
 
 

 

  

Abstract— The aim of this study was to assess whether 
Standardized Low Resolution Brain Electromagnetic 
Tomography (sLORETA) can detect differences in EEG source 
distribution during local and global stimuli cognition process or 
not. We recorded the cortical brain activity from 40 subjects 
(M:F=20:20) during local and global stimuli cognition process. 
The stimuli were generated based on the modified version of 
Navon’s hierarchical structured stimuli [1]. We found the 
differences in 4~8 Hz theta oscillation during the task between 
male and female groups in sLORETA patterns, particularly in 
the right temporal cortex. We also found the similar theta 
oscillation patterns in power spectrum analysis: higher 
synchronized theta activity between posterior parietal lobe and 
frontal lobe was found in female group than that of male group. 
These findings suggest higher dependence on local-global 
stimulation cognition and memory recall in female. We suggest 
that sLORETA can be a good tool for detecting local-global 
stimulus cognition and be a good diagnostic for the 
neuropsychiatric disorders related to the local-global processing 
such as Obsessive-compulsive disorder and Posttraumatic stress 
disorder.  

I. INTRODUCTION 
HYTHMIC theta activity of the hippocampal region in the 
brain correlates to spatial cognition and the memory 

encoding or retrieval. The increased theta band oscillation 
(4-8 Hz) have been found during cognitive tasks which 
require verbal and spatial working memory or item 
recognition [2-4]. It also has been supported by the recent 
computational models of hippocampus and its surrounding 
temporal lobe structures [5, 6].  
The difference in visuospatial perception or attention 

between male and female has been a hot issue in 
neuroimaging field. Previous studies suggest that different 
asymmetry of brain structure in male and female is believed 
to be associated with the difference [7, 8]. Halpern have 
suggested the sex differences on the cognitive performance 
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with visuospatial task which males are superior on, and with 
linguistic task which females do better. These differences 
were supported by physiological studies and event related 
potential recordings where the physiological differences were 
sparse [9-11].  
Local-global stimulus, which is first suggested by Navon [1], 

has a hierarchical structure. This stimulus is used as one of 
the cognitive task to assess hemispheric asymmetries in 
global-local visual processing. Though, the conventional 
stimulus was generated to evaluate the recognition ability of 
the patients who have unilateral lesion. Because of the low 
degree of difficulty of the task, variety of manipulation was 
tried on the task design to use the task for evaluating the skill 
of the normal people (i.e., size, direction, and distance 
between local features, etc.).  
The aim of this study is to assess whether Standardized Low 

Resolution Brain Electromagnetic Tomography (sLORETA) 
can detect differences in EEG source distribution during local 
and global stimuli cognition process or not. In the current 
study, we generated modified hierarchical structured stimulus 
with mosaic, which has one local, global feature each with 
several local distractors. The healthy subjects had to respond 
for the continuously changing stimulus which only lasts for 
certain time duration. We investigated the gender difference 
in local-global processing including the global/local 
cognitive process by providing the target to respond for each 
session using sLORETA. 
We measured the performance by the reaction time to 

analyze behavioral difference. The sex difference in theta 
oscillation during the task was observed by source 
localization study using sLORETA which helps to estimate 
the source of EEG activation. We also performed EEG power 
spectrum analysis, which is commonly used method to 
analyze EEG activity.  

II. MATERIALS AND METHODS 

A. Participants 
We tested 40 right handed healthy subjects (male: 20, 

female: 20) aged 19-26 years (mean: 22.46, male: 
22.52 ± 1.78, female: 22.40 ± 1.60). All participants have no 
history of neurological disorder or substance abuse. The 
current study was approved by the institutional review boards 
at Korea Advanced Institute of Science and Technology 
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(KAIST, South Korea). Informed consent was obtained from 
all the subjects. 

B. Stimuli 
All stimuli used in the current study were generated using 

AndreaMosaic (AndreaMosaic, USA). All alphabetical 
letters except ‘I’, ‘O’, and ‘W’ were used for local feature and 
Arial font was used to generate the local features. Each 
stimulus had been generated with 23 alphabets and one of 
number among ‘2, 3, 4, 5, 7’, which protect the participants 
from being confused with other numbers. Each global feature 
was decided by the density and the arrangement of the local 
features which compose the stimulus. Congruent stimuli, 
whose local feature and global feature are same, were 
excluded from the set. The number of local features which 
belong to each line of stimulus is determined as 15, 20, 25, 
and 30, and randomly chosen, which complements the shorter 
reaction time for global feature response in general. Subjects 
were seated at 60cm distant to the 19-in LCD monitor and the 

stimuli were fit to 14.8° x 14.8° visual angle. 

C. Procedure 
The cognitive task used in this paper was consisted of two 

sessions; global task (S1) and local task (S2). The first 
session, S1, was to attend to global features and to make a 
response to global target ‘2’. The second session, S2, was to 
attend to local feature only and to make a response to local 
target ‘4’. Each session had 10 practice trials before the 
recording with 70 real trials. Participants were informed that 
the stimulus will appear at the middle of the screen and they 
were instructed to respond by left click of response-mouse 
every time the attended stimulus matches the administered 
target and by right click of response-mouse if it is not. The 
instruction such as target number of the session or, the 

starting and ending comments were provided in the middle of 
the screen which prevented the intervention of the 
experimenter. Subjects were given enough chance of practice 
session to be familiar with whole process of the task. 
Stimulus presentation was controlled by the program we 
constructed and the response time from the onset of the 
stimulus was automatically recorded. The maximum time 
limit to respond was 3 seconds per each stimulus. The item 
presented disappeared when the participant responses and the 
next stimulus appeared after 1 second of blank screen.  

D. Data acquisition 
EEGs were recorded using a 32 channel cap (Quick cap, 

Compumedics Neuroscan, USA) Standard electrode sites 
followed international 10-20 system nomenclature [12] and 
additional sites were used. We used mastoid reference and 
extra electrode site between Fz, FP1, and FP2 was used as 
ground. Impedances were below 5k Ω  at all electrode sites. 
EEGs were recorded with 1000Hz sampling frequency and 
32-channel SynAmps2 (Compumedics Neuroscan, USA) 
amplifier was used. 

E. Data selection 
The trials which were in practice session and which with 

incorrect answers were excluded from the reaction time and 
EEG analysis. The no-response trials were also excluded with 
the succeeding trial to get rid of the trials with response time 
over the maximum time limit.  

We assumed the visual process ends around 300msec 
according to previous studies which revealed event related 
positive potential around 300msec (P300) [13-15]. To discard 
the EEG after the visual processing of the given stimulus, we 
only used 400msec from the onset of stimulus, excluding 
where the artifacts such as motor ability could place in. We 
used 4-200 Hz band filter and 55-65 notch filter to remove 
60Hz noise. 

The attention statuses of the participants during the task 
were recorded. The subjects with low-attention state or with 

 
Fig. 1.  Stimulus used in the current study (global: 2, local: 4). Each line 
of the stimulus is composed of (a) 15, (b) 20, (c) 25, and (d) 30 local 
features in this case.  

 
 
Fig. 2.  Theta oscillation source difference between male and female 
group. Statistically significant differences are marked according to the 
given colorbar; horizontal, sagittal, and coronal section from the left. (a) 
Localized source differences during S1, (b) Localized source differences 
during S2.  
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movement artifact which cannot be filtered were discarded 
with visual inspection. As the final data, EEGs and reaction 
time from 23 participants (male: 12, female: 11) aged 22.39 
years (male: 22.27 ± 1.62, female: 22.50 ± 2.24) were used. 

F. Source Localization Analysis: sLORETA 
EEG has merit of high time resolution to deal with 

complex temporal dynamics whereas it has poor spatial 
resolution. Standardized Low Resolution Brain 
Electromagnetic Tomography (sLORETA, [16]) is one of the 
linear methods to compute statistical map from EEG data that 
indicate the locations of the underlying source processes with 
low error. We performed the analysis to account for the 
electrophysiological differences with non-invasive recording. 
The program estimates 3D current source of EEG in 6,239 
cortical gray matter pixels according to the digitized 
Tailarach and probability atlases [17]. We defined 4 
frequency bands: θ =4~8Hz, α =8~13Hz, β =13~30Hz, 
γ =30~90Hz. 

G. Power Spectrum Analysis 
EEGs recorded during the task were used for the power 

spectrum analysis. The frequency band definition was same 
as in the source localization analysis. Calculating the relative 
power, we normalized each electrode to analyze the power 
difference between male and female during the tasks.  

H. Statistical Analysis 
We estimated significant differentiation between male and 

female in relative power, and behavior measured by reaction 
time of the participants using an independent t-test. The 
p-values for all tests were obtained with two-tailed test and 
considered with a 0.95 level of significance. A statistical 
software package (SPSS 11.0.1, SPSS Inc., Chicago, IL, 
USA) was used. 

sLORETA provides its own statistics package which 
provides statistical nonparametric mapping (SnPM). In the 
current study, all EEGs were electrode/voxel wise normalized. 
We performed 5000 randomization SnPM, and compute 
bullet proof, corrected critical thresholds and p-values. Log 
of ratio of averages were used and considered with a 0.95 
level of significance. 

III. RESULTS 

A. Reaction Times 
The performance of male and female in each session is 

compared by the reaction time. In the S1, male showed 
864.46 ± 312.71msec and female showed 883.11 ± 303.08 
msec, which had no significant difference. In the S2 session, 
male responded within 866.41 ± 310.41msec, female 
responded within 866.61 ± 294.61msec, which also had no 
significant difference.  

B. Source Localization Analysis: sLORETA 
Source localization study was done by sLORETA. During 

the task, regardless to the session, male and female both had 
highly localized θ activity on the posterior parietal cortex 
(precuneus). Compared to the localized activity state of male, 
though, female had broader region of theta oscillatory activity. 
In the first session, female group had higher θ oscillation 
source localized to right temporal lobe (two-tailed, p<0.05). 
Also in the second session, female group had higher 
θ oscillation source localized to right temporal lobe 
(one-tailed, p<0.05). There was no significant difference in 
the other frequency band between male and female group.  

C. Power Spectrum Analysis 
The relative powers in each electrode were statistically 

compared between groups. We have summarized the 
channels and frequency bands which show statistically 
significant difference between groups on Fig. 2. (p<0.05). 
Higher α  power on the occipital lobe (O1, O2, and Oz) was 
observed in female during S1, whereas β  power and γ  
power were respectively higher in male group on the bilateral 
temporal lobe (T7, TP7, and P7), frontal lobe (Fz, and F8), 
and occipital lobe (O2, and Oz) during the first session. In the 
second session, θ  power was dominant in female group, 
β and γ  powers were dominant in male group. The 
significant θ  power difference appeared on the occipital 
lobe (O1) and parietal lobe (Pz, P4). High frequency band 
power (i.e., β  and γ ) difference was observed on left 
temporal lobe (T7, TP7, P7, CP3), frontal lobe (Fz, FCz, and 
Cz), and right parietal lobe (P4).  

IV. DISCUSSIONS 
In this study, we investigated gender differences during 

global/local visual processing with source localization study. 
We analyzed 400msec from the stimulus onset to focus on the 
visual processing differences which individual differences 
caused by motor skill were excluded from the data. The 
current study used modified hierarchically structured 
stimulus to control the difficulty of the conventional Navon’s 

 
Fig. 3.  Relative power differences between male and female group. 
Statistically significant channels are represented (θ : purple, α : blue, β : 
red, γ : yellow) (a) Power differences during S1, (b) Power differences 
during S2.
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stimulus. 
Significantly large amount of low-frequency band 

activities (θ  andα ) were found in the posterior region of 
female group compared to male group participants. Low 
frequency EEG activity is generally interpreted as signal 
generated by the information transfer between subcortical 
and cortical region [18, 19]. The relative power analysis 
provides us the increase of  β  and γ  power in male group 
which means increase of the low frequency power in the 
female group. This phenomenon is not sufficient to support 
the idea that information transfer difference between male 
and female yet.  

But the results with source localization study also fits well 
with the hypothesis we made. Precuneus which is the region 
placed at posterior parietal cortex is believed to be the 
originating source of signal which is activated during visual 
imagery of letters or spatial discrimination of visually 
presented letters [20, 21]. The source of the EEG in theta 
oscillation was detected in the both gender during S1 and S2 
and we can suppose the activation of the site represents the 
visual imaging process to remind the target shape. Here, 
significant theta activation source difference in the right 
temporal lobe is appeared to female group. The theta activity 
sourced at temporal cortex is highly related to hippocampal 
activation which is a formation of new episodic memories or 
to integrative functions including selective attention. 
According to the previous studies, we might think that the 
reason of the higher source activity on their temporal cortex is 
evidence of the hypothesis; women more depends on the 
memory recall during local-global visual stimulus processing 
than complex shape decoding. But there are still limitations 
that the cognitive task we have used is using working 
memory only partly, that we need further study with various 
cognitive tasks. 

sLORETA, recently developed linear estimation method, 
provides significantly localized sources with low error. In the 
current study, we observed theta oscillation difference at the 
right temporal cortex, as mentioned above, the calculated 
source does not provide exact coordinates of hippocampus, 
which can be one of the deep sources. The oscillatory 
activation from the deep source might not be clearly 
separated from rough cortical regions by using sLORETA 
[22]. Though, with the conventional analysis methods 
executed in parallel (i.e., power spectrum), the source 
localization study can provide a clear view of gender 
differences in local-global visual processing. From the results, 
we can say that source localization study using sLORETA is 
suitable for research electrophysiological properties of 
human EEG. 

REFERENCES 
[1] D. Navon, "Forest before trees: The precedence of global features in 

visual perception," Cognitive Psychology, vol. 9, pp. 353-383, 1977. 

[2] A. S. Gevins and M. E. Smith, "L., & Yu, D.(1997). High resolution 
EEG mapping of cortical activation related to working memory: 
Effects of task difficulty, type of processing, and practice," Cerebral 
Cortex, vol. 7, pp. 374-385. 

[3] W. Klimesch, "EEG alpha and theta oscillations reflect cognitive and 
memory performance: a review and analysis," Brain Research Reviews, 
vol. 29, pp. 169-195, 1999. 

[4] E. Basar, C. Basar-Eroglu, S. Karakas, and M. Schurmann, "Gamma, 
alpha, delta, and theta oscillations govern cognitive processes," Int. J. 
Psychophysiol, vol. 39, pp. 241-248, 2001. 

[5] M. E. Hasselmo, C. Bodelon, and B. P. Wyble, "A Proposed Function 
for Hippocampal Theta Rhythm: Separate Phases of Encoding and 
Retrieval Enhance Reversal of Prior Learning," MIT Press, 2002. 

[6] S. J. Judge and M. E. Hasselmo, "Theta Rhythmic Stimulation of 
Stratum Lacunosum-Moleculare in Rat Hippocampus Contributes to 
Associative LTP at a Phase Offset in Stratum Radiatum," Journal of 
Neurophysiology, vol. 92, pp. 1615-1624, 2004. 

[7] A. L. Foundas, C. M. Leonard, and B. Hanna-Pladdy, "Variability in 
the anatomy of the planum temporale and posterior ascending ramus: 
Do right-and left handers differ?," Brain and Language, vol. 83, pp. 
403-424, 2002. 

[8] J. J. Kulynych, K. Vladar, D. W. Jones, and D. R. Weinberger, 
"Gender differences in the normal lateralization of the supratemporal 
cortex: MRI surface-rendering morphometry of Heschl's gyrus and the 
planum temporale," Cereb Cortex, vol. 4, pp. 107-18, 1994. 

[9] M. R. Basso and N. Lowery, "Global-Local Visual Biases Correspond 
With Visual-Spatial Orientation," Journal of Clinical and 
Experimental Neuropsychology, vol. 26, pp. 24-30, 2004. 

[10] D. F. Halpern, Sex Differences in Cognitive Abilities: Lawrence 
Erlbaum Assoc Inc, 2000. 

[11] D. Roalf, N. Lowery, and B. I. Turetsky, "Behavioral and 
physiological findings of gender differences in global-local visual 
processing," Brain Cogn, 2005. 

[12] H. H. Jasper, "The ten-twenty electrode system of the International 
Federation," Electroencephalography and Clinical Neurophysiology, 
vol. 10, pp. 371-375, 1958. 

[13] M. Boeschoten, C. Kemner, J. Kenemans, and H. Engeland, "The 
relationship between local and global processing and the processing of 
high and low spatial frequencies studied by event-related potentials 
and source modeling," Brain Res Cogn Brain Res, vol. 24, pp. 228-236, 
2005. 

[14] O. Hauk, M. Davis, M. Ford, F. Pulvermuller, and W. Marslen-Wilson, 
"The time course of visual word recognition as revealed by linear 
regression analysis of ERP data," NeuroImage, vol. 30, pp. 1383-1400, 
2006. 

[15] Y. Jiang and S. Han, "Neural mechanisms of global/local processing of 
bilateral visual inputs: an ERP study," Clin Neurophysiol, vol. 116, pp. 
1444-1454, 2005. 

[16] R. D. Pascual-Marqui, "Standardized low resolution brain 
electromagnetic tomography (sLORETA): technical details," Methods 
Find. Exp. Clin. Pharmacol, vol. 24, pp. 5-12, 2002. 

[17] K. Sekihara, M. Sahani, and S. S. Nagarajan, "Localization bias and 
spatial resolution of adaptive and non-adaptive spatial filters for MEG 
source reconstruction," Neuroimage, vol. 25, pp. 1056-1067, 2005. 

[18] T. V. Sewards and M. A. Sewards, "Alpha-band oscillations in visual 
cortex: part of the neural correlate of visual awareness?," Int J 
Psychophysiol, vol. 32, pp. 35-45, 1999. 

[19] S. W. Hughes and V. Crunelli, "Thalamic Mechanisms of EEG Alpha 
Rhythms and Their Pathological Implications," The Neuroscientist, 
vol. 11, pp. 357, 2005. 

[20] T. Raij, "Patterns of Brain Activity during Visual Imagery of Letters," 
Journal of Cognitive Neuroscience, vol. 11, pp. 282-299, 1999. 

[21] J. Sergent, E. Zuck, M. Levesque, and B. MacDonald, "Positron 
emission tomography study of letter and object processing: Empirical 
findings and methodological considerations," Cerebral Cortex, vol. 2, 
pp. 68-80, 1992. 

[22] M. Wagner, M. Fuchs, and J. Kastner, "Evaluation of sLORETA in the 
Presence of Noise and Multiple Sources," Brain Topography, vol. 16, 
pp. 277-280, 2004. 

 

571


