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Gender differences in brain activation patterns during
mental rotation and number related cognitive tasks 

KARIN KUCIAN1, THOMAS LOENNEKER1, THOMAS DIETRICH1,
ERNST MARTIN1, MICHAEL VON ASTER2,3

Abstract

Gender differences in the visuo-spatial and mathematical cognitive domain seem to rely 
on the preferences for different cognitive strategies. Such differences may involve or reflect 
different neural circuits. 

In this study three number related tasks and a mental rotation fMRI-paradigm were used 
to examine whether different brain activation and performance patterns could be observed 
between genders. 

In a simple magnitude comparison task no gender differences in brain activation patterns 
were found. In contrast, during exact calculation, approximation and mental rotation tasks 
that demand the use of more complex problem solving strategies, different activation pat-
terns were observed between men and women. In particular, women showed additional acti-
vation in bilateral temporal, right inferior frontal and primary motor areas. These results 
indicate that women use cognitive strategies that involve brain areas for spatial and verbal 
working memory and speech/head-motor mechanisms while solving mental rotation and 
number related problems. 
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The examination of gender differences in behaviour and cognition is both a popular and 
controversial topic among researchers. In many cognitive tasks one gender performs better 
than the other; and research on visuospatial tasks has produced the most consistent sex dif-
ferences, especially those that require mental rotation of objects. Mental rotation is a com-
plex cognitive skill, that demands different neuropsychological functions such as shape 
perception, spatial reasoning and problem solving (Weiss, Siedentopf, Hofer, Deisenham-
mer, Hoptman, Kremer, et al., 2003). Based on behavioural responses (reaction time and 
accuracy) several studies have found males to perform better than females in mental rotation 
tasks (Crucian & Berenbaum, 1998; Halpern, 2000; Linn & Petersen, 1985; Roberts & Bell, 
2000). However, few neuroimaging studies have evaluated gender differences in mental 
rotation and the reported results are highly inconsistent (Dietrich, Krings, Neulen, Willmes, 
Erberich, Thron, et al., 2001; Jordan, Wustenberg, Heinze, Peters, & Jancke, 2002; Roberts 
& Bell, 2000; Tagaris, Kim, Strupp, Andersen, Ugurbil, & Georgopoulos, 1996; Thomsen, 
Hugdahl, Ersland, Barndon, Lundervold, Smievoll, et al., 2000; Unterrainer, Wranek, Staf-
fen, Gruber, & Ladurner, 2000; Weiss et al., 2003). Preferences for different cognitive 
strategies by women and men (Jordan et al., 2002; Schwank, 1993), different levels of task 
performance (Unterrainer et al., 2000) and gender-related hemispheric organisation are fac-
tors that might contribute to these differences. 

The existence of a positive correlation between visuospatial and mathematical abilities 
remains a point of contention, in particular with respect to gender differences (Casey, Nut-
tall, & Pezaris, 1997; Casey, Nuttall, Pezaris, & Benbow, 1995; Friedman, 1995; Goldstein, 
Haldane, & Mitchell, 1990). As in the visuospatial domain most studies on mathematical 
abilities also report gender differences favouring men (Geary, 1995, 1999; Halpern, 2000). It 
seems that these differences emerge during preschool years and persist throughout school 
(von Aster, 2000; Weinhold, Schweiter, & von Aster, 2003). 

The better performance of males during spatial and mathematical tasks, a close connec-
tion between these two cognitive abilities and a gender difference in brain activation during 
mental rotation led us to question whether women and men use the same cerebral networks 
to solve arithmetic problems. Lesion and brain-imaging studies have described a dissociated 
network for arithmetic fact retrieval and numerical magnitude judgements (Cohen, Dehaene, 
Chochon, Lehéricy, & Naccache, 2000; Dehaene, Spelke, Pinel, Stanescu, & Tsivkin, 1999; 
Menon, Rivera, White, Glover, & Reiss, 2000). The prefrontal and parietal cortices, respec-
tively, have been implicated in the performance of these tasks (Cohen et al., 2000; Dehaene, 
Piazza, Pinel, & Cohen, 2003; Dehaene et al., 1999; Gruber, Indefrey, Steinmetz, & Klein-
schmidt, 2001; Menon et al., 2000; Rickard, Romero, Basso, Wharton, Flitman, & Grafman, 
2000; Simon, Mangin, Cohen, Le Bihan, & Dehaene, 2002; Stanescu-Cosson, Pinel, van De 
Moortele, Le Bihan, Cohen, & Dehaene, 2000; Zago, Pesenti, Mellet, Crivallo, Mazoyer, & 
Tzouriou-Mazoyer, 2001). However, none of these neuroimaging studies addressed gender 
differences in brain activation during number processing. 

The aim of the present study was to assess possible gender-specific brain activation pat-
terns during simple numerical magnitude judgements and more complex mathematical and 
mental rotation tasks. We used one mental rotation and three number-related fMRI-
paradigms to learn whether differences exist between women and men in terms of brain 
activation patterns or task performance.  
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Methods

Subjects

Twenty-two right-handed healthy adults participated in the study. Of these, valid MR 
data without motion artefacts (less than half a voxel size) were obtained from 20 subjects, 10 
females and 10 males (median age 25.9 ° 5.3 years). FMRI-data analysis was based on these 
20 subjects. All subjects gave written informed consent to participate in the study. 

Stimuli and task 

Before entering the scanner the subjects were carefully instructed about the whole ex-
amination procedure and how to respond to the paradigm presented. The computer-generated 
paradigm (E-Prime, Psychology Software Tools Inc.) was presented to the subjects via 
video-goggles (Resonance Technology Inc., Northridge, U.S.A.). The paradigm was a clas-
sical box-car design consisting of four experimental conditions: (1) approximate and exact 
calculation, (2) approximate and exact control condition, (3) magnitude comparison of small 
numbers of objects, (4) mental rotation of two-dimensional pictures (Fig. 1). Each block 
lasted exactly 80 s and the stimulation was self-paced. Between each block was a pause of 
12.5 s. A fixation point was presented in the centre of the screen during the resting period, 
and subjects were asked to fixate the point. The four conditions were presented to all sub-
jects in randomised order and behavioural data were collected using a response box (Lumina 
LP-400, Cedrus Corporation, San Pedro, U.S.A). 

Calculation 

The calculation task consisted of three cycles of alternating approximation and exact cal-
culation blocks. First, a single-digit addition was presented for 850 ms, followed by two 
alternative solutions again for 850 ms after a break of 200 ms. In the exact addition condition 
subjects selected the correct sum from two numerically close numbers by pressing a response 
button. In the approximate addition condition, they were asked to estimate the result and to 
select the nearest number of the two choices.  

Control condition 

The control condition of the calculation part was a grey-scale discrimination task. The 
control condition was again presented during three cycles of approximate and exact dis-
crimination blocks using an equal stimulus presentation time and interstimulus interval (ISI). 
Completely randomised stimuli were presented. In the exact control task, subjects had to 
match sequentially presented grey-scale patterns. In the approximate control task, they were 
asked to pick out the grey-scale pattern that was more similar to the one shown before. The 
alternative answers were more similar in the exact control condition compared to those in the 
approximate control condition. 
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Figure 1: 
Paradigm-design used during brain imaging. 

 

 
 
 

Magnitude comparison 
 
The magnitude comparison task involved three blocks of 80s. Subjects had to compare 

two sets of different objects (pictures of fruit and vegetables) and they were asked to select 
the set with the higher multitude. Maximal duration of stimulus presentation was 2 s, the ISI 
was 1 s. The maximum number of objects displayed on one side was 18. The differences 
between the two sets were 1, 2, 3 or 4 in the first block; 9, 10, 11 or 12 in the second block; 
and 5, 6, 7 or 8 in the third block. Fixation during rest served as control condition for magni-
tude comparison. 

 
 

Mental rotation  
 
During the mental rotation task subjects had to mentally rotate 2-D pictures of animals. 

By pressing a button they indicated whether the two animals could be superimposed upon 
one another, i.e. identical or not identical. This condition included three blocks of mental 
rotation (first block: seahorses; second block: whales; third block: squids). The randomised 
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stimulus presentation was self-pasted, maximally 6 s, the ISI was 1 s. Analogous to the mag-
nitude comparison task, point fixation during rest served as control condition for the mental 
rotation task. 

FMRI image acquisition 

Functional magnetic resonance image acquisition was performed on a 1.5 Tesla system 
(GE Medical Systems, Milwaukee, WI, USA) using gradient echo planar imaging (repetition 
time, TR = 3.2 s; echo time, TE = 55 ms; field of view, FOV = 240 x 240 mm2; flip angle = 
90°; matrix size = 64 x 64 x 32; voxel size = 3.75 x 3.75 x 4 mm3; 32 contiguous slices par-
allel to the AC-PC line, slice thickness = 4 mm). Three-dimensional anatomical images of 
the entire brain were obtained using a T1-weighted gradient echo pulse sequence (TR = 27 
ms; FOV = 240 x 240 mm2; slice thickness = 1,6 mm; matrix size = 256 x 192). 

Data analysis 

The behavioural data were statistically analysed using the SPSS software (SPSS 11.5, 
Chicago, USA). Statistical data analysis of behavioural results was based on 10 female sub-
jects and 9 male subjects. One male subject had to be excluded because of a recording fail-
ure.

The fMRI-data were analysed using the Statistical Parametric Mapping (SPM99) soft-
ware (Wellcome Department of Cognitive Neurology, London, UK). The first four images 
were discarded to allow establishment of steady-state magnetisation. For the analysis, all 
images were realigned and transformed into the standardised stereotactic reference system 
(EPI-template provided by the Montreal Neurological Institute). Each normalised scan was 
smoothed with a 9 mm full-with at half-maximum Gaussian kernel. Changes in regional 
blood oxygenation level dependent (BOLD) contrast were determined by applying the gen-
eral linear model to each voxel. To test the significance of BOLD changes in different brain 
regions, voxel-wise comparisons were performed using t statistics within each group. The 
resulting set of voxel values for each contrast constituted a statistical parametric map of the
t-statistic (SPM(t)). Subsequently a second level analysis was performed using the linear 
contrasts for each subject and condition. MNI coordinates (Montreal Neurological Institute) 
of activated voxels were transformed into the Talairach and Tournoux reference system. 

Results

Behavioural data 

Table 1 shows the mean reaction time, accuracy rate and the corresponding standard de-
viations for the four different tasks in women and men. Univariate general linear model 
(GLM) analysis was computed with the reaction time (RT) and accuracy rate (ACC) as de-
pendent variables and the gender as grouping factor for both magnitude comparison and 
mental rotation tasks. Neither ACC nor RT revealed differences in the performance between 
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women and men for both tasks. The arithmetic data were tested using the GLM analysis for 
‘repeated measures’. RT and ACC were the dependent variables, gender was the grouping 
factor and the conditions were the repeated measurement factors (exact / approximate calcu-
lation). Partial ETA2 is quoted for better description of the data. Partial ETA2 values describe 
the portion of total variability attributable to a factor. Subjects needed significantly more 
time (F(1, 17) = 169.320, p < 0.0001, partial ETA2 = 0.909) and made more errors (F(1, 17)
= 26.521, p = 0.0001, partial ETA2 = 0.609) solving approximate compared to the exact 
calculation problems. No significant gender differences in the accuracy rate were found, but 
women needed significantly more time (F(1, 17) = 4.618, p = 0.046, partial ETA2 = 0.214) 
solving exact and approximate calculation problems compared to male subjects. The interac-
tion between gender and condition turned out to be non-significant (RT: F(1, 17) = 0.03, p < 
0.865, partial ETA2 = 0.002; ACC: F(1, 17) = 0.019, p < 0.893, partial ETA2 = 0.001). 

Table 1: 
Behavioural results: Means and standard deviations (SD) of women and men for the reaction 

times and accuracy rates for all conditions. 

Calculation Control Condition Mental
rotation

Magnitude
comparison approximate exact approximate exact 

Women       
Reaction time (ms)       
 Mean 2331.3 665.6 631.2 474.5 653.5 599.5 
 S.D. 748.3 164.4 108.7 54.2 222.1 198.1 
Accuracy rate (%)       
 Mean 85.6 97.9 91.5 95.6 78.3 79.4 
 S.D. 8.8 1.0 5.2 4.0 9.0 14.1 
Men    
Reaction time (ms)   

   

 Mean 1954.3 602.3 559.1 406.5 532.6 521.1 
 S.D. 478.0 178.2 70.4 52.0 109.4 89.2 
Accuracy rate (%)       
 Mean 90.3 98.9 93.8 97.7 78.4 83.1 
 S.D. 4.7 1.1 2.3 2.4 10.3 11.9 

Neuroimaging data

During magnitude comparison (magnitude comparison relative to baseline) both, men 
and women activated  a network of primary and secondary visual areas (BA18, BA19), bilat-
eral parietal areas (right superior parietal lobe, left supramarginal gyrus (BA40)), right infe-
rior frontal gyrus (BA44) and the cerebellum bilaterally (p = 0.05 FWE corr., T  = 6.70, k  = 
5) (figure 2, table 2). 
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Figure 2: 
Magnitude comparison. Results of the group study: significant activation of all 20 subjects 

is shown upon a normalized brain viewed from left, right, and back side (p  = 0.05 FWE corr.,
T  = 6.70, k  = 5). 

Table 2: 
Magnitude comparison: Anatomical localisation, Talairach coordinates, T scores of significant 

activated clusters, and cluster size. 

Talairach
coordinates

Condition Anatomical region 

x y z 

T kE

right cerebellum 33 -59 -20 8.57 18 
right occipital lobe, cuneus, BA18 3 -90 7 8.55 17 
left occipital lobe, inferior occipital 
gyrus, BA19 

-42 -79 -1 8.16 25 

right frontal lobe, inferior frontal gyrus, 
BA44

50 13 27 7.71 14 

right parietal lobe, intraparietal sulcus 33 -48 38 7.68 
right parietal lobe, superior parietal 
lobule

30 -56 44 7.61 
15

left occipital lobe, middle occipital 
gyrus, BA18 

-27 -90 13 7.65 13 

left cerebellum -30 -54 -23 7.63 6 
right occipital lobe, middle occipital 
gyrus, BA19 

33 -84 18 7.58 13 

Magnitude
comparison  
women & men 

left parietal lobe, supramarginal gyrus, 
BA40

-45 -42 38 7.24 21 
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In contrast to the magnitude comparison task, approximate and exact calculation and 
mental rotation evoked significant differences in brain activation between the genders. 
Women recruited additional brain regions during approximation, exact calculation and men-
tal rotation compared to men. 

Women showed significant bilateral activation during mental rotation (mental rotation 
relative to baseline) in the inferior parietal lobule (BA40) including the intraparietal sulcus 
(p = 0.0001, T  = 6.01, k  = 5) (figure 3, table 3). Significant activation was also found bilat-
erally in visual areas (BA18, BA19), extra striate cortex, fusiform gyrus and the inferior 
frontal gyrus. Male subjects activated a similar yet more diffuse network to women during 
mental rotation. Like women, men exhibited significant (p = 0.0001, T  = 6.01, k  = 5) acti-
vation of bilateral occipital areas (BA18, BA19) including the fusiform gyrus, extra striate 
cortex, the inferior and superior parietal lobule (BA40, BA7) and the intraparietal sulcus. 
Broca’s area and the right-hemispheric homologue area (BA47), parts of the middle and  

Figure 3: 
Mental rotation. Areas of significant activation are depicted on a normalised brain of the group 

analysis of the mental rotation task for female subjects (top, p  = 0.0001, T  = 6.01, k  = 5), male 
subjects (middle, p  = 0.0001, T  = 6.01, k  = 5), and female vs. male subjects (bottom, p  = 0.001, 

T  = 3.61, k  = 5). 



K. Kucian, T. Loenneker, T. Dietrich, E. Martin, M. von Aster 120

inferior frontal gyrus (BA9, BA44, BA46) of the right hemisphere and the premotor cortex 
(BA6) of the left hemisphere were also activated in men. For the main gender effect, female 
activation was subtracted from male activation. There was significant (p = 0.001, T  = 3.61, k
= 5)  activation of the right hemisphere in the middle temporal gyrus (BA21) and the inferior 
frontal gyrus (BA44) and of the left hemisphere in the primary motor cortex (BA4), as 
shown in figure 3. When subtracting the activity for the males from the females, just a small 
activation area remained in the white matter (p = 0.001, T  = 3.82, k  = 5, Talairach and 
Tournoux coordinates: -33 -63 14). 

Table 3: 
Mental rotation: Anatomical localisation, Talairach coordinates, T scores of significant activated 

clusters, and cluster size. 

Talairach
coordinates

Condition Anatomical region 

x y z 

T kE

left occipital lobe, middle occipital 
gyrus, BA19 

-30 -81 7 8.61 254 

right  parietal lobe, intraparietal 
sulcus, BA40 

39 -53 50 11.6 320 

right  occipital lobe, middle occipital 
gyrus, BA19 

30 -84 18 10.3  

right parietal lobe, inferior parietal 
lobule, BA40 

36 -47 41 10.15  

right occipital lobe, fusiform gyrus 48 -73 -9 10.61 30 
left  parietal lobe, inferior parietal 
lobule, BA40 

-53 -33 38 9.5 161 

left parietal lobe, intraparietal sulcus -33 -47 41 9.01  
right occipital lobe, fusiform gyrus 27 -79 -14 9.31 49 
right frontal lobe, inferior frontal 
gyrus, BA9 

36 7 25 9.3 6 

Mental rotation 
women

left frontal lobe, precentral gyrus -39 1 25 7.43 24 
right occipital lobe, fusiform gyrus 18 -77 -19 12.32 24 
right frontal lobe, middle frontal 
gyrus, BA46 

39 33 20 12.12 49 

left occipital lobe, fusiform gyrus -45 -73 -11 11.85 83 
right frontal lobe, middle frontal 
gyrus, BA9 

48 13 27 11.68 77 

right frontal lobe, inferior frontal 
gyrus, BA44 

56 18 18 6.52  

Left occipital lobe, lingual gyrus -6 -79 -9 11.41 64 
Left frontal lobe, inferior frontal 
gyrus, BA47 

-39 23 -9 9.9 49 

right cerebellum 39 -54 -23 9.61 85 

Mental rotation 
men

right occipital lobe, middle occipital 
gyrus, hMT 

42 -81 4 9.4 52 
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right occipital lobe, middle occipital 
gyrus, BA18 

42 -79 -9 7.11  

right frontal lobe, inferior frontal 
gyrus, BA46 

48 41 12 9.35 10 

left frontal lobe, middle frontal 
gyrus, BA6 

-24 -7 45 9.28 53 

right occipital lobe, cuneus, BA7 24 -80 32 9.22 12 
right insula, BA13 30 26 -1 9.09 59 
right frontal lobe, inferior frontal 
gyrus, BA47 

42 23 -4 9.03  

left frontal lobe, medial frontal 
gyrus, BA32 

-9 11 46 9.05 17 

right frontal lobe, medial frontal 
gyrus, BA8 

3 20 46 6.83  

right parietal lobe, intraparietal 
sulcus

33 -48 38 8.65 28 

right parietal lobe, inferior parietal 
lobule, BA40 

39 -53 47 6.29  

left parietal lobe, inferior parietal 
lobule, BA40 

-45 -39 41 8.59 44 

left frontal lobe, precentral gyrus, 
BA6

-50 -7 39 8.54 18 

right parietal lobe, postcentral gyrus, 
BA2

50 -27 37 7.59 10 

left parietal lobe, precuneus, BA7 -21 -68 34 7.31 6 
right occipital lobe, lingual gyrus, 
BA17

21 -90 -1 7.13 5 

left parietal lobe, superior parietal 
lobule, BA7 

-39 -56 55 6.98 9 

right frontal lobe, middle frontal 
gyrus, BA6 

27 -3 47 6.68 15 

right occipital lobe, middle occipital 
gyrus, BA19 

30 -81 21 6.26 6 

right parietal lobe, precuneus, BA7 24 -68 39 6.22 5 
left  frontal lobe, precentral gyrus, 
BA4

-18 -20 56 4.68 11 

right temporal lobe, middle temporal 
gyrus, BA21 

59 -35 -3 4.54 19 

left frontal lobe, precentral gyrus, 
BA4,

-50 -9 45 4.45 6 

right frontal lobe, inferior frontal 
gyrus, BA44 

59 18 16 4.22 19 

right frontal lobe, precentral gyrus 62 9 13 3.96  

Mental rotation
women vs. men 

right frontal lobe, inferior frontal 
gyrus, BA44 

56 7 19 3.74  



K. Kucian, T. Loenneker, T. Dietrich, E. Martin, M. von Aster 122

During approximate calculation versus approximate control condition, bilateral activa-
tion (p = 0.0005, T  = 4.78, k  = 10) was detected in females in the intraparietal sulcus ex-
tending into the inferior parietal lobule of the left hemisphere (BA40), bilaterally in the 
fusiform gyrus and in the left inferior occipital gyrus (BA19), as can be seen in figure 4 and 
table 4. Similarly, male subjects revealed bilateral brain activation (p = 0.0005, T  = 4.78, k
= 10) in the intraparietal sulcus extending into the inferior parietal lobule of the left hemi-
sphere and a left-hemispheric occipital area (BA19). Men showed also bilateral activation in 
supplementary motor areas (BA6), in the inferior frontal gyrus (BA9), the left primary motor 
area (BA4), the right insula and bilaterally in the cerebellum. 

Women showed additional brain activation during approximation mirroring the gender 
differences seen during mental rotation. In more detail, by subtracting the activation of  
approximate calculation of men from the approximate condition of the female subjects  
([approximate calculationwomen – approximate controlwomen] – [approximate calculationmen – 

Figure 4: 
Approximate calculation vs. approximate control condition. Areas of significant activation are 

depicted on a normalized brain of the group analysis of approximation for female subjects (top, p
= 0.0005, T  = 4.78, k  = 10), male subjects (middle, p  = 0.0005, T  = 4.78, k  = 10), and females 

minus males (bottom, p  = 0.001, T  = 3.61, k  = 5). 
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approximate controlmen]), women showed additional activation (p = 0.001, T  = 3.61, k  = 5) 
of the bilateral superior temporal sulcus, the primary motor cortex (BA4) of the right hemi-
sphere and anterior parts of the left superior temporal gyrus. The subtraction of the female 
activation from that of the males revealed a small area in the left occipital lobe (p = 0.001, T
= 4.88, k  = 13, Talairach and Tournoux coordinates: -6 -92 16). 

Table 4: 
Approximate calculation: Anatomical localisation, Talairach coordinates, T scores of significant 

activated clusters, and cluster size. 

Talairach
coordinates

Condition Anatomical region 

x y z 

T kE

left occipital lobe, fusiform gyrus, 
BA37

-36 -62 -10 11.58 121 

left occipital lobe inferior occipital 
gyrus, BA19 

-39 -73 -4 7.74  

right parietal lobe, intraparietal sulcus 33 -56 42 7.81 13 
right occipital lobe, fusiform gyrus, 
BA37

36 -62 -17 6.97 23 

left parietal lobe, inferior parietal 
lobule, BA40 

-42 -42 41 6.79 51 

Approximate
calculation
women

left parietal lobe, intraparietal sulcus -33 -45 41 5.97  
left frontal lobe, medial frontal gyrus, 
BA6

-3 11 46 10.25 86 

right frontal lobe, superior frontal 
gyrus, BA6 

3 6 52 7.83  

right parietal lobe, intraparietal sulcus 39 -42 38 6.6 70 
Right insula 39 -40 21 6.04  
left frontal lobe, inferior frontal gyrus, 
BA9

-50 7 33 8.2 59 

right frontal lobe, inferior frontal 
sulcus

50 7 33 7.81 22 

left frontal lobe, precentral gyrus, BA4 -24 -9 53 7.02 10 
left cerebellum -42 -68 -22 7 29 
right cerebellum 0 -68 -22 6.82 11 
left parietal lobe, Precuneus, BA19, -24 -77 37 6.51 13 
left parietal lobe, intraparietal sulcus -48 -39 41 6.22 47 

Approximate
calculation
men

left parietal lobe, inferior parietal 
lobule, BA40 

-39 -47 44 6.15  

left temporal lobe, superior temporal 
sulcus

-50 -54 19 5.36 27 

right temporal lobe, superior temporal 
sulcus

56 -52 16 5.3 20 

left superior temporal gyrus -53 3 3 4.51 12 

Approximate
calculation
women vs. men 

right frontal lobe, precentral gyrus, 
BA4

62 -10 31 3.87 20 
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Figure 5 and table 5 show significant activation in both genders during exact calculation.
Exact calculation versus exact control condition evoked a similar activation pattern in 
women to the one observed during approximate calculation. Like in approximation, women 
showed brain activation (p = 0.001, T  = 4.30, k  = 8) bilaterally in the fusiform gyrus and in 
the left intraparietal sulcus. Furthermore, primary and secondary visual areas of both hemi-
spheres (BA18, BA19) as well as the left-hemispheric inferior frontal gyrus (BA9) were 
activated in females during exact addition. Male subjects showed activation (p = 0.001, T  = 
4.30, k  = 8) during exact addition minus exact control condition in the left primary and 
supplementary motor areas (BA4, BA6), the left medial frontal gyrus, the right fusiform  

Figure 5: 
Exact calculation vs. exact control condition. Areas of significant activation are depicted on a 
normalised brain of the group analysis of exact calculation for female subjects (top, p = 0.001,

T  = 4.30, k  = 8), male subjects (middle, p  = 0.001, T  = 4.30, k  = 8), and females minus males 
(bottom, p  = 0.001, T  = 3.61, k  = 5). 
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gyrus and the right cerebellum. Like in mental rotation and approximation both sexes 
showed differences in the cerebral processing of exact calculation. The contrast of female 
relative to male subjects for solving exact arithmetic problems vs. the exact control task 
revealed additional activation (p = 0.001, T  = 3.61, k  = 5) in the right middle temporal 
gyrus (BA21) and in a small left-hemispheric spot of the primary motor cortex (BA4), as can 
be seen in figure 5. The reverse comparison of male relative to female subjects revealed a 
small activation dot in the left middle frontal gyrus (BA10: p  = 0.001, T  = 4.34, k  = 6, 
Talairach and Tournoux coordinates: -36 55 -5; and BA46: p  = 0.001, T  = 3.76, k  = 5, 
Talairach and Tournoux coordinates: -48 36 15).

Table 5: 
Exact calculation: Anatomical localisation, Talairach coordinates, T scores of significant 

activated clusters, and cluster size. 

Talairach
coordinates

Condition Anatomical region 

x y z 

T kE

left parietal lobe, intraparietal sulcus -30 -56 44 5.19 89 
left occipital lobe, fusiform gyrus -36 -68 -14 6.58 114 
left occipital lobe, middle occipital 
gyrus, BA19, 

-45 -76 -6 5.57  

left occipital lobe, lingual gyrus -24 -82 -3 6.07 18 
right occipital lobe, fusiform gyrus 30 -76 -11 5.99 44 
right occipital lobe, cuneus, BA18, 
BA19

24 -87 10 5.76 28 

right occipital lobe, middle occipital 
gyrus, BA18 

39 -78 12 5.42 8 

left occipital lobe, middle occipital 
gyrus 

-27 -90 13 5.01 8 

Exact calculation 
women

left frontal lobe, inferior frontal 
gyrus, BA9 

-45 7 30 4.87 10 

left frontal lobe, precentral gyrus, 
BA4

-50 -9 47 8.11 20 

left frontal lobe, medial frontal gyrus -6 -3 55 5.74 28 
right occipital lobe, fusiform gyrus 30 -74 -19 6.14 58 
right cerebellum 21 -71 -24 5.14 10 

Exact calculation 
men

left frontal lobe, middle frontal 
gyrus, BA6 

-33 -7 42 5.1 16 

right temporal lobe, middle temporal 
gyrus, BA21  

62 -32 -6 5.29 26 Exact calculation 
women vs. men 

left frontal lobe, precentral gyrus, 
BA4

-27 -21 45 4.43 8 
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Discussion

The present fMRI-study was designed to measure cortical activation patterns in women 
and men during mental operation that consisted of (a) numerical magnitude judgement, (b) 
exact and approximate addition of single digits and (c) of mental rotation.  

Our behavioural results did not confirm a better performance of males in mental rotation 
and mathematics. Moreover, the accuracy levels were equal for all conditions between 
women and men, however, the reaction times of men were faster in the arithmetic tasks. 

Women and men seem to use an identical activation network in the magnitude compari-
son task as revealed by fMRI. Our results support the assumption of a central semantic rep-
resentation of numerical quantity that relies on a common bilateral parietal (intraparietal 
sulcus) and right-hemispheric prefrontal network as shown by various studies (Chochon, 
Cohen, van de Moortele, & Dehaene, 1999; Pinel, Dehaene, Riviere, & LeBihan, 2001; 
Rickard et al., 2000). 

In contrast to magnitude comparison, those tasks that demand more complex problem 
solving strategies (mental rotation, approximate and exact calculation) revealed gender dif-
ferences in brain activation.

In general, mental rotation evoked a similar cortical activation pattern in women and 
men, which is in agreement with previous studies showing increased signal intensities bilat-
erally in the occipital lobe, the inferior parietal lobe and the frontal lobe (Jordan et al., 2002). 
Whereas activation in the parietal lobe underscores the major role of this area in mental 
rotation of visual objects, the activation of the frontal cortex may reflect flexibility in 
thought, programming of action sequences and problem-solving strategies (Weiss et al., 
2003). Stimulus-related activation in the visual cortex is based on the fact that the task itself 
involves visual imagery, which activates similar areas in the visual cortex as visual percep-
tion (Kosslyn, Alpert, & Thompson, 1993). Additionally, the results show that solely imag-
ing rotating an object has the capability to activate bilaterally the human middle temporal 
complex (hMT/V5), a region involved in motion processing (Peigneux, Salman, van der 
Linden, Garraux, Aerts, Delfiore, et al., 2000). Though both women and men, overall, 
showed similar patterns of activation, some gender differences were evident. Women had 
significantly more activation of the right hemisphere in the middle temporal gyrus (BA21) 
and the inferior frontal gyrus (BA44), and of the left hemisphere in the primary motor cortex 
(BA4). The temporal lobe is involved in object and spatial memory, and in object identifica-
tion and categorisation (Cabeza & Nyberg, 2000). Jordan et al. (2002) also found stronger 
activation of temporal areas in women than in men. They claimed that the temporal activa-
tion indicates that women expend more effort in dealing with the identity of visual objects. 
In accordance with other studies (Jordan et al., 2002; Thomsen et al., 2000), we found more 
activation in the right inferior frontal gyrus in females.  Thomsen et al. (2000) suggested that 
males and females may differ in the processing strategy; males use a ‘gestalt’ strategy 
whereas females follow a ‘serial’ reasoning strategy. Primary motor cortex activation may be 
due to greater interhemispheric interaction in women than in men (Sadato, Ibanez, Deiber, & 
Hallett, 1997) or differences of females and males perspectives during dynamic imagery 
(Jordan et al., 2002). An internal perspective of manipulating an object on its own would 
evoke motor area activation, whereas the external perspective, e.g. “imagine somebody else 
is manipulating an object” would not. 




