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The Influence of Gender on Auditory and
Language Cortical Activation Patterns:

Preliminary Data

Mehmet Kocak, John L. Ulmer, Bharat B. Biswal, Ayse Aralasmak,
David L. Daniels, and Leighton P. Mark

PURPOSE AND BACKGROUND: Intersex cortical and functional asymmetry is an ongoing
topic of investigation. In this pilot study, we sought to determine the influence of acoustic
scanner noise and sex on auditory and language cortical activation patterns of the dominant
hemisphere.

MATERIALS AND METHODS: Echoplanar functional MR imaging (fMRI; 1.5T) was per-
formed on 12 healthy right-handed subjects (6 men and 6 women). Passive text listening tasks
were employed in 2 different background acoustic scanner noise conditions (12 sections/2
seconds TR [6 Hz] and 4 sections/2 seconds TR [2 Hz]), with the first 4 sections in identical
locations in the left hemisphere. Cross-correlation analysis was used to construct activation
maps in subregions of auditory and language relevant cortex of the dominant (left) hemisphere,
and activation areas were calculated by using coefficient thresholds of 0.5, 0.6, and 0.7.

RESULTS: Text listening caused robust activation in anatomically defined auditory cortex,
and weaker activation in language relevant cortex of all 12 individuals. As a whole, there was
no significant difference in regional cortical activation between the 2 background acoustic
scanner noise conditions. When sex was considered, men showed a significantly (P < .01)
greater change in left hemisphere activation during the high scanner noise rate condition than
did women. This effect was significant (P < .05) in the left superior temporal gyrus, the
posterior aspect of the left middle temporal gyrus and superior temporal sulcus, and the left
inferior frontal gyrus.

CONCLUSION: Increase in the rate of background acoustic scanner noise caused increased
activation in auditory and language relevant cortex of the dominant hemisphere in men
compared with women where no such change in activation was observed. Our preliminary data
suggest possible methodologic confounds of fMRI research and calls for larger investigations to
substantiate our findings and further characterize sex-based influences on hemispheric acti-
vation patterns.

Functional MR imaging (fMRI) is a technique fre-
quently used to study the neuronal activity in the
cerebral cortex by detecting changes in regional cere-
bral blood flow and local deoxyhemoglobin concen-

trations (1–3). The technique has been used exten-
sively to study functional cortical activity in response
to a variety of stimuli, including auditory and seman-
tic stimuli (4–8). One of the proposed applications of
fMRI is the preoperative mapping of auditory and
language cortex in patients with cerebral tumors and
as a technique to establish language dominance in
patients with epilepsy (9–19); however, one large in-
vestigation revealed errors in establishing hemi-
spheric language dominance in 9% of epilepsy pa-
tients (20). The source of such errors is unknown.

A potentially serious confounding variable in fMRI
investigations of the auditory and language system is
the presence of background acoustic noise created by
high-speed gradients. Although these gradients make
it possible to detect subtle changes in deoxyhemoglo-
bin concentration (4–8, 21), the fast switching of
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gradients causes acoustic noise (21–23). Because
there is considerable overlap of the frequency distri-
bution of echoplanar acoustic scanner noise and con-
versational speech (22), it is not surprising that scan-
ner noise can activate both auditory cortex and
language relevant cortex in some individuals (21).
The influence of background acoustic scanner noise
on fMRI studies of auditory and language cortex
induced by spoken language has not been elucidated.
The problem is further complicated by sex-based
structural and functional differences in the cortical
and precortical auditory pathways.

Numerous investigations have focused on sex-
based differences in the functional organization of the
brain (24–42). It has been suggested that different
tasks are handled differently in men compared with
women (24). Evidence suggests that language func-
tions are more likely to be lateralized in men com-
pared with women, such as past tense verb generation
(25), phonology (26), and semantic tasks (27). Strong
left hemisphere (LH) auditory responses to pure
tones have been noted in men (28). Others have
suggested increased sensitivity to phonology in the
right hemisphere (RH) in women (29, 30). Women
appear to be superior in verbal fluency and speech
production tasks (31).

One fMRI investigation found stronger left hemi-
spheric dominant activation of the posterior language
area in the superior and middle temporal gyri of men
compared with women (32). Another fMRI investi-
gation supported this concept showing sex-based dif-
ferences in temporal lobe activation to passive text
listening (33). Other investigators, however, have re-
ported a lack of sex-based differences to stimuli, in-
cluding speech perceptual, lexical and semantic tasks
(34), phonology and semantic aspects of reading (35),
and word-stem completion and verb generation (36).
Morphologic cortical studies have also shown discor-
dant results (37–41).

Sex-based differences have been observed in pre-
cortical auditory pathways as well. Cochlear length is
longer in men than in women (43). Differences also
exist in tonotopic organization of the cochlear basilar
membrane (44), auditory sensitivities at different fre-
quencies (45), maturation dynamics of cochlear func-
tion (46), and possible efferent inhibitory activity on
outer hair cells (47). The extent to which structural
and functional differences may interact with acoustic
background scanner noise and an auditory task is
unclear at this point. The influence of acoustic scan-
ner noise on auditory attention between the genders
is also unknown.

The focus of this pilot investigation was to charac-
terize the influence of echoplanar acoustic back-
ground scanner noise on left hemispheric activation,
in response to a passive text listening task. Specifi-
cally, the aim of this study was to determine any
change in activation patterns that may occur in the
presence of differing acoustic scanner noise rates and
may be influenced by sex.

Materials and Methods

Subjects
Twelve adult monolingual English-speaking volunteers (6

women and 6 men) were studied, ranging in age between 28
and 49 years. All subjects were in good health, were not on any
medications, and reported no history of auditory/language ab-
normalities or other neurologic pathologies. All subjects were
right handed as determined by the Edinburgh handedness
inventory (48). They gave written informed consent according
to institutional standards and received a stipend for their par-
ticipation. Subjects were positioned within the scanner gantry
following placement of tightly occlusive earplugs and were
instructed not to move during image acquisitions.

Auditory Stimuli
Two separate narratives of taped spoken text, each consist-

ing of an encyclopedia passage about an animal, were played to
the subjects at an equivalent intensity and through an air-
conduction system. Text listening tasks were randomized in
order of delivery to counteract any effects of learning or ha-
bituation. The subjects were instructed to listen to the text and
to remain motionless during the scanning. Each task was de-
livered in the presence of acoustic background noise created by
the scanning pulse sequence. The pulse sequence was altered
by changing the number of sections for a given TR (ie, 2000 ms)
to change the rate of acoustic scanner noise produced during
the data acquisition. Therefore, the background acoustic noise
condition was determined by scanner noise accompanying 2
section acquisition rates, 6 Hz (12 sections/2 seconds, TR) and
2 Hz (4 sections/2 seconds, TR). As background information,
the effects of scanner noise on hearing thresholds are rate
dependent, and at high noise rates threshold effects parallel
frequency distributions of conversational speech (22). The sec-
tion acquisition rates and the accompanying scanner noise have
been shown elsewhere to cause a nonlinear threshold effect on
normal hearing subjects (22). The 2 background acoustic scan-
ner noise conditions were randomized in order.

Equipment and Pulse Sequences
A 1.5T scanner was used, equipped with a birdcage proto-

type volume echoplanar local gradient 3-axis head coil. An
experimental program provided a single shot blipped echo
planar sequence with multisection and multirepetition capabil-
ities, with a gradient-recalled echo. Chemical shift saturation
was employed before the excitation pulse to diminish ghost
artifact from the fat-containing tissues in the head. The follow-
ing parameters were used: TR/TE, 2000/40 ms; section thick-
ness, 10 mm; number of sections, 4 or 12; matrix, 64 � 64; and
field of view, 24 cm.

Keeping the repetition time and other parameters constant
while increasing the number of the sections acquired has the
effect of increasing the rate of noise production (22). Thus,
scanner noise rates for 12 and 4 sections acquired were 6 Hz
and 2 Hz, respectively. Imaging began in the lateral aspect left
hemisphere, and the order of acquiring either 12 or 4 sections
was randomized. For purposes of comparison between the 2
noise conditions, the area of activation contained in 4 contig-
uous sagittal sections (4 cm) of the left hemisphere was quan-
tified. This covered all auditory and language relevant perisyl-
vian cortex of the left dominant hemisphere.

Regional Activation and Data Analysis
Regional activation areas were calculated as the number of

pixels activated in the left hemisphere as a whole and in ana-
tomically defined subregions of auditory and language relevant
cortex, including the superior temporal gyrus, middle temporal
gyrus (MTG), cortex lining the superior temporal sulcus (STS),
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angular gyrus (AG), supramarginal gyrus (SMG), inferior fron-
tal gyrus (IFG) and dorsolateral prefrontal cortex (PFC). Ref-
erence waveforms were generated by using principle compo-
nent analysis, to correlate to activated pixels. After motion
correction, cross-correlation analysis was used to generate ac-
tivation maps with coefficient thresholds of 0.5, 0.6, and 0.7,
designated on activation maps as red, orange, and yellow pixels,
respectively. Analysis of variance was used to determine differ-
ences in activation between the genders and among the subre-
gions of auditory and language relevant cortex.

Results
Robust activation was seen in auditory cortex of all

12 individuals, especially in the STG and MTG/STS
subregions. These regions contain primary and audi-
tory association cortex and some posterior language
relevant cortex as well. Other language relevant cor-
tices showed more variable activation, including the
AG, SMG, and IFG. Some individuals showed robust
activation within the PFC, but activation in this region
was more variable than the other regions, by the
nature of the task. The greatest mean activation area
was seen within the STG and MTG/STS regions (Fig
1). Other areas in decreasing order of mean activa-
tion area included the IFG, PFC, SMG, and AG,
respectively (Fig 1).

For the group as a whole, there was no significant
difference in left hemispheric activation in response

to text listening in the 2 background acoustic scanner
noise conditions (4 sections � 2 Hz and 12 sections �
6 Hz; Fig 1). When the subjects were divided by sex,
however, a sex-based pattern of activation response to
the 2 background noise conditions emerged (Fig 2).
All 6 men showed a 20% or greater increase in total
number of activated pixels within the left hemisphere
in response to text listening, when the high scanner
noise rate background condition (6 Hz) was present
compared with the low noise rate condition (2 Hz).
Conversely, none of the women showed an increase in
activation �5% in the same conditions. Also, the
variance in proportion to the mean among the men in
the number of activated pixels was increased com-
pared with the women (Fig 2). There was a significant
(P � .01) difference in the change of activation across
the 2 background acoustic noise conditions between
men and women (Fig 2).

In light of the individual subregions of auditory and
language relevant cortex, women showed very similar
patterns of activation between the 2 background
acoustic scanner noise conditions (Fig 3A). Com-
pared with women, however, the men showed a sta-
tistically significant (P � .05) increase in activation
change within the STG, the MTG/STS, and the IFG
(Fig 3A). This effect was seen primarily in pixels with
lower correlation coefficient thresholds, which raised
the possibility that subthreshold activated regions
were brought suprathreshold by the increased scan-
ner noise condition. The activation within the IFG

FIG 1. Left hemispheric mean number of activated pixels in
specific subregions of auditory and language cortex of 12 nor-
mal hearing subjects (6 men and 6 women), to passive text
listening at 2 different background acoustic scanner noise con-
ditions; 4 sections/2 seconds TR (2 Hz) and 12 sections/2 sec-
onds TR (6 Hz). Activity is greatest in the STG and MTG/STS
region. The STG includes the transverse temporal gyrus, planum
polare, and planum temporale. The MTG/STS region includes
primarily the posterior aspect of the MTG and cortex lining of the
posterior aspect of the STS. Activity in the IFG includes primarily
Broadman’s areas 44 and posterior 45. Activity in the PFC, AG,
and SMG was inconsistent among individuals. Note that there is
no significant difference in regional cortical activation of the left
hemisphere in the presence of changing scanner noise rates.

FIG 2. Ratio of total left hemispheric activation in response to
passive text listening between the scanner noise conditions of 12
sections (6 Hz) and 4 sections (2 Hz). There is no change in acti-
vation between the 2 background noise conditions in women (n �
6), but a significant (P � .01) increase in left hemispheric activation
in men (n � 6) as the rate of scanner noise is increased, compared
with that of women. All 6 men showed a 20% or greater increase in
activation with the more rapid rate of scanner noise. Also noted is
the increased variance among the men.
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corresponded to speech cortical regions (Broadman’s
areas 44 and posterior 45). The STG included pri-
mary and association auditory cortex, as well as the
posterior aspect of the planum temporale, implicated
in receptive language function. Activation in the
MTG/STS included the posterior aspect of the MTG,
as well as cortex lining the STS posteriorly, containing
auditory association and posterior language relevant
cortex. Increased activation was also seen in the AG
and SMG in men, but the difference was not statisti-
cally significant for a small sample. There was an
increase in dorsolateral PFC mean activation area in

men compared with women in response to the in-
creasing noise rates, but the effect was variable and
was not statistically significant.

Discussion
There is ongoing debate concerning sex-based dif-

ferences in the organization of the human brain and,
in particular, of language functions (24–42), but func-
tional differences have been observed. A study by
Kimura suggested that sex-based differences in intel-
lectual function lay in patterns of ability rather than in

FIG 3. A, Change in activation of left
hemispheric auditory and language rele-
vant cortex across 2 background noise
conditions (12 sections � 6 Hz; 4 sec-
tions � 2 Hz). Note significantly increased
activation (P � .05) within the STG, MTG/
STS, and IFG subregions to text listening
in the presence of more rapid acoustic
scanner noise production, in men (n � 6)
compared with women (n � 6). Nonsig-
nificant increased activation is also seen
within the AG, SMG, and PFC of men.
There is no change in activation to the
more rapid noise rate in women.

B, Activated pixels in auditory and lan-
guage cortex in response to text listening
with 2 underlying background acoustic
scanner noise conditions (2 Hz and 6 Hz).
Left hemispheric activation in response to
text listening in a woman is shown to be
similar between the 2 underlying back-
ground acoustic noise conditions (upper
images). Left hemispheric activation to
text listening in a man is significantly in-
creased by increasing the rate of data
acquisition and associated increased rate
of background acoustic scanner noise
(lower images).
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the overall level of intelligence (24). Men performed
better in tasks such as imagining rotating or manipu-
lating objects in 3D, navigating through a route,
mathematical reasoning, target-related motor skills,
and disembedding tests. Women, on the other hand,
were better in rapid identification of matching items
(perceptual speed), arithmetic calculation, recalling
landmarks from a route, certain precision manual
tasks, and demonstrated greater verbal (listing words
beginning with the same letter) and ideational (listing
objects with the same color) fluencies.

In one study, damage to either hemisphere in
women has been shown to affect vocabulary test
scores, but this effect was seen only with left-domi-
nant hemisphere injuries in men, which suggests that
there is more balanced hemispheric processing for
such tasks in women than in men (24). In a cortical
lesion–based study, McGlone also reported that only
men showed more depressed verbal intelligence and
verbal memory after left compared with right hemi-
spheric damage (49). Women showed no significant
difference in verbal scores with left or right hemi-
spheric damage, though they had significantly im-
paired verbal intelligence compared with nonbrain-
damaged controls. Functional sex-based differences
in processing auditory and language stimuli in the
presence of background scanner noise remains to be
elucidated.

Cortical and subcortical structural asymmetries
may correlate with sex-based functional differences
observed in auditory and language processing, and
could, in some way, have influenced the activation
patterns observed in our study. A surface-rendering
morphometric MR imaging study showed signifi-
cantly larger left versus right planum temporale (PT)
in men, whereas it was not significantly different
among women, which suggests a relationship between
morphologic and functional attributes of superior
temporal cortex (50). Whereas this was consistent
with a prior study (51), others have failed to support
this conclusion (52). Other investigators have also
failed to find sex-related differences in the length (as
opposed to volume) of the PT (40, 41).

Significantly longer cochlear length in men com-
pared with women has been observed with 3D (42)
and 2D (53) measurements, which suggests that the
frequency map of the basilar membrane might differ
depending on sex. This has been proposed to account
for significantly longer distortion product otoacoustic
emission phase delay measures in adult men com-
pared with women (43). Pure-tone auditory sensitivity
is better for low frequencies in men and for high
frequencies in women (45). In addition, significant
sex-based differences have been reported in the level
of maturation of cochlear function in both preterm
(46) and full-term (47) neonates, and it has been
suggested that these differences might be the result of
the outer hair cell (OHC) population characteristics.
The OHCs of the organ of Corti are thought to
enhance hearing sensitivity (via cochlear amplifica-
tion) and fine tuning of frequency discrimination
(46). Because the OHCs are innervated by efferents

(brain stem to cochlea) (44), it is reasonable to sup-
pose that OHCs are under some element of central
influence and efferent input may be contributing to
fine pitch discrimination. Thus, sex-based differences
in the cochlea may be a reflection of auditory cortex
organization rather than a primary determining fac-
tor. Women may have more efferent inhibitory activ-
ity than men (47) and may be better at discriminating
auditory stimuli among increasing background scan-
ner noise rates compared with men.

Greater RH representation of phonologic func-
tions have been observed in women than in men (29,
30). Shaywitz et al (26) used fMRI to isolate areas of
activation of orthography (letter case—line), of pho-
nology (rhyme—case), and of semantic task (seman-
tic—rhyme) in 38 right-handed subjects. Although
orthographic task evenly activated the extrastriate (vi-
sual) cortex bilaterally in both sexes, phonologic task
activation lateralized to the left inferior frontal gyrus
in men but remained more evenly split in women.
Pugh et al also noted a phonologic representation
engaging a number of sites within the IFG and tem-
poral lobe, with inferior frontal sites more LH dom-
inant in men but highly bilateral in women (27).
Greater left-dominant lateralization of activity to
grammatical task (past-tense verb generation) in peri-
sylvian cortex has also been observed in men com-
pared with women with positron-emission tomogra-
phy (PET) (25).

In one recent fMRI study, Kansaku et al focused on
the posterior language area where the subjects were
asked to listen to a story with closed eyes and told that
they would be asked questions about the story (32).
Women showed no significant lateralization in any of
the 3 temporal gyri, but men showed strong left hemi-
spheric lateralization in the STG and MTG. When
global structures were removed from the auditory
stimuli, however, sex differences disappeared, which
suggests that the influence of sex became apparent
only when the subjects were required to process the
global structures of sentences. An additional finding
was left lateralization of activity in the anterior IFG in
men. Phillips et al studied 20 subjects, with fMRI, by
using a passive text listening task and found a higher
degree of bilateral temporal lobe activation in women
compared with men, a finding that supports the idea
that sex-determined activation patterns may be of
task-related origin (33). The potential role of back-
ground scanner noise in inducing these sex-based
asymmetries is unknown.

Not all fMRI studies have supported the concept of
sex-based hemispheric language asymmetries. Van
der Kallen et al (42) found no marked sex-related
difference in language lateralization in a group of
healthy volunteers and epilepsy patients using silent
word–generation task with fMRI. In another fMRI
investigation, the combined activation of several lan-
guage-related component processors (ie, speech per-
ceptual, lexical and semantic tasks) was strongly lat-
eralized to the left hemisphere in both men and
women, without sex-related difference in any region
of interest, which argues against substantive sex dif-
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ferences in the large-scale neural organization of lan-
guage functions (34). Similar results also were pro-
vided by 2 preceding PET studies reporting no
significant sex-related differences in large-scale acti-
vation patterns (35, 36).

Echoplanar imaging used in most fMRI studies
provides the rapid acquisition of activation data from
the entire brain (4–8); however, the fast switching of
gradients in the gradient coil causes acoustic noise
that increases in parallel with the gradient switching
rate. Acoustic scanner noise frequencies span the
optimal hearing range in humans and those of con-
versational speech (21), with higher noise rates caus-
ing more pronounced effects on pure tone hearing
thresholds (22). Moreover, the change in threshold
effect across increasing scanner noise rates is not
linear across the frequency spectrum (22). Acoustic
scanner noise can activate both auditory and language
relevant cortex, possibly because of similar temporal
and spectral properties to spoken language (21–23).
The extent to which the effects of background echop-
lanar acoustic scanner noise suggested in this pilot
investigation might influence or account for discrep-
ancies in the literature regarding sex-based hemi-
spheric asymmetries in auditory and language func-
tion is unclear and requires further investigation.

Our pilot investigation suggests the potential for
background acoustic scanner noise to alter the ac-
tivation patterns in the dominant left hemisphere
of men but not women, possibly because of satu-
rating or synergistic effects. Although increasing
the rate of acoustic scanner noise production had
no effect on activation patterns in women, auditory,
posterior language, and anterior language relevant
cortical activation increased by 20% or more in
each of the 6 men in the same conditions; however,
the relatively small number of subjects studied here
is insufficient to draw statistically certain conclu-
sions about the influence of acoustic noise, or sex,
on auditory and language cortical activation pat-
terns. It is nevertheless intriguing that noise-in-
duced increases in activation observed in men in-
volved the same cortical subregions (ie, left STG,
MTG/STS, and IFG) reported in the literature to
show sex-based asymmetries. If the phenomenon
described here were substantiated with further
studies, it would have serious methodologic impli-
cations and may account for some of the discrep-
ancies of sex-based lateralization studies by using
fMRI as a technique. If the effects of scanner noise
in a given experiment were to increase left hemi-
sphere activation in men but not women, this could
artificially lateralize language function in men. A
review of the imaging parameters of the fMRI lit-
erature cited above, however, shows an inconsistent
relationship between background acoustic noise
and (non)lateralization of language functions,
which is not necessarily consistent with our results.
Whether this could be explained by other factors
such as the study design, type of earplugs used,
stimulus delivery system, or acoustic properties of
the scanner room remains to be determined.

The effect of background acoustic scanner noise
on hemispheric activation is likely to be laboratory
dependent. The design of the coils and scanner
suite, as well as the effectiveness of ear plugs or
occlusive ear devices, certainly could affect the
character of the scanner noise perceived by the
subject and, therefore, the effects on auditory and
language cortical activation. Likewise, the effective
background scanner noise on auditory and lan-
guage activation may depend upon the task design.
In our investigation, the control state was back-
ground acoustic scanner noise, but a control task
may change the impact of scanner noise on activa-
tion patterns. Investigators focusing on evaluating
the complexities of the auditory cortex by using
fMRI have already begun to consider experimental
designs that reduce the effect of background acous-
tic scanner noise on auditory activation (54 –56).
Also, postprocessing strategies and activation
thresholds could influence the likelihood of noise-
induced alterations in activation area, particularly
if active but subthreshold regions account for the
observed effects.

Control of the attention to the preferred stimuli—
in other words, inhibition of the nonpreferred stimuli—
and perhaps selective behavior in distributing the atten-
tion may have contributed to the sex-based differences
observed in our experiment. Consciously driven modu-
lation of attention has been shown to operate in the
sensory cortex responsible for processing the related
stimuli (57). It has been shown that focused auditory
attention has selective control in early sensory process-
ing of the auditory cortex in the superior temporal plane
(58). Evidence suggests an attention-related enhance-
ment of both activation magnitude and extent in audi-
tory cortex, especially in the association areas (59) and
in the primary auditory cortex (60). This may help to
explain the significantly increased activation volume in
the left hemisphere of men as they directed attention to
the text listening tasks during increasing background
noise rates. Whether women are better able to attend to
an auditory stimulus in the presence of background
acoustic noise interference, compared with men, re-
mains to be investigated.

Conclusion
Our preliminary results have several interesting im-

plications. The presence of a sex-specific effect of
background acoustic noise on auditory and language
cortical activation as suggested by our results could
have serious methodologic implications for fMRI in-
vestigations. The differences in activation observed
may be based in sex-specific functional and structural
correlates, but these preliminary results should be
confirmed with larger studies and more sophisticated
paradigms should be developed to analyze the under-
lying properties of the auditory and language system
that potentiate sex-based differences in performance
and activation. The possibility of modulation of con-
sciously driven attention favoring women’s ability to
isolate a preferred stimulus, as an explanation for our
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observed sex-based activation patterns, warrants fur-
ther investigation. Ultimately, sex specific hemi-
spheric asymmetries may be best considered in the
context of background environments.
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