replicated these findings (Kertesiz al., 1987; Pizzamiglio and Mammucari, 1985). Overall, aphasia studies
Oppenheimet al, 1987; Byneet al, 1988; Allenet al, thus provide relatively little evidence for underlying sex
1991; Habib et al, 1991; Aboitiz et al, 1992). The differences in the large-scale neural organization of language.
inconsistency among studies may be due to methodo- Several behavioural techniques have been used to infer
logical variations related to how brain regions were measuredyrain language organization in normal subjects. The reports
and whether these measurements were normalized for braof greater laterality effects in men than women from studies
size (Jancket al., 1997; Leonard, 1997). One report showedof speech perception using dichotic listening techniques are
that, regardless of sex, larger brains are associated witinconsistent (Lake and Bryden, 1976; McGlone, 1980; Munro
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and Govier, 1993). Perceptual advantages in dichotic listeningilaterally in these regions of interest in men could be
can be biased by attentional factors, however, and may naxplained equally well by postulating that men have relatively
directly reflect underlying functional asymmetries (Mondor greater activation during the linguistic task, or that women
and Bryden, 1991; Mondor, 1994). Sex differences inhave greater activation during the non-linguistic control task.
language lateralization have been studied extensively usin@iven this uncertainty, it would be premature to infer that
divided visual field techniques, although again with verythese relative differences in activation magnitude have any
inconsistent results. Fairweather (1982), for examplerelationship to differences in neural organization of language
reviewed 188 such studies, and in 87 of them no evidencéunctions or differences in verbal ability. Future research
of sex effects was found. Of those in which differences werecould perhaps resolve this ambiguity by examining sex
found, some suggested greater lateralization effects in meujfferences in activation produced by the control task in
while others found stronger lateralization in women (e.g.comparison with a more neutral baseline.
Healy et al, 1985). The dual-task paradigm, originally
described by Kinsbourne and Cook (1971), assumes th .
. Loonclusions
simultaneous performance of a language and motor task W;Ehe studv of sex-related differences in brain lanquage
lead to a lateralized motor performance decrement if the . ti)c/)n has important practical value. Various %nalge—
language task is preferentially performed by one hemisphere?.rganlza ) imp pra L .
%male subject ratios are used in neuroimaging studies, and

Reports of sex differences on these tasks have also be?nan studies renort data onlv for male subiects. If men and
inconsistent (Simon and Sussman, 1987; Lewis and Y PO y Jects.

Christiansen, 1989: Seth-Smitt al, 1989: Ashton and women differ significantly in brain organization for language

McFarland, 1991). This technique may be more reflective Oprocessing, these results would not be directly comparable

manual than language dominance, as left-handed subjec% generalizable across the sexes. In agreement with PET

consistently showed right hemisphere dominance with thiT"lmaging data on verbal fluency and reading tasks, the results

paradigm in one report (Simon and Sussman, 1987). Althoug fom this sftud){_ |nd|_ca'iﬁ thgt the. Iarge-sc_ale_:l orgamzatlon gf
some of the inconsistency arising from these techniquesaggqiigecéjnqg.fgd'n 'thiherilrlszlsr;/:rﬁ/t S'm'eire'gar;en ane ¢
may be explained by differences in methodology and taskyomen. : with t esults, sugges

at it may be appropriate in many circumstances to generalize

requirements, no such account has yet emerged despite tE.II:ET and fMRI language activation results across sex groups
vast amount of available data. Across the many studies that 'guag . X . group
ng across experiments using different sex ratios.

have been reported, no consistent sex differences have be I\ thouah the preponderance of current evidence sugaests
found using speech production, phonological, lexical or 9 prepc . 99es
much greater similarity than difference between the sexes in

semantic tasks. the large-scale neural organization of language, more
Taken as a whole, this literature does not provide stron large-s . 9 guage,
unctional imaging data are needed to account for the

evidence for sex differences in the large-scale neura

organization of language functions. If present, theseconfllctlng results. Future studies should involve large subject

differences are likely to be small in comparison with thesamples to better detect small effects and to estimate more

degree of similarity in language system organization betWeerr]ellably the size of these effects. For fMRI studies, particular

. g S . attention will need to be given to measuring and minimizin
men and women. This conclusion is in accord with the 9 9 9

findings of the present study and with the general similarityhead m_otlo_n, an ubiquitous hoise source that can r_n_ask
true activation signals and result in bilateral false positive
between women and men on most measures of language,. "’ .
rocessing ability ctivations (Hajnakt al., 1994).
P ' Although the same general brain regions appear to subserve
language functions in men and women, it is possible that

Sex differences in activation magnitude sex-related differences exist at a microscopic level, involving
Ejifferences in connectivity, neuronal density or synaptic

Although the present findings do not support the notion thaefﬁciency (Witelsoret al,, 1995). Such factors could account

women and men differ substantively in large-scale Ianguag? . . . )

N | I i or ability differences even in the absence of large-scale
system organization, several su_bte sex di erences Wellitterences in functional organization, and may not be
observed. The stronger activation observed in men '

in : : . . .
retrosplenial, thalamocapsular and medial extrastriate regiondsetecmbIe using macroscopic functional imaging methods. If

of interest has not been reported previously. These difference resent, these microscopic differences could be (i) genetically

: . . asetermmed, (ii) the result of hormonal or other metabolic

occurred bilaterally, and there were no sex differences in th L
o S . ) actors, (iii) the result of neural plasticity induced by
degree of lateralization of activity in these regions of interest.

Although these differences were not large, they were no?nwronmental or experiential factors, or (iv) any combination
) ) of these.
observed in the random comparisons.
Interpretation of these magnitude differences is not
straightforward, however, due to the fact that the methodéA\cknowledgements
used here measure relative differences in activation rathéaMe thank Michael Beauchamp, Douglas Ward and James
than absolute activation levels. Thus, the stronger activatioklyde for discussion, and Andrjez Jesmanowicz, Thomas
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