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Gender differences revealed in the right posterior temporal
areas during Navon letter identification tasks

Jaewon Lee - Dongil Chung + Sumin Chang -
Sungyo Kim - Sang-woo Kim - Hyunsang Park -
Shinho Ryu - Jaeseung Jeong

Published online: 29 February 2012
© Springer Science+Business Media, LLC 2012

Abstract Gender differences in temporo-spectral EEG pat-
terns during verbal cognitive performance are poorly under-
stood. The aim of the present study was to examine whether
the event-related dynamics of EEG differ between genders
during the performance of Navon letter identification tasks
(NLITs). To this end, the EEG patterns of 40 subjects were
recorded during the NLIT performance. We compared be-
havioral outcomes, event-related temporo-spectral dynam-
ics, and source distribution of neural oscillations within
cortical regions of male and female subjects. We found that
male subjects exhibited greater induced neural activities
than female subjects in right temporo-parietal areas at theta
and alpha frequency bands. Source imaging for the time
ranges at which maximal gender differences were observed
revealed gender-dependent estimated current densities in the
right posterior temporal regions. These gender differences
can be explained by the existence of distinct, gender-
specific hemispheric specialization. Thus, gender differen-
ces should be considered during behavioral tasks and elec-
trophysiological measurements.
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Introduction

Gender differences in language functions have been revealed
by various studies (Jaeger et al. 1998; Kansaku and Kitazawa
2001). A growing body of evidence indicates that functional
differences in neural activities may be rooted in gender-
specific differences in brain activities during cognitive per-
formances (Cahill et al. 2001; Canli et al. 2002; Rhodes and
Rubin 1999). It is a long-held hypothesis that language func-
tions are more likely to be highly lateralized in males and to be
represented in both cerebral hemispheres in females
(Hampson and Kimura 1992; Levy 1972), but attempts to
obtain proof have often been inconclusive (Harshman et al.
1983; Kulynych et al. 1994). Such gender differences might
arise from dissimilar, gender-dependent hemispheric process-
ing contributions to early visual sensory processing. However,
gender differences in visual and verbal processing are still not
well understood.

Several previous studies have used EEG recordings to
observe functional gender differences that correspond to
cognitive task performances and that support the aforemen-
tioned hypothesis regarding lateralization. Orozco and
Ehlers (1998) found that female subjects generated signifi-
cantly longer latency and higher amplitude P450 compo-
nents in response to emotional stimuli than male subjects
(Orozco and Ehlers 1998). Golgeli et al. (1999) showed that
N2-P3 amplitudes were higher at channel Fz than Oz for
female subjects only, whereas N2 latencies detected during
auditory oddball tasks were longer at channel Fz than Oz for
male subjects only (Golgeli et al. 1999). Vaquero et al.
(2004) reported that men presented higher P3 amplitudes

@ Springer



388

Brain Imaging and Behavior (2012) 6:387-396

and a right frontal functional asymmetry that was not pres-
ent in women during visuo-spatial attention tasks (Vaquero
et al. 2004). Wirth et al. (2007) examined sex differences
during passive reading tasks and reported the same early
context effects in the P1-N1 transition period in women and
men but earlier and longer-lasting context effects in the
N400 components for the female group. Using the mental
rotation task, Gootjes et al. (2008) observed that men
showed increased involvement of the right hemisphere and
an approximately 100 msec shorter response latency in the
male vs. female subject groups. However, published find-
ings remain inconsistent and sometimes controversial, and
they vary depending on the cognitive tasks and recording
methods employed (Frost et al. 1999; Gur et al. 2000;
Sabatinelli et al. 2004; IEC Sommer et al. 2004).

The present study investigates whether males and females
differ with regard to event-related temporo-spectral EEG dy-
namics in visual sensory processing of verbal stimuli. We used
the Navon letter identification task (NLIT), a cognitive task
that is often used to investigate the precedence of global
versus local features involved in visual perception (Navon
1969), to examine both the language and visuospatial process-
ing performances and the lateralization differences between
groups. We examined event-related spectral perturbation
(ERSP), which measures the average dynamic changes in
amplitudes of the broad EEG frequency spectrum as a func-
tion of time relative to an event (Makeig 1993), inter-trial
coherence (ITC), which measures the consistency across trials
of EEG spectral phases at each frequency and latency (Makeig
et al. 2002), and estimated current source distribution in a 3-
dimensional brain model. Recently, event-related synchroni-
zation or desynchronization measurements have been used to
investigate gender differences during various tasks (mismatch
response to sounds: Bishop et al. 2010; emotional face:
Knyazev et al. 2009, 2010; creativity: Razumnikova 2004).
Based on these studies, we hypothesized that males and
females would differ with regard to brain activities at various
frequency bands also during verbal sensory processes, partic-
ularly with regard to their degrees of lateralization. We
expected to observe these gender-related differences via
ERSP and ITC, both of which provide information about the
temporal cascade of cognitive processing with high time and
frequency resolutions.

In our experiment, 40 college students (male/female=21/
19) participated in the NLIT, and their performances were
recorded (i.e., the percentage of correct answers and response
times (RTs)). We utilized ERSP, ITC, and sLORETA (stan-
dardized low resolution brain electromagnetic tomography),
which uses spatiotemporal EEG patterns to estimate current
density distribution in a 3-dimensional brain model (Lamm et
al. 2005; Pascual-Marqui et al. 2002). Our results demonstrate
how this neuroimaging method can be used to interpret the
origin of gender differences in visual processing.
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Materials and methods
Ethics statement

Prior to participating, all recruited subjects were informed
about all procedures to be used in this study. The study was
approved by the Institutional Review Board (IRB) at KAIST
(Daejeon, South Korea), and every participant gave written
informed consent prior to all experimental procedures.

Subjects

We recruited 41 healthy volunteers (21 males and 20 females)
aged 20 to 26 years (male: 22.52+1.78 years, female: 22.40+
1.60 years) in Daejeon, South Korea, by means of an adver-
tisement on the website of Chungnam National University. All
participants’ disorders were assessed by self-report. We
assessed handedness using the laterality quotients from the
Edinburgh handedness inventory (Oldfield 1971), which
ranges from —100 for strong left-handedness to +100 for
strong right-handedness. Because one female subject exhibited
low attention and movement artifacts during the experiment,
data obtained from her was excluded from analyses, so behav-
ioral and electrophysiological data from 40 (male/female=21/
19) of the original 41 volunteers were evaluated. The demo-
graphic details of this study are provided in Table 1.

Cognitive tasks (Navon letter identification task)

Figure 1 contains a schematic diagram of the Navon letter
identification task (NLIT). Each stimulus letter had a hier-
archical system allowing it to be identified on one of two
levels (Navon 1977). Local features of the task were alpha-
betical letters (A, S, E, and H) written in Arial font. Each
global feature consists of multiple local features that form
alphabetical letters (A, S, E, and H). All global features were
generated in identical size, 5 local features for width and 7
local features for length. The sizes of the local and global
features were fit to 1.3x1.3° and 10x15°, respectively.

Table 1 Demographic data, handedness, and behavioral performances
of the subjects for the Navon letter identification task (NLIT)

Male Female
Number of Participants 21 19
Age (year) 22.5+1.8 22.4+1.6
Education (year) 14.7+£1.3 14.4+1.1
Handedness (Laterality Quotients) 86.9+17.8 88.5+18.4
The Percentage of Correct Answer (%) 98.1+£2.8 97.1+4.9

Response Time (msec) 668.9+£113.9% 756.1+92.6*

Mean=+standard deviation. *, significant differences (t-value=-2.63, p-
value=0.013)
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Fig. 1 Schematic diagram of the Navon letter identification task
(NLIT) used in this study. A hierarchical stimulus composed of local
letters was presented using the upper time limit of the response (2 s).
After the button press response, a blank screen was shown for 1 s
before the next stimulus was presented

The NLITs consisted of 10 practice trials and 70 main
trials. Subjects were seated 60 cm from a 19-inch LCD
monitor. Subjects were informed that a stimulus would
appear in the middle of the screen and that they should
respond to each stimulus by clicking the computer mouse.
If either feature of a given stimulus picture matched the
informed target (for instance, the alphabetical letter ‘E’
could be the target of the task), the subjects were instructed
to click the left mouse button. If neither local nor global
feature matches the target, the subjects were told to click the
right mouse button. The Navon letter stimuli (one of 16
possible combinations; 4 local features and 4 global fea-
tures) were presented in pseudo-random order. Instructions
that included the target(s) and the start/end of the sessions
were provided in the center area of the screen to prevent
distraction resulting from experimenters’ actions. Subjects
performed practice trials before the main trials. The stimulus
presentation was controlled by a computer program (C++)
developed by the authors. The maximum response time limit
was 2 s per stimulus. Each stimulus picture disappeared
when a subject responded or the maximum time limit had
passed, and a blank screen was shown for 1 s before the next
stimulus appeared (Fig. 1). The entire procedure took ap-
proximately 10-20 min, including the practice trials, in-
struction messages, and main trials.

Data acquisition

EEGs were recorded using a Neuroscan SynAmps® EEG
recording system (Compumedics Neuroscan, Australia), with
a cap of 32 electrodes (Ag/AgCl Quik-Cap, Compumedics
Neuroscan, USA). The standard electrode sites used in the
study followed the international 10-20 system (Jasper 1958).
We used linked mastoid references, and an extra electrode
(FPz) between FP1 and FP2 was employed as a ground. In

addition, we recorded eye movement and eye blinking using
horizontal and vertical electro-oculograms (HEOG and
VEOG). The impedances of all electrodes were kept below
5 k€. EEG data were digitized using a sampling frequency of
1,000 Hz and were amplified with a SynAmps® amplifier
(Compumedics Neuroscan, USA).

For behavioral data acquisition, we obtained the response
time (RT) from the onset of the stimulus to the subject’s
mouse click. Corresponding information regarding the cor-
rect answer was recorded automatically by our software for
cognitive tasks.

Data analysis
Behavioral data

The performance outcome files from the software for cog-
nitive tasks were analyzed to estimate the percentages of
correct answers and the mean RTs. The percentage of correct
answers of each subject was calculated by analyzing the
outcomes of the subject’s mouse-click responses. Wrong
answers and no answers were treated as incorrect answers.
We also excluded the RTs for incorrect answers.

We used the SPSS software (version 11.0.1, SPSS Inc.,
Chicago, IL, USA) for all statistical comparisons of the
behavioral data obtained during the experiment. Student’s
t-tests were used to compare gender-related differences in
RTs and the percentages of correct answers.

Preprocessing of EEG data

We used the EEGLAB software toolbox (v6.03, http://www.
scen.ucsd.edu/eeglab) on Matlab v7.0 (Mathworks, USA)
for EEG analysis (Delorme and Makeig 2004) to preprocess
the EEG data. First, we removed the channel baseline means
from the continuous EEG dataset of each subject and re-
referenced them to an average reference. Employing the
‘pop_ecegfilt’ function of the EEGLAB toolbox, EEG data
were band-pass filtered using the basic FIR filter in a range
of 1-55 Hz. Then, eye movement artifacts and 60 Hz elec-
trical noise were removed using the independent component
analysis provided by EEGLAB and canceling components
by visual inspection. For each trial, EEG epochs of
1,500 msec (beginning 500 msec before the onset of visual
stimuli) were selected from the continuous EEG records.
The epochs of the practice sessions and those for which
incorrect or no answers were obtained were excluded from
EEG analyses. Furthermore, every epoch containing signif-
icant artifacts was removed for analysis via visual inspec-
tion. Four frequency bands were defined for further
analyses: theta (4-8 Hz), alpha (8—12 Hz), beta (12—
30 Hz), and gamma (30-50 Hz). (The delta frequency band
was not analyzed because length of the EEG data used for
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further analyses (500 msec) was too short to conclude the
spectral activities within 1-2 Hz).

Time/frequency spectral analyses: Event-related spectral
perturbation (ERSP) and inter-trial coherence (ITC)

For event-related time/frequency analyses, we used ERSP and
ITC, both of which provide conceptual frameworks for ob-
serving and modeling event-related brain dynamics that occur
consistently across a set of trials (Delorme and Makeig 2004;
Makeig et al. 2004). In general, the event-related EEG phe-
nomena have both ‘evoked’ and ‘induced’ aspects, which are
measured by ITC and ERSP, respectively (for a review, please
see Makeig et al. 2004). We used the ‘newtimef” and ‘new-
crossf” functions of the EEGLAB software package to com-
pute the ERSP and ITC before and after the Navon letter onset.
We used a pre-stimulus baseline correction from —500 msec to
0 msec and expressed all results as increases or decreases
relative to this baseline (in logarithmic decibel scale for
ERSP and in coherence units ranging from 0 to 1 for ITC).
To avoid windowing artifacts, we reported results from
—200 msec to 1,000 msec. We used EEGLAB’s default algo-
rithm. Each epoch was subjected to short-time Fourier analysis
using fast Fourier transforms (FFTs). In addition, a Hanning
window tapering was applied to each epoch. A frequency range
of 1-50 Hz and zero padding was employed. The significances
of gender differences in ERSP and ITC measurements were
tested for each electrode using Student’s t-tests. Nineteen elec-
trodes included in the standard international 10-20 systems
were analyzed out of the 32 channel locations (extended 10—
20 system in the Quick-Cap, Compumedics, USA).

Source localization analysis: sSLORETA

To investigate cortical source distributions during visual
sensory processing, we selected time intervals of interest,
based on the ERSP/ITC analysis for which significant gen-
der differences exist (described in the results section). Each
trimmed epoch was converted to a text format for use with
the sSLORETA software package, the newest version of
LORETA. sLORETA has been reported to produce minimal
localization errors (R. D. Pascual-Marqui et al. 2002;
Wagner et al. 2004) and estimates of current EEG sources
in 6,239 cortical gray matter pixels, according to the prob-
ability atlases of the Brain Imaging Center, Montreal
Neurological Institute (MNI 305) (Sekihara et al. 2005;
Talairach and Tournoux 1988). These maps were derived
by performing a location-wise inverse weighting of the
results of a minimum-norm least-squares (MNLS) analysis
along with their estimated variances. The MNLS approach
is based on lead field theory and provides an inverse
solution for an EEG or MEG that is the best estimate in
the least-square sense.
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Each trimmed epoch was transformed to a cross-
spectrum using the SLORETA software package. Standard
32-channel electrode coordinates of the international 10-20
system were transformed to the transformation matrix using
sLORETA tomography and no regularization. In each fre-
quency band and for each of the 40 subjects, we computed
the corresponding cortical sources of electrical neuronal
oscillators.

Each frequency band of the cortical source was compared
between genders using the statistical nonparametric map-
ping (SnPM) provided in the SLORETA software package.
In the current study, gender differences were examined by
assessing log of ratio of averages (similar to log of F-ratio;
see R. Pascual-Marqui 2002 for datails). Electrode/voxel-
wise normalization and 5,000 randomization with no
smoothing for SnPM were also used. Voxels with significant
differences were mapped in the MNI template provided by
the SLORETA software package.

Results
Behavioral data

Table 1 shows the demographic data for the participants
in this study. The mean age and the degree of education
were matched, and no statistical differences were found
between male and female subject groups. The age range
was confined to 20 to 26 years to minimize possible
biases based on age variation. All subjects were right-
handed, and there were no statistical differences in the
laterality quotients obtained via the Edinburgh handed-
ness inventory (Oldfield 1971).

Table 1 also provides the behavioral performance (i.e.,
the percentages of correct answers and RTs) of each gender
for the NLITs. There were no significant differences in the
percentages of correct answers. Both genders showed high
percentages of correct answers, but the RTs of male subjects
were significantly faster (shorter) than those of female sub-
jects (Table 1 and Fig. 2). This result indicates that both
genders are equally able to perform the NLITs and that male
subjects are fast responders to the NLITs.

Time-frequency spectral analyses: event-related spectral
perturbation (ERSP) and inter-trial coherence (ITC)

Figures 3 and 4 show the grand mean ERSP and ITC planes
for each gender. Statistical differences between groups
obtained via independent sample #-test (p<0.05 uncorrected,;
significant differences with p<0.003 were marked with
green arrows) are indicated by marking the significant areas.
The ERSPs at the Fz, C3, Cz, C4, and Pz electrodes at
frequency ranges of 4-20 Hz (theta, alpha, and beta)
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increased from the baseline at the stimulus onset and lasted
over 1,000 msec in both genders. In the frontotemporal
electrodes (e.g., Fpl, Fp2, F7, F8, T7, and T8), the ERSP
increments were higher 500 msec from the stimulus onset.
Decreased ERSPs were found at almost all electrodes for the
frequency range of 12—15 Hz (beta range) in both genders.
In the case of ITC, evoked responses were found for almost
all electrodes at a frequency range of 4-25 Hz (theta, alpha,
and beta) and a time range of 0-300 msec after the stimulus
onset. Females showed significantly higher ITCs than males
in all electrodes except FP2 (4-10 Hz) and F8 (4-10 Hz)
that males showed higher ITCs than females (Fig. 3).
Furthermore, gender differences were found in the ERSPs
at the high frequency range (~20 Hz; beta and gamma) at Pz,
F4, T7, and T8 electrodes (Fig. 4). Female subjects showed
significantly higher ERSPs at the Pz, F4, T7 and T8 electro-
des than male subjects, while male subjects showed higher
ERSPs at the F4 and T8 electrodes (Fig. 4; blue box).

Statistical nonparametric mapping (SnPM) by sSLORETA

We prepared a topographical map of the statistical differ-
ences obtained for male and female subjects during the 0 to
500 msec time interval, at which most of the significant
gender differences in ERSP and ITC were observed.
Figure 5 shows 3-dimensional cortical mapping of the
results from SnPM and compares estimated current sources
between genders. Table 2 summarizes the specific areas in
which maximal statistical differences in current source den-
sities were observed for each frequency band. Maximal
differences were found in the right posterior temporal areas,

with male subjects showing higher theta-band current den-
sity magnitudes than female subjects. An unequal contribu-
tion of the right temporal lobe during the visual verbal
processing was found in males and in females. This result
suggests that male subjects may be more dependent on the
right temporal lobe than female subjects during visual verbal
processing.

Discussion

The present study assesses gender differences in the visual
sensory processing of NLITs using ERSP and ITC behav-
ioral measures and estimates the current source distribution
in a 3-dimensional brain model assessed by sLORETA.
Both males and females showed good accuracy in their
NLIT responses, but the response time for male subjects
was significantly faster than for female subjects. In event-
related temporo-spectral dynamics, the female subjects
showed higher induced (ERSP) in beta band and evoked
(ITC) activities in theta and alpha bands (at central electro-
des such as C3 and Cz) than male subjects. Male subjects
showed significantly higher activities at right hemispheric
frontal and temporoparietal electrodes, such as F8, P4, and
P8, than female subjects. The source analysis (using
sLORETA) of time ranges in which ERSP and ITC between
genders were statistically different revealed that the right
posterior temporal regions are the most significantly differ-
ent areas (between genders) in theta band oscillation.

This study was designed to investigate gender differences
in visual sensory processing of verbal stimuli. The task of

@ Springer



Brain Imaging and Behavior (2012) 6:387-396

392

_ oR
o @0
m_ bc m u.mo.w
o= e = o
= |5 sV
Slaz
= o U
1° Q
L 0
T RR E SRR m
w
8 on | £
o =2 |
8| m% L(2ES
o ©
| =% >& Vv
o o=

g TR RE % SRARE
(zH) Aousnbal4 K

pringer

Qs



Brain Imaging and Behavior (2012) 6:387-396

393

<« Fig. 3 Gender comparisons of the ERSPs and ITCs from 19-channel
10/20 system electrodes and their statistical planes. The ERSPs reveal
various induced activities depending on the location of the electrodes
in a range that varies from 0 to 1,000 msec. Prominently evoked
activities in the ITC planes are limited to the range of 0-300 msec in
the alpha and beta frequency bands. The electrodes that females
showed higher ERSP than males were marked with red boxes, and blue
boxes in other cases. Significant differences with p<0.003 were
marked with greed arrows (no significant activities were found when
family-wise-error correction was applied)

identifying complex Navon letters revealed gender differ-
ences that males had higher induced brain activities in the
right posterior temporal areas than females. Previous studies
have concluded that males have superior visuospatial abili-
ties compared to females (Voyer et al. 1995), which should
account for the faster male response time. In general, studies
involving the decoding of visually presented language sym-
bols have included the following four levels of complexity:
reading letter-like fonts, reading letter strings, reading
words, and reading stories (Petersen et al. 1990; Snyder et
al. 1989). Without lexical processing (i.e., the Navon letter
is meaningless), the NLITs assesses only a low level of
language processing that involves ‘reading letter-like fonts’.
It is possible that the Navon letter task requires visuospatial
recognition of patterns rather than language processing,
analogous to Japanese writing.

Japanese writing is most commonly expressed via two
symbol systems, Kanji and Kana. Kanji is composed of com-

Fig. 4 ERSPs, ITCs, and 50! -
statistical planes for four
exemplar electrodes with
significant group differences
(Pz, F4, T7, and T8) electrodes.
Significant differences marked
with blue square represent the
region that males showed larger
ERSP than females (others:
female>male)
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plex characters representing both phonetic and semantic val-
ues. By contrast, Kana is based on phonemes, like most
Western languages (Roland 1993). Law et al. (1992) reported
that the visual association areas and the posterior inferior
temporal region are activated more during Kanji reading than
during Kana reading. Conversely, the supramarginal gyrus is
activated more during Kana reading than Kanji reading
(Koyama et al. 1998; Law et al. 1992). Interestingly, even
though NLITs differ from other word-recognition tasks, pre-
vious studies have shown that temporal regions of the brain
(the superior temporal gyrus and fusiform gyrus) engage in
evaluating the random strings or pseudo words (Jessen et al.
1999; Mechelli et al. 2005). Wise et al. (1991) found that the
left posterior superior temporal gyrus was more intensely
activated when subjects read meaningful words than when
they read false fonts. The right hemispheric activation we
observed supports the hypothesis that NLITs require visuo-
spatial processing rather than language processing.

Three alternative theories could explain our findings.
First, the neural activations we identified might reflect lan-
guage processing differences between genders because
NLITs may also require language processing. Some previ-
ous reports indicate that the right hemisphere is involved in
critical language functions (Day 1977; Ross 1981; Ross and
Mesulam 1979). However, it has long been hypothesized
that language functions are more strongly lateralized to the
left hemisphere in males than in females (Hampson and

]

2SS

f

Frequency (Hz)

e
" - g
1 1 1 ] 1 []
0 1000 0 1000 0 1000
Time (msec)

@ Springer



394

Brain Imaging and Behavior (2012) 6:387-396

Right

Fig. 5 The statistical cortical mappings of theta bands obtained from
the SnPM (male—female). The male subjects show greater advantages
regarding theta-band current densities in the right posterior temporal

Kimura 1992; Kimura 1999; Levy 1972), and many studies
investigating functional and anatomical sex differences sup-
port this hypothesis (Kulynych et al. 1994; Luders et al. 2006;
Ortigue et al. 2005; Shaywitz et al. 1995; Steinmetz et al.
1992; Witelson 1989). Several recent studies have emphasized
inconsistencies among findings on such gender differences in
language processing (Harrington and Farias 2008; Ihnen et al.
2009; IE Sommer et al. 2008; Wallentin 2009). These studies

Table 2 Summary of the SLORETA statistics between genders (Male—
female).

XY Z Critical

val.®

Hemisphere/Area

Theta 55 -35 20 0.991* Right Inferior Temporal

Gyrus, BA20
55 —40 20 0.988* Right Inferior Temporal
Gyrus, BA37
50 =30 -5 0.986* Right Middler Temporal
Gyrus, BA21
Alpha 60 -35 0 0.803  Right Middle Temporal
Gyrus, BA22
65 —40 0 0.802 Right Middle Temporal
Gyrus, BA21
65 -30 5 0.799  Right Superior Temporal
Gyrus, BA42
Beta 60 —-35 25 —0.348 Right Inferior Parietal Lobule,
BA40
55 35 20 —0.340  Right Insula, BA13
60 —35 20 —0.339  Right Superior Temporal
Gyrus, BA 42
Gamma 65 —40 35 —0.591 Right Inferior Parietal Lobule,
BA40
50 25 30 —0.548  Right Postcentral Gyrus, BA2
45 =70 40 —0.544  Right Inferior Parietal Lobule,

BA39

Three highest regions for each band are given. MNI152 coordinates are
presented as the values denoting X, y, and z-axis in mm scale. The
critical values from SnPM are presented and plus signs indicate males’
dominance. * Critical value (log of ratio of averages) of one-tailed
statistics for p<0.05 is 0.892. * The threshold (log of ratio of averages)
above critical point; BA, Brodmann area
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have suggested that publication bias or task analysis method
variability may account for inconsistently observed gender
differences. Chen et al. (2007) and Dong et al. (2008) showed
that males and females have different neural predictors of
visual word learning, suggesting that individual differences
might blur gender differences. As described in the Materials
and Methods section, the differences obtained in this study
were examined with strict statistical constraints. Nonetheless,
the gender differences we observed may be limited to the
specific task and analysis methods used in the current study.

Second, we cannot exclude the effects of visual working
memory performance, which may also be required for the task
used in this study. In the NLITs, the subjects are required to
respond to a target provided at the beginning of the session
during the series of pseudo-random Navon letters. Thus, it is
possible to regard the NLITs as a modified version of a
continuous performance task that measures a person’s sus-
tained and selective attention (Conners 1994). There is con-
vincing evidence that EEG oscillations in the theta band are
related to working memory tasks and, therefore, measure
executive attention (for a review, please see Klimesch 1999).
Sauseng et al. (2004) observed theta coupling between pre-
frontal and right posterior temporal electrode sites during
visual working memory tasks (Sauseng et al. 2004).

Third, the results may reflect the intensive effects of ana-
tomical differences between genders. It has been suggested
that anatomical differences in brain structure and organization
may inform the functional differences in cognitive processes
between genders (Amunts et al. 2007; Wood et al. 2008). In
one large sample study, Sowell et al. (2007) reported that
cortical thickness mapping showed thicker cortices in the right
inferior parietal and posterior temporal regions in females than
in males, even when no corrections were made for total brain
volume (Sowell et al. 2007). In their discussion, the authors
asserted that the thicker female cortex may not necessarily be
better than a thinner one. In normally developing children,
cortical thinning of frontal and parietal cortices has been
associated with improvements in the performance of language
tasks (Sowell et al. 2001, 2004). Reports have suggested that
the thinner cortices in the temporoparietal regions of males, if
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they result from greater pruning and myelination during de-
velopment and more efficient computational processing, may
contribute to the superior visuospatial skills of males. Of
course, these alternative explanations may not be exclusive.
In addition, we cannot ignore an opposing view that suggests a
causal effect of behavioral gender differences (e.g., social con-
text) on biological and anatomical differences (Kaiser et al.
2009). Consequently, a variety of task designs with Navon
letters and more detailed cognitive assessments are required to
address these issues. Another limitation of this study is that we
did not examine the effects of potentially impacting factors
such as the handedness (LQ) and 1Q of each subject.

Using ERSP, ITC, and sLORETA, we assessed gender
differences in events related to temporo-spectral dynamics
and cortical oscillators during NLITs. The results revealed that
men and women perform differentially across physiological
measures of the cognitive processing of Navon letters. This is
likely due to gender-specific perceptual processing, particular-
ly regarding the right posterior temporal area. Collectively, our
results identify biological correlates for gender-specific hemi-
spheric specialization regarding visuospatial cognition. We
suggest that further research should utilize electrophysiologi-
cal measurements to investigate the gender differences in brain
function and processing that we associate with the behavioral
differences reported in this study.
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