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The ability to implement targeted behaviors and
control one’s own activity is an important feature of
the human being enabling cognitive control of human
activity. Executive functions underlie his ability [1, 2];
voluntary task switching (TS), or the ability for con�
scious and quick shifting of the focus of attention
between different tasks, operations, or mental activi�
ties [3], is an important component of these functions.
The majority of neuroimaging studies of TS point at
bilateral dorsolateral prefrontal and parietal areas as
the main neural substrate of this process [4–6]. How�
ever, the study of brain functioning is not limited to the
clarification of the general structure of brain areas
involved in the implementation of a certain function;
many researchers aim at detecting differences in brain
functioning in subjects of different sexes and ages,
people suffering from organic or mental diseases [6–
9], etc.

Differences between men and women were discov�
ered in a large number of studies addressing brain
morphology, cognition, and emotional processes; dif�
ferences at the neurophysiological and neurochemical
levels were detected as well, notwithstanding the

apparent overall similarity of certain forms of behavior
and results of cognitive activity [7, 8, 10]. For instance,
several researchers reported that the posterior part of
the corpus callosum is larger in women than in men
[8], although other studies did not reveal any differ�
ences [11]. According to some reports, the volume of
the ventral anterior part of the cingulate gyrus is larger
in women than in men [9]. A number of reports stated
that the volume of the gray matter in the brain, as well
as the ratio between gray and white matter volumes, is
higher in women, while the white matter volume is
higher in men [12]. Secretion of the male sex hormone
testosterone during fetal development was shown to
affect the emergence of brain asymmetry [10]. Psy�
chophysiological studies demonstrated that the rest�
ing�state functional connectivity correlated differently
with risk propensity in men and women [13]. Neu�
roimaging studies revealed sex�related differences in
BOLD response during the assessment of stress level
associated with video clip watching and test�taking
[14], as well as the difference in hippocampus activa�
tion associated with performing spatial tasks [15]. Psy�
chological studies showed sex�related differences in
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visuospatial tests, speed of perception, properties of
attention [7], and other characteristics.

Notwithstanding the large number of studies
addressing structural, functional, and psychological
features of sex�related differences, neuroimaging
studies of TS in men and women are extremely scarce,
although psychological studies demonstrate the differ�
ence in men’s and women’s performance in voluntary
attention switching. Several studies have shown that
women are better at tasks requiring frequent attention
switching [7, 16] and demonstrate higher regulatory
flexibility [17], while men are better at visuospatial
tasks and exhibit greater flexibility in problems related
to mental rotation of shapes [7]. We are currently
aware of only one functional magnetic resonance
imaging (fMRI) study addressing sex�related differ�
ences in visuospatial switch task [18]. This study
revealed increased activation in the inferior prefrontal
cortex, anterior cingulate gyrus, caudate nucleus, and
the inferior parietal region of women’s brains; no
increases in activation were detected in any area of the
male brains. Other neuroimaging studies addressing
executive functions revealed increased activation in
the prefrontal areas of the female brains and the pari�
etal areas of male brains upon working at tasks involv�
ing working memory and mental rotation of shapes
[19]; tasks related to motor inhibition resulted in
increased activation of frontal, parietal, temporal, and
thalamic areas of the female brains [20]. These obser�
vations suggest different strategies for the fulfillment of
the same tasks by men and women.

Thus, neuroimaging studies on executive functions
revealed the principal differences in the activation of
prefrontal and parietal areas of the brain in men and
women; on the other hand, sex�related differences in
performance in TS were demonstrated by psychologi�
cal studies. We assume that comparison of the results
obtained in these two types of studies will ensure a
more thorough analysis and understanding of the
mechanisms of visual attention switching in men and
women; in addition, the role of the prefrontal and
parietal areas, as well as the possible involvement of
other brain areas in these processes can be clarified.

Therefore, the aim of the present study was to ana�
lyze the distinctive features of visual TS in men and
women using fMRI and psychological tests.

METHODS

Eighty�two subjects 21–48 years of age partici�
pated in the study; they all filled out questionnaires on
neurological or mental disease. The presence (or
absence) of organic brain damage was determined in
the T1 and T2 weighted images. A threshold value of
75% correct answers was set to increase the validity of
the data. Handedness was defined using the Annett
test [21]. The subjects who had organic brain damage
(eight subjects), gave less than 75% of correct answers
(three subjects), or were left�handed (one subject)

were excluded from the study. The final set included
70 subjects of 21–48 years of age: 36 men (average age,
34.83 ± 8.95 years) and 34 women (average age,
32.12 ± 6.6 years). The educational level of the sub�
jects was distributed in the following way: 10% had
secondary professional education; 10%, unfinished
higher education; 70%, higher education; and 10%,
an academic degree. The male (m�group) and female
(f�group) subject groups did not differ significantly
with respect to age or education level.

All subjects gave written consent for participation
in the experiment, data processing, and publication of
the results, as required by the Declaration of Helsinki.

Visual Switching Task Used in the fMRI Study

The task consisted of two types of blocks: the exper�
imental block requiring the subjects to switch atten�
tion from one condition of the task to another condi�
tion and the control block not requiring attention
switching and limited to fulfillment of the commands
given on the screen. A scheme of an example task is
shown in Fig. 1.

Assessment of the shape or number of geometrical
figures presented was required of the subject during the
experimental block of the task. One or two white geo�
metrical figures were presented on a black back�
ground; each presentation was preceded by a cue
image defining the assessment criterion. The cue
image either showed an empty square or two empty
circles. If an empty square was presented to the sub�
ject, he or she had to respond according to the shape
of the subsequently presented image (square or not),
pressing the right button when seeing a square shape
and the left button when seeing a non�square shape,
regardless of the number of shapes on the screen. If
two empty circles were presented to the subject, he or
she had to respond according to the number of the
shapes presented after the circles, pressing the right
button if two objects were presented, or the left button
if just one object was presented, regardless of the shape
of the objects. The subject had to follow the sequen�
tially presented figures and assess their shape or num�
ber according to the preceding cue image. The figures
were presented in a pseudorandom order. Every block
included three switches of conditions.

The control block consisted of presentation of a tri�
angle pointing to the left or to the right, and the subject
had to press the button corresponding to the direction
in which the triangle was pointing; that is, the cue to be
followed was explicitly presented on the screen. A
cross was shown between the consequent triangle pre�
sentations.

The subjects were shown the “Sorting” command
before each experimental block and the “Direction”
command before each control block. The command
was presented for 2000 ms and followed by a black
screen (for 1000 ms) and the test block. Each figure
was presented for 4000 ms, and the cue images in the
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experimental blocks, as well as the crosses in the con�
trol blocks, were presented for 1000 ms. Each block
consisted of six shapes. The duration of a block was
30 s. The blocks were presented in a pseudorandom
order, with eight blocks for each condition, and a
training experimental block at the beginning of the test
(this training block was not included into the further
data analysis). A cross at the center of the screen was
presented for 9 s between blocks and the subjects were
instructed just to look at it. The number of left and
right button presses was similar both in the experimen�
tal and control conditions. The subject had to press the
buttons with the left hand, using the index finger to
press the right button and the middle finger to press
the left button. The duration of the whole task was
12 min and 9 s.

All subjects were trained by performing a short
computer task similar to the experimental task prior to
the actual experiment. After the subject performed the
task correctly, he or she was asked to perform the same
task inside a MRI scanner.

The fMRI task for task switching was presented to
the subjects in an automatic mode using the E�Prime 1.0
software. The time of reaction to stimuli, as well as the
number of correct and incorrect answers, was regis�
tered as the subjects performed the task.

Neuropsychological tests for the assessment of
memory and executive functions. The Delis–Kaplan
test [22]—specifically, the D�KEFS Trail Making Test
battery—was used for the assessment of executive
functions in the present study.

This test includes five subtests. The main subtest is
intended for TS analysis and involves the assessment of
cognitive flexibility. It requires the subject to switch
between numbers and letters sequentially, with the
highest possible speed. The remaining four subtests
allow for the assessment of key components required
for the fulfillment of a TS task, namely, visual scan�
ning, ordering of numbers, ordering of letters, and a

subtest assessing the speed of hand movement upon
drawing straight lines. The subjects were asked to
recall the Russian alphabet before the letter ordering
test, since the knowledge of the alphabet is insufficient
in some speakers of Russian.

The time of task completion (in seconds) and the
number of mistakes were the parameters used for the
assessment of the subjects’ performance in the Delis–
Kaplan test.

The Wechsler Memory Scale [2] was used to assess
auditory and visual memory.

The first and second subtests of this test are
intended for the assessment of auditory attention and
memory. The subject has to memorize series of num�
bers (of increasing length) and repeat them in direct or
reversed order. The third subtest is used to assess audi�
tory working memory and involves the presentation of
a random sequence of letters and numbers. The sub�
ject has to name the numbers in the direct order and
then name the letters in alphabetical order. The fourth
and fifth subtests address visual memory and visual
attention. The subject has to remember the sequence
of cubes randomly placed on a board and recall it in
direct or reversed order.

Performance in the Wechsler test was assessed
according to the maximal length of a completely
remembered series and the percentage of correct
answers.

Each subject was given both fMRI and psychologi�
cal tests on the same day. Some subjects first took the
fMRI test that lasted approximately 30 min, and then
took the neuropsychological tests that lasted 30–
40 min, some subjects first took the neuropsychologi�
cal tests and then the fMRI test, and the rest of the
subjects fulfilled a part of the neuropsychological tasks
prior to the fMRI study and took the remaining tests
after the imaging. Breaks of 5–10 min separated fMRI
and psychological tests.

30 s

1 s

4 s
no yes

Responses

Experimental
cue

1 s

4 s

1 s

4 s

no yes

no yes
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1 s

4 s
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1 s

4 s

1 s

4 s

Fig. 1. An example of experimental and control conditions used in the fMRI study.
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Parameters of scanning. The fMRI scans were per�
formed on a MAGNETOM Avanto 1.5T device (Sie�
mens). The T1 MP�RAGE sequence (TR, 1900 ms;
TE, 2.91 ms; slice thickness, 1 mm; 176 slices; FoV,
250 mm; reconstruction matrix, 256 × 256; voxel size,
1 × × 1 × 1 mm) was used to construct a sagittal ana�
tomical image. The EPI sequence was used to register
the BOLD signal in fMRI (TR, 3000 ms; TE, 50 ms;
35 slices; FoV, 192 mm; reconstruction matrix, 64 ×
64; voxel size, 3 × 3 × 3 mm). The total number of mea�
surements in the fMRI study was 241.

Data processing. The data obtained were processed
on the individual and group level using the SPM8 soft�
ware (http://www.fil.ion.ucl.ac.uk/spm/) based on
Matlab R2012 (MathWorks, Natick, United States).
The sections were oriented parallel to the plane bisect�
ing the frontal and caudal commissures of the brain.
Prior to second level statistical analyses, the images
were realigned coregistered, segmented, and normal�
ized to the stereotactic template of the Montreal Neu�
rological Institute (MNI�template). Normalized
images were smoothed with a Gaussian kernel of 8 mm
FWHM. Individual activation maps were constructed
using the general linear model. Group maps were pro�
duced from the data of individual subject maps using a
random effect model. One�sample t test was used to
construct the group activation maps, and two�sample t
test was used to compare the groups. All the activation
clusters identified were presented in MNI coordinates.
Statistical thresholds for the analysis of group activa�
tion maps in individual groups were set at the voxel
level р < 0.01, with correction for multiple compari�
sons, and the significance level for the clusters
р(FWE�corr) was set at p < 0.001. The voxel threshold
for the comparison of groups was set at p < 0.001
(unc.), with a corrected significance threshold for the
clusters р(FWE�corr) at p < 0.001. The SPM anatomy
toolbox application, version 1.8 [23] was used to char�
acterize the spatial localization and volume of the acti�
vated areas. The Brodmann areas were identified using
the Talairach Client 2.4.3 software; for this, the MNI
coordinates were transformed into Talairach and
Tournoux coordinates [24] using GingerALE 2.3.1
software. The Marsbar software [25] was used to assess
the contrast values for each group separately and to
estimate the difference between groups. The areas of
interest for this analysis were selected using the
WFU_PickAtlas_3.0.4 software and included the
areas mentioned in most reports of studies addressing
voluntary switching of attention [26]: the lower frontal
gyrus (the triangular part) in the left hemisphere (LH)
and the right hemisphere (RH), the middle frontal
gyrus of the LH and RH, and the inferior parietal lob�
ule of the LH and RH. Assessment of the connections
between the contrast of BOLD signal (the value for
experimental conditions minus the value for control
conditions) and the results of psychological tests was
performed using the SPM8 software with the voxel
threshold set at p < 0.001 (unc.) and the corrected sig�

nificance threshold for the clusters р(FWE�corr) set at
p < 0.01. Statistical processing of behavioral data
(reaction speed and the number of correct and incor�
rect answers) and the comparison between the degrees
of signal increase in the regions of interest were per�
formed using the SPSS 16.0 software. Normal distri�
bution of the data was verified prior to the actual anal�
ysis using the Kolmogorov–Smirnov test. Differences
between groups were assessed using the Mann–Whit�
ney U�test (for variables not following a normal distri�
bution) or Student’s t�test (for variables following a
normal distribution).

RESULTS

The distribution of values of almost all the depen�
dent variables deviated from normal, as shown by the
results of Kolmogorov–Smirnov test (р < 0.05 for all
variables), with the reaction speed in D�KEFS sub�
tests 1, 2, and 3 and signal increase in the areas of
interest forming an exception (р > 0.09).

Group performance in an fMRI TS was assessed
first. Both groups generally showed good perfor�
mance; the average percentage of correct responses in
the TS task was 97 for the m�group and 98 for the f�
group, although five subjects from the m�group and
one subject from the f�group gave less than 90% cor�
rect responses. The average percentage of correct
responses in the control task was 99 for both groups.
The number of subjects who did not make any errors
in the TS task was 60% in both groups.

The number of errors and the average reaction
speed were then compared between the m�group and
the f�group. The number of errors (average rank 35.42
for the m�group and 35.59 for the f�group) in the TS
(the Mann–Whitney U�test was 609.0, р = 0.968) and
in the control task (U = 572.0, р = 0.333) did not
exhibit significant differences between groups.

The “net” time of TS was estimated by subtracting
the reaction time for the control block from the reac�
tion time for the experimental block. Average reaction
speed (net TS time) values did not exhibit significant
difference between groups (m�group: M = 380.88,
SD = 185.91; f�group: M = 318.55, SD = 162.57); t =
1.49, p = 0.141. Thus, the data obtained demonstrate
the absence of significant difference between the num�
ber of errors and average TS time for the two groups of
subjects.

The brain areas involved in TS were identified using
the assessment of relative difference between the
BOLD signals for the two conditions (experimental
minus control). Activation clusters with maximal sig�
nal intensity observed upon the fulfillment of a TS task
in the m�group were located in the inferior and middle
frontal gyri (Brodmann area (BA) 9), inferior and
middle occipital gyri (BA 18), inferior parietal lobule
(BAs 7 and 40), cerebellar cortical areas, supplemen�
tary motor area (BA 6) of the LH and RH, precentral
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gyrus (BA 6), LH thalamus, and RH insula (BA 13)
(Table 1, Fig. 2).

Activation clusters with maximal signal intensity
observed upon the fulfillment of a TS task in the
f�group were located in the inferior frontal gyrus (BA 9),
inferior and middle occipital gyri (BA 18), inferior
parietal lobule (BAs 7 and 40), cerebellar cortical areas
of the LH and RH, and precentral gyrus (BA 6) of the
LH (Table 1, Fig. 3).

The increase of the BOLD signal for the middle
frontal gyrus (BAs 9 and 10) of the LH and RH, sup�
plementary motor area (BA 6) and insula of the RH,
inferior frontal and precentral gyri (BAs 9 and 6,
respectively), and superior and inferior parietal lobules
(BAs 7 and 40) of the LH was more pronounced in the
m�group than in the f�group (Table 1, Fig. 4). No areas
in which the increase of the BOLD signal in the
f�group exceeded that observed in the m�group were
identified.

Conjunction statistical analysis was performed to
identify the areas activated during the accomplish�

ment of the TS task in both groups of subjects. The
common activation areas with maximal signal inten�
sity were located in the inferior frontal gyrus (BA 9, 10),
inferior parietal lobule (BAs 7 and 40), inferior occip�
ital (BA 18) and precentral (BA 6) gyri, and cortical
cerebellar areas of the LH and RH, as well as in the
right insula (Table 1). Thus, the pattern of activation of
brain areas in the m�group was similar to that observed
in the f�group, but the volume of the activation clus�
ters in the dorsolateral prefrontal areas and the insula
was higher, and there were additional activation clus�
ters in the supplementary motor area of the LH and
RH of male, but not female brains.

The contrast values were calculated for each sub�
ject, and the groups were compared using the t�test for
independent samples, since the Kolmogorov–
Smirnov test showed that these variables followed the
normal distribution, and Levin test for the homogene�
ity of variance revealed the homogeneity of both
groups. The signal increase for the m�group signifi�
cantly exceeded that for the f�group in case of the infe�

Male subjects
Left  hemisphere

Inferior and middle frontal
gyri

 Inferior parietal
region

Supplementary
motor cortex

Inferior occipital
gyrus and cerebellum

Right  hemisphere

Insula
Inferior occipital

gyrus and cerebellum

Inferior parietal
region

Inferior and middle
frontal gyri

Supplementary
motor cortex

Fig. 2. The results of fMRI analysis in men performing a task switching as compared to fMRI pattern observed under the control
condition (voxel level p < 0.01, with correction for multiple comparisons; cluster correction p(FWE�corr) <0.001).
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Table 1. Activation clusters in brain areas during an fMRI study involving an attention switching task as compared to acti�
vation pattern under control conditions

Cluster size 
(volume in voxels) p(FWE�corr) H Localization MNI coordi�

nates {x; y; z} Peak T�value ≈BA

m�group

1216 .000 L Inferior frontal gyrus –45; 29; 25 14.02 9

Precentral gyrus –42; 2; 28 12.20 6

Middle frontal gyrus –45; 38; 28 11.89 9

1097 .000 L Inferior occipital gyrus –33; –88; –5 14.18 18

Cerebellum –27; –58; –29 11.92 –

Middle occipital gyrus –27; –94; 4 11.54 18

965 .000 R Middle occipital gyrus 30; –85; 4 13.68 18

Inferior occipital gyrus 36; –85; –2 13.61 18

Cerebellum 27; –61; –29 10.39 –

878 .000 R Insula lobe 33; 23; –2 12.07 13

Middle frontal gyrus 36; 50; 19 9.29 9

Inferior frontal gyrus 48; 11; 22 9.20 9

788 .000 R Inferior Parietal Lobule 42; –55; 49 12.78 7

Inferior Parietal Lobule 42; –49; 43 12.71 40

763 .000 L Inferior Parietal Lobule –36; –49; 43 15.52 40

197 .000 R SMA 3; 17; 46 10.96 6

L SMA –6; 20; 46 9.96 6

18 .000 L Thalamus –12; –19; 16 7.76 –

f�group

556 .000 L Middle occipital gyrus –30; –88; –2 11.75 18

Inferior occipital gyrus –39; –79; –11 11.36 –

540 .000 R Inferior occipital gyrus 30; –88; –2 11.47 18

Cerebellum 36; –67; –29 9.77 –

534 .000 L Inferior parietal lobule –36; –52; 43 12.69 40

321 .000 R Angular gyrus 36; –61; 52 10.00 7

SupraMarginal gyrus 48; –40; 43 8.65 40

303 .000 L Inferior frontal gyrus –45; 29; 25 8.94 9

Precentral gyrus –45; 8; 37 8.81 6

32 .000 R Inferior frontal gyrus 54; 29; 31 7.65 9

31 .000 L Cerebellum –27; –67; –50 9.94 –

m�group > f�group

826 .000 R SMA 3; 17; 46 5.79 6

Insula lobe 33; 23; –2 5.26 –

Middle frontal gyrus 33; 14; 61 5.12 –

223 .000 L Precentral gyrus –39; 2; 31 4.77 6

Inferior frontal gyrus –45; 17; 22 4.67 9

Middle frontal gyrus –48; 26; 34 3.85 9
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rior frontal gyrus of the LH (m�group: M = 0.3053;
SD = 0.1577, f�group: M = 0.1844; SD = 0.1402, t =
3.381, p = 0.001) and RH (m�group: M = 0.2011; SD =
0.1914, f�group: M = 0.0782; SD = 0.1366, t = 3.075,
p = 0.003); the middle frontal gyrus of the LH (m�
group: M = 0.2183; SD = 0.1651, f�group: M = 0.
0762; SD = 0.1438, t = 3.382, p = 0.000) and RH
(m�group: M = 0.2747; SD = 0.2032, f�group: M =
0.0894; SD = 0.1533, t = 4.288, p = 0.000); and the
inferior parietal lobule of the LH (m�group: M =
0.5558; SD = 0.2638, f�group: M = 0.3576; SD =
0.1791, t = 3.695, p = 0.000) and RH (m�group: M =
0.4883; SD = 0.2682, f�group: M = 0.3138; SD =
0.2619, t = 2.751, p = 0.008).

Differences between the performance of men and
women in neuropsychological tests were analyzed
using the Mann–Whitney U�test on the values of reac�
tion speed in Wechsler subtests 4 and 5 and total num�
ber of errors in the Delis–Kaplan test (Table 2); in
addition, t�test for independent samples was applied to

the values of time required to complete Delis–Kaplan
subtests 1, 2, and 3 (Table 3).

Significant differences between groups were
detected in the TS and the number ordering subtest.
The female subjects completed these tests in a signifi�
cantly shorter time. The difference between the time
periods required for completion of the letter ordering
test approached the level of significance, with women
performing faster in this task as well.

The number of errors and completion time (in sec�
onds) for each subtest of the Delis–Kaplan test along
with the percentage of correct answers and the maxi�
mal length of a completely remembered series in the
Wechsler test were used as the independent variables in
the analysis of correlation between BOLD signal con�
trast and performance in psychological tests. Signifi�
cant correlations between the BOLD signal and the
results (both error number and completion time) of
subtest 4 of Delis–Kaplan test intended for the assess�
ment of TS between tasks were detected. If a subject

Table 1. (Contd.)

Cluster size 
(volume in voxels) p(FWE�corr) H Localization MNI coordi�

nates {x; y; z} Peak T�value ≈BA

209 .000 R Middle frontal gyrus 36; 47; 31 4.98 9

203 .000 L Superior Parietal Lobule –36; –70; 52 4.26 7

Inferior Parietal Lobule –36; –49; 43 4.19 40

160 .000 L Middle frontal gyrus –33; –53; 19 5.10 10

Conjunction analysis

674 .000 L Inferior occipital gyrus –33; –88; –5 11.81 18

Cerebellum –33; –67; –26 7.23 –

674 .000 R Inferior occipital gyrus 36; –86; 0 11.24 18

Cerebellum 36; –71; –21 8.04 –

544 .000 L Inferior Parietal Lobule –36; –56; 48 12.24 7

431 .000 R Inferior Parietal Lobule 42; –55; 49 9.28 40

408 .000 L Inferior frontal gyrus –45; 29; 25 9.85 9

Precentral gyrus –45; 5; 40 8.61 6

35 .000 L Inferior frontal gyrus –42; 44; 7 6.32 10

32 .000 R Precentral gyrus 42; 5; 28 7.08 6

31 .000 R Inferior frontal gyrus 42; 29; 25 6.39 9

14 .000 R Insula lobe 33; 23; 1 7.15 –

H, hemisphere; L, left hemisphere; R, right hemisphere; BA, cytoarchitectonic Brodmann area; p(FWE�corr), threshold level of signifi�
cance for a cluster; Peak T�value, T values for the peaks.
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took more time to perform the task, increased activa�
tion with maximal signal intensity was detected bilat�
erally in the middle and inferior frontal gyri, the sup�
plementary motor area on the left, and the medial
occipital�temporal gyrus and cerebellum on the right.
The increase of the number of errors in the above
named task was accompanied by increased activation
with maximal signal intensity bilaterally in the middle
and inferior frontal gyri, the supplementary motor
area, the inferior parietal lobe, the lateral parietal gyri
and the cerebellum, as well as in the medial occipital�
temporal gyrus of the RH. Correlation with time of
completion of subtest 3 (searching for letters and
ordering them) was detected as well. Slower comple�
tion of the test corresponded to more pronounced
activation in the inferior and middle frontal gyri bilat�
erally, the parietal lobule, and the lateral occipital gyri
on the right. Results of the analysis of the correlation
between BOLD signal and performance in the above
named psychological tests are presented in Table 4. No
statistically significant correlations were detected

between BOLD signal contrast and performance in
other subtests of Delis–Kaplan test or in the Wechsler
test. Since the correlation was detected for the letter
ordering subtest but not the number ordering subtest,
performance quality and completion time for these
subtests were compared using statistical analysis. Pro�
cessing of numbers is automatized to a greater extent
than processing of letters, and therefore the difference
observed may be explained by the higher level of diffi�
culty of the third subtest. The same number of items
was presented in both tests. The Mann–Whitney
U�test was applied to the number of errors, and the
t�test for dependent samples was applied to the time of
task completion in order to detect differences between
the subtests. Significant differences between the
results of these two tests were detected: the subjects
completed the number ordering test in a significantly
shorter time (M(subtest 2) = 30. 66; SD = 9.7, M(sub�
test B) = 49.9; SD = 13.7, t = –10.31, p = 0.000), and
made significantly less errors (average rank 0 for sub�
test 2 and 5.5 for subtest 3, Z = –2.85, p = 0.004).

Female subjects

Left  hemisphere

Inferior and middle
frontal gyri

Inferior parietal
region

Inferior occipital
gyrus and cerebellum

Right  hemisphere

Inferior occipital
gyrus and cerebellum

Inferior parietal
region

Inferior and middle
frontal gyri

Fig. 3. The results of fMRI analysis in women performing a task switching as compared to fMRI pattern observed under the con�
trol condition (voxel level p < 0.01, with correction for multiple comparisons; cluster correction р(FWE�corr) <0.001).
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Thus, subtest 3 turned out to be less automatized and
more difficult for the study subjects.

DISCUSSION

Bilateral activation in dorsolateral prefrontal areas,
inferior parietal lobes, and inferior occipital gyri was
observed in both groups of subjects in the present
fMRI study of visual TS. Similar activation patterns
were reported by most neuroimaging studies address�
ing the switching of visual attention [4–6, 26].

In addition, significant differences in men’s and
women’s performance in a visual TS were revealed by
the present study. Significantly more pronounced acti�
vation of prefrontal areas, the left parietal lobe, and
the right insula of the brain was detected in the male
subjects; moreover, activation in the supplementary
motor area was observed for the men, but not for the
women. Activation of the supplementary motor area
for switching was reported previously by another
research group [4]. This zone is supposed to be

involved in processes requiring a change of the reac�
tion and inhibition of the response to the preceding
stimulus [27]; activation of this area was also observed
when difficult tasks were offered to the subjects, as well
as during the initial stages of learning [28], and there�
fore the function of this area is not limited to motor
tasks [29]. The right insula was also activated by tasks
of various types [28]. Note that additional or higher
activation of this area was observed in experiments
addressing the level of complexity of the tasks [28, 30].
Analysis of the effect of increasing task complexity on
brain activity performed by Tregellas et al. [28]
revealed increase of activation and the emergence of
additional activated areas in the supplementary motor
areas, insula, dorsolateral prefrontal areas, thalamus,
and striatum. The areas named above were not acti�
vated if the task was easy for the subjects [28]. Thus, a
higher degree of activation and the recruitment of
additional brain areas usually accompany the increase
in task difficulty in neuroimaging studies. Some stud�
ies also reported the decrease in activation of certain

Group, men > women

Left  hemisphere

Inferior and middle 
frontal gyri

Inferior parietal
region

Right  hemisphere

Inferior and middle
frontal gyri

Supplementary
motor cortex

Supplementary
motor cortex

Fig. 4. Differences in BOLD response intensity between the experimental and control conditions, male subjects > female subjects
(voxel level p < 0.001 (unc.), threshold level for cluster significance set at р(FWE�corr) < 0.001).
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brain areas after training, often accompanied by a
decrease in the number of errors and an increase in
productivity [31, 32]. The authors assume that the
decline of activation after training is related to more
efficient information processing.

Our study revealed a correlation between the
BOLD signal recorded in fMRI involving a TS and the

results of an independent psychological test designed
to assess TS and cognitive flexibility. Elevation of the
BOLD signal in the dorsolateral prefrontal areas and
the supplementary motor cortex was correlated with
slower completion of the test and a higher number of
errors in the psychological TS. One may assume that
more pronounced activation in the brain areas named

Table 2. Results of the Mann–Whitney test for the comparison of groups of men and women

Subtests of Delis–Kaplan test

1 2 3 4 4a 5

ARm 36.54 34.5 35.56 39.87 32.58 31.01

ARf 32.46 34.5 33.44 27.95 31.44 37.99

U 508.5 578.0 542.0 361.5 478.0 459.5

p 0.165 1.0 0.473 0.012 0.75 0.146

Subtests of Wechsler test

6 6a 7 7a 8 8a 9 9a 10 10a

ARm 35.69 33.56 38.51 36.03 34.37 31.76 35.33 34.83 37.19 34.66

ARf 34.24 36.58 31.17 33.88 34.64 37.41 33.62 34.15 30.52 33.28

U 569.0 542.0 557.0 467.5 573.0 481.5 548.5 566.0 448.5 537.0

p 0.759 0.526 0.651 0.116 0.953 0.232 0.71 0.886 0.15 0.769

ARm, average rank in the group of male subjects; ARf, average rank in the group of female subjects; U, U value for the Mann–Whitney
test; p, significance level. Variables: 1, number of errors (NE) in a visual scanning task; 2, NE in a number�ordering task; 3, NE in a letter�
ordering task; 4, completion time (CT) of a task switching (TS); 4a, NE in a TS; 5, CT for the speed of hand movement; 6, maximal
number (MN) of items memorized in the first subtest; 6a, percentage of correct answers (PCA) in the first subtest; 7, MN in the second
subtest; 7a, PCA in the second subtest; 8, MN in the third subtest; 8a, PCA in the third subtest; 9, MN in the fourth subtest; 9a, PCA in
the fourth subtest; 10, MN in the fifth subtest; 10a, PCA in the fifth subtest.

Table 3. Results of the t�test for the comparison of groups of men and women

Scales of Delis–Kaplan 
subtests

Group of male subjects Group of female subjects
t p

M SD M SD

1 17.74 3.5 16.38 2.98 1.75 0.084

2 33.64 10.63 28.47 8.33 2.23 0.023

3 53.01 15.19 46.89 10.84 1.91 0.061
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Table 4. Activation clusters in brain areas defined by the analysis of correlations between the BOLD signal contrast (exper�
imental condition minus control) and psychological subtest results

Cluster size 
(volume in voxels) p (FWE�corr) H Localization MNI coordi�

nates {x; y; z} Peak T�value ≈BA

Increase of time required for completion of Delis–Kaplan subtest 4

222 .000 R Middle frontal gyrus 36; 11; 61 4.40 6

Inferior frontal gyrus 51; 20; 37 3.89 8

104 .007 L Middle frontal gyrus –42; 20; 37 5.03 9

Inferior frontal gyrus –45; 11; 28 4.14 9

94 .012 L Frontal superior medial gyrus 0; 23; 40 4.75 32

SMA 0; 17; 48 4.17 6

88 .015 R Cerebellum 27; –79; –17 4.25 –

Lingual gyrus 18; –82; –11 3.90 –

Increase of the number of errors in Delis–Kaplan subtest 4

976 .000 R Lingual gyrus 18; –85; –11 9.75 –

Cerebellum 36; –73; –23 5.88 –

439 .000 R Middle frontal gyrus 39; 11; 58 8.10 6

Inferior frontal gyrus 51; 23; 34 5.99 9

402 .000 L Inferior parietal lobule –36; –76; 46 5.44 7

Middle occipital gyrus –27; –73; 25 5.35 19

331 .000 R Middle occipital gyrus 33; –82; 37 7.25 19

Angular gyrus 42; –70; 49 6.66 7

320 .000 L Frontal superior medial gyrus –3; 41; 31 5.75 6

R SMA 6; 17; 46 3.66 32

271 .000 L Cerebellum –33; –67; –41 5.88 –

Inferior occipital gyrus –39; –64; –5 4.58 –

259 .000 L Inferior frontal gyrus –48; 23; –5 5.47 47

Middle frontal gyrus –39; 56; 4 5.24 10

Increase of time required for completion of Delis–Kaplan subtest 3

511 .000 R Inferior frontal gyrus 51; 17; 34 4.90 9

Precentral gyrus 36; –4; 49 4.29 6

Middle frontal gyrus 39; 8; 58 4.26 6

216 .000 R Lingual gyrus 18; –82; –14 5.00 –

150 .001 R Superior Parietal Lobule –36; –70; 49 4.64 7

Middle occipital gyrus 36; –79; 37 3.96 19

112 .005 L Inferior frontal gyrus –45; 11; 28 4.26 9

Middle frontal gyrus –36; 17; 34 3.77 9

H, hemisphere; L, left hemisphere; R, right hemisphere; BA, cytoarchitectonic Brodmann area; p(FWE�corr), threshold level of signifi�
cance for a cluster; Peak T�value, T values for the peaks.
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above is evident of higher difficulty and the necessity
of using larger brain resources in a TS performed dur�
ing the fMRI experiment. The correlation between the
higher intensity of BOLD signal evoked by a task in
fMRI and slower performance in the letter searching
and ordering test is probably evident of a lower degree
of automaticity in performing this task. Thus,
increased activation in the dorsolateral prefrontal area
and supplementary motor cortex during a TS observed
in men as compared to women may be evident of
greater complexity of this task for men and lower auto�
maticity of performing the task.

The results of the fMRI study are consistent with
the results of neuropsychological tests that revealed
slower completion of TS by men as compared to
women. Recording of the time of task completion was
the major feature distinguishing this test from the task
used in the fMRI study. Women complete item search�
ing and ordering tasks that required focused attention
faster than men. This is in accordance with behavioral
data reported by other researchers: women were shown
to perform better in tasks requiring fast perception of
details and frequent attention shifting. Most women
were able to increase the speed of completion of tasks
requiring focused attention without changes in the
accuracy of performance [7, 16]; the level of regula�
tory flexibility was higher in women than in men [17].
It should be noted that there was no difference in the
net time required for the TS in fMRI; this fact may be
due to our attempt to reduce the frequency of errors by
instructing the subjects to try to give as many correct
responses as possible, instead of emphasizing the
importance of performing the task quickly.

Thus, men performed more slowly than women in
a neuropsychological task requiring fast shifting of
attention. On the other hand, fMRI revealed more
pronounced activation of the prefrontal regions of LH
and RH, left parietal lobe, and right insula, as well as
recruitment of additional brain areas, such as the sup�
plementary motor area, in men; this is probably indic�
ative of higher requirements for resources for the ful�
fillment of tasks of this type by the male brain. The
involvement of additional resources may be the reason
for the absence of differences in speed and accuracy of
the completion of the fMRI task by men and women.
However, this hypothesis requires further experimen�
tal verification.

It should be noted that the results of a study of sex�
related differences in TS reported by Christakou et al.
[18] differ from those of the present study. Christakou
et al. analyzed the performance of adolescents and
adults (13–38 years of age) of either sex in a TS
including a spatial component. The subjects had to
switch between two dimensions in space: that is, a
double�ended arrow, either horizontal or vertical, was
presented in the middle of a screen divided into four
parts, and the subject had to determine whether the
stimulus is in the top or bottom part of the screen or,
alternatively, whether the stimulus is in the left or right

part of the screen; the arrow served as a cue. That is, a
subject performing the task had to switch between two
types of conditions and to select the location of the
stimulus relatively to one of the two spatial axes by
pressing one of the four buttons. Bilateral activation of
the lower prefrontal cortex, anterior cingulate, and
inferior parietal region was more pronounced in the
female participants of the study than in the males,
while no areas exhibiting stronger activation in males
than in females were detected. The results of Christa�
kou et al. are in good agreement with studies demon�
strating that men perform better than women in visu�
ospatial tasks [19, 33]; however, the task used in the
present study neither included a spatial component
nor required mental rotation or assessment of the
location of an item in predetermined coordinates, this
providing a possible explanation for the difference in
the results of the studies.

Thus, distinctive features of activation of the dorso�
lateral prefrontal area and supplementary motor cor�
tex, as well as the correlations between the two types of
tasks in psychological TS tests are evident of sex�
related differences in the organization of TS processes.

The results can be explained using recent research
reports: for example, Ingalhalikar et al. [34] found that
intrahemispheric connections predominated in the
cerebrum of males, while interhemispheric connec�
tions predominated in the cerebrum of females; the
differences emerged and increased during puberty.
Consequently, the authors assumed that the organiza�
tion of the male brain is adapted to maintaining con�
nections between perception and coordination of
actions, and therefore men perform better in spatial
tasks. On the other hand, the structural features of the
female brain organization provide for efficient con�
nection between the analytical and intuitive modes of
information processing, and therefore women perform
better in tasks assessing social cognition skills [34].
Neurophysiological studies carried out by a Russian
group showed similar results for EEG coherence upon
the memorization of dichotically presented informa�
tion. The processing of a verbal task by men was
accompanied by an increase of coherence mostly
within the left hemisphere, while in women this pro�
cess affected both hemispheres. Productivity of mne�
monic processes in women was associated with an
increase in inter�hemispheric coherence, while in
men, the reverse relationship was observed. The
authors consider the results to be evidence for different
biological roles of interhemispheric coherence in men
and women [35].

To summarize, one can assume that more pro�
nounced interhemispheric connections in women (as
compared to men) facilitate the processing of multiple
tasks requiring the switching and distribution of atten�
tion between different tasks involving both hemi�
spheres. Brain organization of this type allows for
sparing use of resources due to combined and coordi�
nated implementation of the simultaneous spatial and
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logical/analytical modes of functioning. In contrast,
each hemisphere of the male brain is involved in the
processing of isolated components of tasks, and addi�
tional resources for accelerated transfer of information
from one hemisphere to the other are brought into use
if a task requires attention switching and reallocation.

In addition, the sex�related differences in the orga�
nization of TS revealed in this study may be associated
with structural features of the brain of men and
women. For example, sex�related differences in the
structure of the parietal region were reported in [36];
the differences correlated with performance in a test
requiring mental rotation of objects. The ratio between
the volumes of gray and white matter in this region was
higher in women, and this parameter was negatively
correlated to performance in a mental rotation task.
On the other hand, the area of the parietal region was
larger in men, and this morphological difference was
positively correlated to performance in a mental rota�
tion task. These results confirm the possible existence
of a connection between structural differences in brain
organization and the distinctive features of behavioral
and functional performance of the brain. The differ�
ences observed in our study may also be due to differ�
ent volume, area, and volume ratio of gray and white
matter in the brains of men and women, especially in
the dorsolateral prefrontal area. However, this
assumption requires further experimental verification.

CONCLUSIONS

Bilateral activation in dorsolateral prefrontal areas,
inferior parietal lobes, and lower occipital gyri was
detected in both men and women performing a visual
attention switching task, this being indicative of over�
all similarity of structural and functional processes
providing for voluntary visual TS in persons of differ�
ent sex. On the other hand, sex�related differences in
the functioning of the brain in a voluntary visual atten�
tion switching tasks were detected. Men performing at
the same level as women exhibited more pronounced
activation in prefrontal regions, left parietal lobe, and
right insula; bilateral activation of the supplementary
motor area was observed in men but not in women.
Men were slower in performing a neuropsychological
TS when required to give a quick response. Besides,
the BOLD signal from dorsolateral prefrontal cortex
and supplementary motor area in fMRI combined
with a TS was correlated to performance in a psycho�
logical TS; a difference between men and women was
revealed by these tests. All this suggests the use of more
extensive brain resources by men performing a TS,
which probably appears more difficult to men and
cannot be performed with the same degree of automa�
ticity as observed in women. The data obtained reveal
differences in the organization of visual attention
switching processes at both behavioral and physiolog�
ical levels in men and women.
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