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Abstract
Objective

There are two inter-related categories of EEG measurement: 1, EEG currents or power and; 2,
EEG network properties such as coherence and phase delays. The purpose of this study was to
compare the ability of these two different categories of EEG measurement to predict
performance on the Weschler Intelligence test (WISC-R).

Methods

Resting eyes closed EEG was recorded from 19 scalp locations with a linked ears reference
from 442 subjects aged 5-52 years. The Weschler Intelligence test was administered to the
same subjects but not while the EEG was recorded. Subjects were divided into high IQ (>120)
and low 1Q (<90) groups. EEG variables at P<.05 were entered into a factor analysis and then
the single highest loading variable on each factor was entered into a discriminant analysis
where groups were high 1Q vs. low.Q.

Results
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Discriminant analysis of high vs. low 1Q was 92.81-97.14% accurate. Discriminant scores of
intermediate 1Q subjects (i.e. 90<1Q<120) were intermediate between the high and low 1Q
groups. Linear regression predictions of 1Q significantly correlated with the discriminant
scores (r=0.818-0.825, P<10 °). The ranking of effect size was EEG phase>EEG
coherence>EEG amplitude asymmetry>absolute power>relative power and power ratios. The
strongest correlations to 1Q were short EEG phase delays in the frontal lobes and long phase
delays in the posterior cortical regions, reduced coherence and increased absolute power.

Conclusions

The findings are consistent with increased neural efficiency and increased brain complexity as
positively related to intelligence, and with frontal lobe synchronization of neural resources as
a significant contributing factor to EEG and intelligence correlations.

Significance

Quantitative EEG predictions of intelligence provide medium to strong effect size estimates
of cognitive functioning while simultaneously revealing a deeper understanding of the
neurophysiological substrates of intelligence.
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1. Introduction

Correlations between intelligence and EEG measures have been reported in numerous studies
(Giannitrapani, 1985). In general, two categories of EEG variables are correlated with 1Q and
neuropsychological test performance: 1, power or amplitude measures and; 2, network
connection measures such as coherence and phase delays and non-linear dynamical models of
network complexity. The EEG amplitude or power studies generally report a positive
correlation between absolute power and 1Q (Marosi et al., 1999; Schmid et al., 2002).
Jausovec and Jausovec (2001) using LORETA imaging methods reported increased 3-
dimensional current source density in the alpha and beta band as being positively related to
IQ, which was consistent with the surface EEG measures of increased power. Decreased
power in lower frequencies (delta and theta) is also reported as being positively correlated
with 1Q in learning disabled children (Marosi et al., 1999) but not in normal subjects (Martin-
Loeches et al., 2001). Studies by Jausovec and Jausovec, 2000a and Jausovec and Jausovec,
2000b indicate that increased power in the high alpha band (10-12 Hz) was more significantly
correlated with 1Q than increased power in the lower alpha frequency band (e.g. 8-9 Hz).
However, genetic studies of the correlation between increased alpha power and increased
alpha frequencies have failed to confirm these findings (Giannitrapani, 1985; Posthuma et al.,
2001; Schmid et al., 2002).

The network measures of EEG typically report a positive correlation between neural
complexity and intelligence. For example, negative correlations between EEG coherence and
IQ especially in the frontal lobes have been reported (Barry et al., 2002 and Marosi et al., 1999
Martin-Loeches et al., 2001; Silberstein et al., 2003; Thatcher et al., 1983) and increased
dimensionality of the EEG is reported as being positively correlated with IQ in the eyes closed resting
condition (Anokhin et al., 1999). Several EEG network studies have argued that increased complexity
and increased neural efficiency are positively related to intelligence (Anokhin et al., 1999; Jausovec
and Jausovec, 2003; Lutzenberger et al., 1992; Neubauer et al., 2004).

Coherence is a measure of phase angle consistency or phase ‘variability’ but is independent of

the mean phase angle or mean phase shift between two time series (Bendat and Piersol, 1980;
Otnes and Enochson, 1972). The correlation between the mean EEG phase shift and intelligence has
not been studied as much as other EEG measures. Thatcher et al. (1983) showed both positive and
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negative correlations between brain maturation and phase delays depend on the topography of the
electrodes. Some studies of EEG complexity and dimensionality and intelligence have included
measures of phase delays but these studies have not analyzed or correlated phase delay with
intelligence per se (Anokhin et al., 1999).

The purpose of the present study is to investigate the correlations between EEG and the
WISC-R intelligence test using power measures (absolute power, relative power and power
ratios) and EEG network measures (coherence and phase delay). Multivariate analyses will be
used to compare low and high 1Q subjects as a first step toward examining the relations
between EEG and neuropsychological test performance.

2. Methods
2.1. Subjects

The study included a total of 442 subjects ranging in age from 5 to 52.75 years (males=260).
The age distribution was weighted toward younger subjects with N=398 in the age range 5-
15, N=40 in the age range of 16-25 and N=4 in the age range of 26-55. However, age was not
a confounding variable because there were no statistically significant differences in age
between different 1Q groups. Subjects with a history of neurological disorders were excluded
from the study and none of the subjects in the study had taken medication less than 24 h
before testing in this study. The full scale IQ and age means, ranges and standard deviations
of the subjects are shown in Table 1.

Table 1.

Age and full scale 1Q means, ranges and standard deviations of the three groups of subjects

1Q N Mean SD Age Mean full SD full Full 1Q
groups age age range 1Q 1Q range
Low IQ 74 | 11.76 5.71 5.00-52 83.05 6.11 70-90
Middle 1Q | 270 | 11.05 3.74 5.00-39 105.39 7.62 91-119
High 1Q 98 | 10.44 4.64 5.17-37 128.33 7.47 120-154
Full-size table
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2.2. Neuropsychological measures

Neuropsychological and school achievement tests were administered on the same day that the
EEG was recorded. The order of EEG and neuropsychological testing was randomized and
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counter-balanced so that EEG was measured before neuropsychological tests in one half of
the subjects and neuropsychological tests were administered before the EEG in the other half
of the subjects. All tests were performed on the same day. The Wechler Intelligence Scale for
Children revised (WISC-R) was administered for individuals between 5 years of age and 16
years and the Weschler Adult Intelligence Scale revised (WAIS-R) was administered to
subjects older than 16 years. The neuropsychological sub-tests for estimating full scale 1Q
were the same for the WISC-R and the WAIS and included information, mathematics,
vocabulary, block design, digit span, picture completion, coding and mazes. The
neuropsychological tests included block design, digit span, picture completion, vocabulary,
coding and mazes in the WISC-R.

2.3. EEG recording

The EEG was recorded from 19 scalp locations based on the International 10/20 system of
electrode placement, using linked ears as a reference. University of Maryland built EEG
amplifiers were used to acquire EEG from 380 of the subjects at 100 Hz sample rate and
Lexicor-NRS 24 EEG amplifiers at 128 Hz sample rate were used to acquire EEG from 62 of
the subjects. There were no significant differences in the distribution of 1Q scores or in the
age range of subjects acquired by the two amplifier systems. Both amplifier systems were

3 db down at 0.5 and 30 Hz and the Lexicor NRS-24 Amplifiers and the University of
Maryland amplifiers were calibrated and equated using sine wave calibration signals and
standardized procedures. Two to 5 min segments of EEG were recorded during an eyes closed
resting condition for all subjects. Each EEG record was visually examined and then edited to
remove artifact using the Neuroguide software program. Split-half reliability tests and test re-
test reliability tests were conducted on the edited EEG segments and only records with >90%
reliability were entered into the spectral analyses.

2.4. Power spectral analyses

Interpolation of the 100 Hz sampled EEG to 128 Hz was used in order to equate the sample

rates for all subjects (Press et al., 1994). A Fast Fourier transform (FFT) auto-spectral and cross-
spectral analysis was computed on 2 s epochs thus yielding a 0.5 Hz frequency resolution over the
frequency range from 0 to 30 Hz for each epoch. A ratio of the microvolt sine wave calibration signals
from 0 to 30 Hz that were used to calibrate the University of Maryland amplifier frequency
characteristics and the Lexicor NRS-24 amplifier characteristics was computed and then used as
equilibration ratios in the FFT to exactly equate the two amplifier systems. The 75% sliding window
method of Kaiser and Sterman (2001) was used to compute the FFT in which successive 2 s epochs
(i.e. 256 points) were overlapped by 500 ms steps (64 points) in order to minimize the effects of the
FFT windowing procedure. Absolute and relative power were computed from the 19 scalp locations in
the delta (1.0-3.5 Hz), theta (4.0-7.5 Hz), alpha (8-12 Hz), beta (12.5-25 Hz) and high beta (25.5—
30 Hz) frequency bands. EEG amplitude was computed as the square root of power. Relative power
was the ratio of power in a given band/sum of power from 1 to 30 Hz (i.e. total power)x100. Relative
power ratios of the different frequency bands of EEG from a specific electrode were computed for
theta/beta, theta/alpha, alpha/beta and delta/theta. The frequency ratios were limited to the 4 most
commonly studied frequency ratios.

EEG amplitude asymmetry differences were computed as a ratio of differences in absolute
power between two scalp locations or (A—B/A+B)*x200 where A and B are the absolute power
recorded from two different electrode locations. When A=B, then amplitude asymmetry=0.
Interhemispheric comparisons are (left—right/left+right) and intrahemispheric comparisons are
posterior derivation—anterior derivation/posterior derivation+anterior derivation (Thatcher et

al., 1983).
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EEG coherence and phase were computed for all 171 intrahemispheric and interhemispheric
pair wise combinations of electrodes (Thatcher et al., 1983). Coherence is defined as

where Gy,(f) is the cross-power spectral density and Gy(f) and Gy(f) are the respective
autopower spectral densities. Coherence was computed for all pairwise combinations of the
19 channels for each of the 5 frequency bands (delta, theta, alpha, beta and high-beta). The
computational procedure to obtain coherence involved first computing the power spectra for x
and y and then computing the normalized cross-spectra. Since complex analyses are involved,
this produced the cospectrum (‘r’ for real) and quadspectrum (‘gq’ for imaginary). Then
coherence was computed as:

The phase angle O, between two channels is the ratio of the quadspectrum to the cospectrum

or Oyy=arctan gyy/ryy which was computed in radians and transformed to degrees (Bendat and
Piersol, 1980; Otnes and Enochson, 1972). The absolute phase delay in degrees was computed by

squaring and then taking the square root of the phase angle or

The total number of QEEG variables as well as the number of QEEG variables in different
categories of the analyses are given in Table 2.

Table 2.

The total number and categories of gEEG variables

Full-size image (17K)

Full-size table
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2.5. Selection of variables for discriminant analyses between high and low 1Q groups

The subjects were separated into a high full scale IQ group (1Q>120) and a low full scale IQ
group (<90 1Q) for purposes of the full scale IQ analyses. A similar separation into high (i.e.
>120) and low 1Q (<90) groups was also made based on performance IQ and verbal IQ for
separate discriminant analyses. Thus, 3 separate discriminant analyses were conducted (full
scale 1Q, performance 1Q and verbal 1Q). The procedures for variable selection and reduction
were the same for all 3 analyses. In order to assess possible confounding by age, t-tests were
conducted of differences between age in different 1Q groupings (low IQ vs. middle 1Q, low 1Q
vs. high 1Q and middle 1Q vs. high 1Q). The results of the analysis showed that there were no
statistically significant differences in age between any of the I1Q groupings.

T-tests were conducted on all 2831 EEG measures and variables that were statistically significant at
P<.05 were identified. EEG variables that were statistically significant at P<.05, were then entered into
a varimax factor analysis to further reduce the measure sets. No correction for multiple comparisons
was used because the goal of this step was data reduction to separate the most significant variables
from the less significant variables rather than drawing an inferential conclusion. Separate varimax
factor analyses were performed on each category of the spectral analysis variables and the highest
loading variable on each factor was then identified for entry into the discriminant analysis. This
resulted in the selection of 63 variables for the full scale 1Q discriminant analysis, 79 variables for the
verbal IQ discriminant analysis and 85 variables for the performance IQ analyses. Table 3 shows that
this two-step process resulted in a 93.2-96.8% reduction in the total variable space (e.g. 63/2831) and
a subject to variable ratio of 2.25-2.65.

Table 3.

Data reduction by t-tests and factor analysis

IQ scores>120 vs. IQ scores<90 | Total no. of T-test VARSs

Full 1Q Verbal 1Q Performance 1Q
Absolute power 23 19 51
Relative power 5 5 4
RP-ratios 3 1 4
Amplitude asymmetry 187 229 109
Coherence 170 181 222
Absolute phase 111 96 175

Total no. of final selected VARS
Factor analyses results
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1Q scores>120 vs. IQ scores<90 | Total no. of T-test VARs

Full 1Q Verbal 1Q Performance 1Q
Full 1Q Verbal 1Q Performance 1Q

Absolute power 4 4 6

Relative power 5 5 4

RP-ratios 3 1 4

Amplitude asymmetry 16 18 16

Coherence 15 24 14

Absolute phase 20 27 41

Total variables 63 79 85

Full-size table

Data reduction process: T-tests and factor analyses. T-Tests: significance at P<.05.

View Within Article

Linear discriminant analyses were computed using SPSS (1994). A Bayesian procedure was
used in order to adjust for differences in sample size between the high IQ and low IQ groups.
Sensitivity, specificity, positive predicted values (PPV) and negative predicted values (NPV) were
defined as: Sensitivity=True positives (TP)/(TP+False Negatives (FN)). Specificity was defined as:
True Negatives (TN)/(TN+False Positives (FP)). PPV=TP/(TP+FP) and NPV=TN/(FN+TN).

2.6. Validation by multiple regression analyses

Multiple regression analyses (SPSS, 1994) were conducted to independently validate the
discriminant analyses and to compare to the discriminant analyses. The dependent variables were an
IQ score (full scale IQ or verbal IQ or performance IQ in separate tests) and the independent variables
were the EEG variables entered into the discriminant analyses described in Section 2.4.

3. Results
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3.1. Discriminant analysis of high 1Q vs. low 1Q groups

Table 3 shows the number of EEG variables that were selected for entry into the discriminant analysis
of the high 1Q (IQ>120) vs. low IQ (IQ<90) subjects. The greatest number of variables in the 3 different
discriminant analyses were: EEG phase, then amplitude asymmetry, then coherence, then relative and
absolute power and then ratios of power. Although some of the EEG variables were used in all 3
analyses, most of the variables were unique to each analysis in terms of frequency and location.

Table 4 is a listing of the EEG variables that were selected for the discriminant analyses.

Table 4.

List of the EEG variables that were selected for the discriminant analyses

Final selection of qEEE variables: full scale 1Q

Absolute power ';r;rgllri;g?& Coherence ,:\hbssgute
Delta-Cz Delta Alpha Delta Delta Alpha
Alpha-0O1 CzT4 Cz02 T601 FP1Fz TSPz
Beta-P3 FzF4 F3P3 CzPz CzO1 FATA4
Beta-T4 C3Cz F3T3 FzCz T3Cz F302

Theta FP2C4 F7F4 T401 T602
Relative power

F402 CzP4 T301 FzC4 Betasd
Delta-FP1 FP1C3 F3T6 Theta T302 P301
Delta-F7 FzC3 Beta T3Cz PzT6 CzT5
Beta-O1 F3Cz F3P3 C301 Theta PAT6
Beta-02 ;;a PAT6 | CzT6 Hl-Beta
Hl-Beta-O1 F8C3 T5P3 FzT5 CzP3

CzC4 Alpha T5Pz PzP4

Relative power FP2F7 FzF8
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ratios

Alpha/Beta-0O1

Alpha/Beta-02

Delta/Theta-FP1

Final selection of g

EEG variables: verbal 1Q

Absolute power ':sr;rﬂlrir:z?ri/ Coherence
Delta-T3
Theta-O1 Delta Delta
Alpha-0O1 PzO2 C402
Beta-T4 Theta F7F4
FzPz CzPz
Relative power
C3T4 F8C4
Delta-FP1 FP1Cz T301
Alpha-FP1 F3Cz FP1F4
Beta-O1 FzF4 C3C4
Beta-02 Alpha FP2F8
Hl-Beta-O1 F4Pz F7P4
Cz02 Theta
Relative power
ratios F2T3 T3c4

P401
FP1Pz
P301
Beta
T502
HI-Beta |
T5P4
Absolute
phase
Alpha | Delta | Beta
F3F8 || FP1Fz | FAC3
P302 || T3Cz | F8Cz
F3T6 || T302 | HI-Beta
T5P3 FP1Pz PzP4
F7T5 || T401 | F402
Beta | Theta | FzF8
C301 | FP2F4 | CzP3
HI-Beta | T601 | FP1FP2
CzT5 | Alpha | C3T5
| F8P4 | C4T6
FzF4 FP201




Alpha/Beta-02 | FzC4 | FACz
F4T6 | C302
0102 | Fz02
FP1F7 | T602
Beta | P402
F3P3 | FP1F7
F3Cz | T501
FAT4
P3P4
HI-Beta
FzF8

Final selection of g

EEG variables: performance 1Q

Absolute power ':sr;rﬂlrir:z?ri/ Coherence
Delta-Pz
Alpha-Cz Delta | Delta
Alpha-T3 C302 | C302
Beta-Fz C3T4 | PzP4
Beta-T4 T3C3 | F7F4
HI-Beta-Cz FzP3 | Theta

Theta | T3Cz
Relative power

FP1Cz P4T6
Delta-Pz FzPz | T5T6
Beta-O2 FP2F8 | F8T5
HI-Beta-O1 FP1F7 | Alpha
HI-Beta-02 0102 | F3Fz

Alpha | FP2P4

| F7T3

| P401

| T3P4

| FP2F8

| CzT4

| C302

| P3T6

| T4T5

Absolute

phase
Delta || Alpha | HI-Beta
FP1FP2 | FP2Fz | CzP3
T3C4 || T5Pz | F4T5
C4T5 | FP2F3 | FzT4
CzT4 | FP202 | FzT3
PzO1 | P3T6 | T5P3
CAT6 | P40O2 F4F8
T4T5 | F3Cz
F702 | F701
FzCz | Beta
C302 | C3T5
Theta | F3Cz




Relative power

ratios FP1C3 PzO2 caTe | CzO1
Alpha/Beta-O2 | FP1F4 FP1Pz F4Ts | paTe
Delta/Theta-Cz T502 Beta T3T5 CzT6
Delta/Theta-C4 | Beta T601 FP2E7 || FzT3
Delta/Theta-C3 | PzO1 HI- T5T6 | PzO2
Beta
FzP3 c401 T4T5 [ T502
HI-Beta T3P3 F8T5 | T302
= FAT3
FzCz
Full-size table
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Fig. 1 shows the results of the 3 different discriminant analyses where the y-axes are the measured 1Q
scores and the x-axes the discriminant scores. Fig. 1 (Top) is the result of the full scale 1Q analysis,
bottom left are the results of the verbal 1Q analysis and bottom right are the results of the performance
IQ analysis. It can be seen that the high 1Q vs. low IQ groups were separated in all 3 analyses.

Full-size image (13K)

Fig. 1. Top middle shows the distribution of the discriminant scores on the x-axis and full
scale 1Q scores on the y-axis for the high 1Q (>120) and low 1Q (<90) groups of subjects.
Bottom left shows the distribution of the discriminant scores on the x-axis and Verbal 1Q
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scores on the y-axis for the high 1Q (>120) and low 1Q (<90) groups of subjects. Bottom right
shows the distribution of the discriminant scores on the x-axis and performance 1Q scores on
the y-axis for the high 1Q (>120) and low 1Q (<90) groups of subjects.
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Table 5 shows the results of the discriminant analysis of high 1Q vs. low IQ groups. Overall
classification ranged in accuracy from 97.14% for performance 1Q to 94.77% for verbal IQ to 92.81%
for full scale 1Q Sensitivity ranged from 96.84% for verbal IQ to 95.98% for performance 1Q to 91.75%
for verbal IQ Specificity ranged from 98.5% for performance 1Q to 94.29% for full scale 1Q to 92.2% for
verbal 1Q

Table 5.

Results of the discriminant analyses

Results Classification

1Q>120 1Q <90

Discriminant analysis: full scale 1Q (total selected variables=63),
classification accuracy=92.81%

Full IQ >120 n=97 (89)91.8% | (8) 8.2%
_ (66)
= 0
Full IQ <90 n=70 (4) 5.7% o1 3%
_ (114)
90<full 1Q<120 n=267 (153)57.3% | 4o 20

Discriminant analysis: verbal 1Q (total selected variables=79),
classification accuracy=94.77%

Verb 1Q >120 n=95 (92) 96.8% (3) 3.2%
- (71)
= 0,

Verb IQ <90 n=77 (6) 7.8% 92.2%

90<verb 1Q<120 n=270 (147) 54.4% | (123)
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Results Classification

1Q>120 1Q <90
45.6%
Discriminant analysis: performance 1Q (total selected
variables=85), classification accuracy=97.14%
Perf 1Q>120 n=73 (70) 95.9% (3)4.1%
- (66)
= )
Perf 1Q<90 n=67 (1) 1.5% 98 5%
_ (151)
= 0
90<perf 1Q<120 n=302 (151) 50.0% £0.0%

Full-size table

View Within Article

EMG artifact rejection resulted in missing data in one or more channels and the SPSS list

wise case option deleted 8 subjects, leaving N=434 for the full-scale 1Q analysis. As seen in
Table 5, there were slight differences in sample size between the 3 IQ groups that were entered into
the discriminant analyses because of differences in categorization based on the verbal or performance
IQ subtests. For example, subjects with a performance IQ that places them in the middle 1Q group
may have a lower verbal 1Q that places them in the low IQ group, etc. These differences were
relatively small and had no significant effect on the overall accuracy of the full scale, verbal and
performance IQ discriminant analyses.

In order to further determine that age was not a confounding variable, the full scale 1Q
discriminant analysis was re-computed after deletion of subjects greater than 16 years of age.
The results of this analysis showed that age is not a confounding variable and that stable,
accurate and reproducible discrimination between high and low 1Q groups is independent of
age.

3.2. Cross-validation of mid range 1Q subjects

The EEG discriminant function is a linear regression equation that returns a single value for

each subject based on the EEG variables and a unique set of regression coefficients (Norusis
1994). Discriminant functions are not just classifiers of the probability of membership of a group, but
may also be a linear estimate of values intermediate to the extreme values contained in the original

groups that were discriminated (Thatcher et al., 2001). A simple test of the linearity of a discriminant
function is to determine if the discriminant scores for subjects within the intermediate range of 1Q, i.e.
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90<1Q<120 are intermediate to the discriminant scores for the two extreme groups of subjects (i.e. <90
and >120). T-tests between the mean ages of the intermediate 1Q vs. the low IQ and high IQ groups
were not significant. The bottom row of each section of Table 4 shows the classification accuracy of
the subjects that were intermediate in 90<IQ<120. It can be seen in Table 5 that the intermediate 1Q
subjects were approximately evenly split between the high and low 1Q groups which is expected if the
discriminant function is a linear predictor of I1Q

Fig. 2 shows the distribution of discriminant scores for the two extreme 1Q groups as well as the
intermediate 1Q subjects. It can be seen that the discriminant function does behave as a linear
estimator of IQ because the intermediate 1Q subjects produced intermediate discriminant scores.

Full-size image (22K)

Fig. 2. Top middle shows the distribution of the discriminant scores on the x-axis for the full
scale 1Q analyses for the 3 groups of subjects. The distribution to the left is the high 1Q group
(>120 1Q), the distribution on the right is for the low 1Q group (<90) and the middle
distribution scores are from subjects with 1Q scores intermediate between the high and low 1Q
groups (i.e. >90 and <120). Bottom left is the corresponding data for the verbal 1Q scores.
Bottom right is the same as the top middle but for the performance 1Q scores.

View Within Article

3.3. Cross-validation using multivariate regression analyses

The finding that intermediate value 1Q subjects produce intermediate value discriminant
scores indicates that multivariate regression analysis should yield similar results to the
discriminant analysis. The advantage of multivariate regression analyses is that there is no
dependence upon discriminating between two groups of subjects such as low and high 1Q
groups and a continuum of 1Q predictions are possible. Correlation analyses were conducted
between the discriminant scores using the discriminant analysis and predicted 1Q scores using
the multivariate regression analysis. Validation of both analyses is related to the extent that
these two separate analyses are correlated. Fig. 3 shows the results of the correlation between the
discriminant scores and the predicted 1Q using multivariate regression analyses in the total population
as well as independently for the different sub-groups of subjects shown in Table 1. Fig. 3 shows that

there are statistically significant correlations between the multiple regression prediction of full scale 1Q
scores and the discriminant scores in all combinations of subjects in this study.



http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#tbl4
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#tbl5
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#fig2
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6VNP-4GPW3V0-1&_image=fig2&_ba=3&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=full&_orig=search&_cdi=6184&_issn=13882457&_pii=S1388245705002063&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=4b551bd3ee698be0d269232cdc019b06
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#fig2
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#fig3
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#tbl1
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#fig3

Full-size image (16K)

Fig. 3. Top middle shows the prediction of Full Scale IQ for all subjects (N=422) based on the
multivariate regression analysis on the y-axis and the discriminant scores on the x-axis.
Bottom left is the corresponding data for the Verbal 1Q scores. Bottom right is the same as the
top middle but for the Performance 1Q scores.
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As another test of EEG predictions of 1Q, multiple regression analyses were conducted to
evaluate the linearity and predictive accuracy of the EEG variables used in the discriminant
analysis. In these analyses, the 1Q scores were the dependent variables (y-axis) and the EEG
measures were the independent variables (x-axis). Fig. 4 shows a scattergram plot and correlation

between the measured IQ scores and the predicted 1Q in 3 separate multivariate regression analyses.
The multiple regressions ranged in value from 0.580 for full scale IQ to 0.597 for performance 1Q

Full-size image (19K)

Fig. 4. Top middle shows the measured Full Scale 1Q scores for all subjects (N=422) on the y-
axis and the multivariate regression prediction of 1Q scores on the x-axis. Bottom left is the
corresponding data for the verbal 1Q scores. Bottom right is the corresponding data for the
performance 1Q scores.
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Table 6 summarizes the results of the 3 multiple regression analyses including the ability of the EEG
variables in Table 4 to predict performance on the individual neuropsychological subtests of the WISC-
R.

Table 6.

Multivariate correlation results of the regression analyses to predict 1Q

Multiple regression analyses

FULL 1Q_63 | VERB IQ_79 | PERF 1Q_85

NeuroPsychs FULLIQ | 0.57 0.57 0.59
VERB 1Q || 0.55 0.59 0.56
PERF IQ 0.54 0.50 0.60
VERB IQ Subtests | INFOR 0.56 0.58 0.56
MATH 0.48 0.54 0.51
VOCAB 0.55 0.57 0.55
DIGSP 0.44 0.50 0.47
PERF 1Q Subtests | PICTCOM || 0.50 0.47 0.53
BLOCK 0.51 0.52 0.56
CODING | 047 0.44 0.53
MAZES 0.51 0.49 0.56
Full-size table

View Within Article
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3.4. Short frontal phase delays, long posterior phase delays, lower coherence and higher
power are positively related to higher 1Q scores

Correlation analyses were conducted to determine the direction of association between the
EEG measures that had statistically significant high and low 1Q EEG differences using the t-
test. In order to interpret the direction or sign of the correlation, non-parametric sign tests
were conducted. The direction of correlation in the ratio EEG variables such as relative power
or power ratios or amplitude asymmetry is difficult to interpret and, therefore, the sign of the

correlations was not analyzed. Table 7 summarizes the results of the correlations analyses for
absolute power, coherence and absolute phase delays for the full scale 1Q, verbal IQ and performance
IQ discriminant variables. It can be seen in Table 7 that absolute power was consistently positively
correlated with 1Q and that coherence was consistently negatively correlated with 1Q

Table 7.

Summary of the sign of the correlation coefficients between 1Q and EEG

Absolute power Coherence | Absolute phase

POS+ NEG- | POS+ NEG- POS+ | NEG-
DQFULL frequency
DELTA 8 0 1 58 20 10
THETA 1 0 1 39 13 3
ALPHA 6 0 2 24 13 2
BETA 7 0 0 14 13 6
HI-BETA | 0 0 0 30 5 9
TOTAL | 22 0 4 165 64 30
DQVERSB frequency
DELTA 6 0 0 49 11 13
THETA |3 0 0 37 0 6
ALPHA |4 0 0 42 3 16
BETA 2 0 0 10 1 7
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Absolute power Coherence | Absolute phase

POS+ NEG- | POS+ NEG- POS+ | NEG-
HI-BETA | 0 0 0 6 1 13
TOTAL |15 0 0 144 16 55
DQPERF frequency
DELTA 10 0 1 74 36 4
THETA | 3 0 2 40 28 3
ALPHA 16 0 18 9 16 0
BETA 11 0 0 25 19 1
HI-BETA || 2 0 0 53 7 1
TOTAL | 42 0 21 201 106 9
Full-size table

Correlations at P<.05 of significant T-test variables with 1Q scores.

View Within Article

In contrast, absolute phase delays were a mixture of positive and negative correlation in which
overall approximately 1/3 of the EEG phase variables were negatively correlated with 1Q

Fig. 5 summarizes the locations of the positive vs. negative correlations between short distance EEG
phase and IQ in 4 quadrants of the scalp (i.e. adjacent interelectrode distances approx. 6—7 cm). It can
be seen that negative correlations primarily occurred in the frontal regions and that there were different
locations of positively and negatively correlated EEG phase variables between verbal 1Q and
performance IQ. In the case of phase, a negative correlation is where the shorter the phase delay the
higher the 1Q and a positive correlation is where the longer the phase delay the higher the 1Q
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Fig. 5. Head diagrams of the distribution of statistically significant correlations between EEG
phase variables and intelligence. Top middle is Full Scale IQ correlations, bottom left are the
distributions of verbal 1Q correlations and bottom right are the distributions of performance
IQ correlations. Positive correlations are marked by ‘+’ and negative correlations are marked
by ‘—’. Only short distance interelectrode correlations are included in this figure. The total

number of positive and negative correlations for all statistically significant correlations is in
Table 7.

View Within Article

Differences in the direction or sign of significant correlations and EEG frequency bands in the

correlations to verbal 1Q and performance 1Q are shown in Table 7. In summary, EEG coherence
was more positively correlated with performance 1Q in the alpha frequency band than was verbal 1Q
and there were relatively fewer negative phase delay correlations for performance 1Q than for verbal

Q.
4. Discussion

A continuum of relationships between EEG and cognitive function was demonstrated by the
intermediate discriminant scores of 90<1Q<20 as well as by the correlations between multiple

regression predictions of 1Q and the 1Q discriminant function (see Fig. 3). Similar effect sizes or
strengths of correlation between the EEG and 1Q have been reported in other studies, for example,
Schmid et al. (2002) reported similar positive correlations between EEG power and 1Q. Posthuma et
al. (2001) reported EEG and IQ heritability correlations in the 66—83% range. Anokhin et al. (1999)
reported EEG coherence and 1Q correlations in the r=0.6 range. Similar to the studies cited above, the
findings in this study showed significant correlations between EEG and intelligence and thus
demonstrated predictive validity between EEG and neuropsychological performance. There were no
statistically significant differences in mean age between the different IQ groups and removal of adult
subjects did not significantly alter the discriminant analyses. Therefore, age difference or age
distributions cannot account for the findings in this study. In the present study, increased power,
decreased coherence and shorter frontal lobe phase delays were positively correlated with
intelligence, independent of age, and these measures likely reflect fundamental factors that underlay
efficient cognitive functioning.

4.1. EEG amplitude and intelligence

Absolute power was positively correlated with full scale, verbal and performance 1Q (see
Table 7). This means that, on an average, the higher the absolute amplitude or power of the EEG then
the higher the 1Q. This finding is consistent with studies by Jausovec and Jausovec, 2001 and Martin-
Loeches et al., 2001 and others (Giannitrapani, 1985). Energy and intelligence are necessarily linked
and increased electrical currents are expected to be positively correlated with intelligence. However, a
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2-5% synchrony of synaptic generators can produce 90% of the signal recorded at the scalp surface
(Nunez, 1994). Therefore, the positive correlation between amplitude and intelligence is not simple
because it is a mixture of phase synchrony and total numbers of synaptic generators.

4.2. EEG frequency and intelligence

There were too few power variables that survived the multivariate data analysis to provide
detailed frequency analyses. However, it is not inconsistent to expect correlations to alpha
resonance and other rhythmic resonances related to network complexity and arousal. The
network measures such as EEG coherence and phase delays were generally independent of
frequency and all 5 frequency bands contributed almost equally to the multivariate regression
analyses whether for phase delays or coherence or amplitude asymmetry (see Table 4). The
experimental design in the present study did not involve a task instead EEG was recorded in a resting
condition and not during the neuropsychological tests themselves. This difference in experimental
design may in part account for the relative strength of correlations in the present study. It is important
to recognize that the term EEG ‘resting state’ is a state where a high level of neural network dynamics
are continuously ongoing in which the readiness or ‘potential’ to allocate neural resource is
continuously present. Studies designed to investigate EEG power in 3-dimensional source space in
low vs. high 1Q populations may help to further illuminate this dynamic.

4.3. EEG coherence and intelligence

Coherence is a statistical measure of phase consistency between two time series. Amplitude-
independent measures such as coherence were more strongly correlated with 1Q in this
multivariate analysis than were the power measures of the EEG. This indicates that the
network properties of shared information and coupling as reflected by EEG coherence are the
most predictive of 1Q. Similar findings have been reported by Gasser et al. (2003), Mizuhara et
al. (2004) and Silberstein et al. (2003). Also similar to studies by Silberstein et al. (2004) the results of
the present study found that decreased coherence was positively correlated with 1Q. This is consistent
with a model that relates decreased coherence to increased spatial differentiation as well as increased
complexity of the brain and thereby increased speed and efficiency of information processing
(Silberstein et al., 2004; Thatcher et al., 1983 and Thatcher et al., 1986).

4.4. EEG phase ‘delay’ and intelligence

Phase angle is the lead or lag delay between two time series. EEG spectral time delay equals
zero when volume conduction is involved. However, volume conduction cannot account for
the findings in this study because the phase delays varied as a function of electrode distance
and with different directions of correlation to 1Q as a function of anatomy. EEG time delays
significantly greater than zero between any two scalp electrodes are mediated by long distance
axons and short distance axons as well as the rise times of summated synaptic potentials in the

vicinity of the electrode (Nunez, 1981). Nunez, 1981 and Nunez, 1994 has estimated that
approximately 10% of the EEG electrical potential recorded from any scalp electrode is from the radial
dipoles directly underneath the electrode. Approximately 80% of the recorded electrical potential
sources are located in a field about 3 cm in diameter and 95% in a 6 cm radial field (Nunez, 1994).
However, these measures of EEG amplitude are irrelevant to phase delays because phase delay is
independent of the amplitude of the two EEG time series. Therefore, the number of connections or
strength of connections may have less relevance than the ability to synchronize distributed generators.

The results of this study showed that the shorter the phase delay the higher the 1Q. The limit
of shorter phase is equal to 0. Near-zero phase delay not due to volume conduction is often

measured in spatially distributed EEG scalp regions during cognitive tasks (Klimesch et al.
2000 and Klimesch et al., 2004). The results of this study are consistent with a near-zero phase delay
model of frontal lobe coupling to the extent that the direction of change is the same as in many of the
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zero phase delay neural models of cognition (Eckhorn et al., 1988; John, 1963 and John, 2002 E.R.

John, The neurophysics of consciousness, Brain Res Rev 39 (2002) (1), pp. 1-28. Article | PDF
(1904 K) | View Record in Scopus | Cited By in Scopus (77)John, 2002).

4.5. Frontal lobe vs. posterior cortex and intelligence

There was a significant anatomical difference between the frontal lobes and posterior cortical
regions. For example, the frontal short distance electrode phase delays were negatively
correlated with 1Q while the phase delays in posterior short distance electrodes were
positively correlated with 1Q. A general model to explain the data is to postulate two systems:
1, a frontal command system and; 2, a posterior sensory integration system. In system 1, the
shorter phase delays reflect speedier frontal command and more efficient control of the
posterior cortical resources. In system 2, it is postulated that the longer phase delays reflect
increased local processing time and increased information load, which are positively

correlated with 1Q. Fig. 6 is a diagrammatic illustration of the general differences in frontal vs.
posterior phase delays to illustrate the differences in direction of the correlation with 1Q.

Full-size image (74K)

Fig. 6. Diagrammatic illustration of some of the significant between full scale I1Q and phase
delays summarized in Table 7 and Fig. 5. Left column is the delta frequency band (1-3 Hz) and the
right column is the beta frequency band (13—-25 Hz). Top row (red color) are negative correlations (i.e.
the shorter the phase delays the higher is 1Q) and the bottom row (green color) are positive
correlations (i.e. the longer the phase delays then the higher is 1Q).

View Within Article

5. Summary

Full scale 1Q, performance 1Q and verbal 1Q correlations involved slightly different
combinations of EEG measures, nevertheless, coherence and phase dominated all 3
discriminant analyses. This indicates that the EEG correlations in this paper primarily concern
a ‘general property’ of intelligence referred to as the ‘G factor’ of the Weschler intelligence
test which is a measure of a general or integrative property of human intelligence independent
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of the verbal and performance subtests. To integrate the findings in this study, it is
hypothesized that general intelligence is positively correlated with faster processing times in
frontal connections as reflected by shorter phase delays. Simultaneously, intelligence is
positively related to increased differentiation in widespread local networks or local assemblies
of cells as reflected by reduced EEG coherence and longer EEG phase delays, especially in
local posterior and temporal lobe relations. The findings are consistent with a ‘network
binding’ model in which intelligence is a function of the efficiency by which the frontal lobes
orchestrate posterior and temporal neural resources. It is hypothesized that the best fitting
components of a model that link EEG and 1Q are: 1, efficient resource allocation through
frontal lobe near-zero phase lags; 2, high organizational complexity and; 3, optimal levels of
arousal.

Acknowledgements

We are indebted to Dr Rebecca McAlaster, Mr Lang Andersen and Ms Sheila Ignasias for
administering and scoring the neuropsychological and school achievement tests. We would
also like to thank Drs David Cantor and Michael Lester for their involvement in the
recruitment, EEG testing and evaluation of subjects and Rebecca Walker and Richard Curtin
for database management. Finally, we wish to acknowledge the help of the reviewers who
significantly strengthened the readability of the paper. Informed consent was obtained from
all subjects in this study.

References

Anokhin et al., 1999 A.P. Anokhin, W. Lutzenberger and N. Birbaumer, Spatiotemporal
organization of brain dynamics and intelligence: an EEG study in adolescents, Int J

Psychophysiol 33 (1999) (3), pp. 259-273. Article | PDF (181 K) | View Record in
Scopus | Cited By in Scopus (56)

Barry et al., 2002 R.J. Barry, A.R. Clarke, R. McCarthy and M. Selikowitz, EEG coherence in
attention-deficit/hyperactivity disorder: a comparative study of two DSM-1V types, Clin

Neurophysiol 113 (2002) (4), pp. 579-585. Article | PDF (90 K) | View Record in
Scopus | Cited By in Scopus (37)

Bendat and Piersol, 1980 J.S. Bendat and A.G. Piersol, Engineering applications of
correlation and spectral analysis, Wiley, New York (1980).

Eckhorn et al., 1988 R. Eckhorn, R. Bauer, W. Jordan, M. Brosch, W. Kruse, M. Munk and
H.J. Reitboek, Coherent oscillations: a mechanism of feature linking in the visual cortex?,
Biol Cybern 60 (1988), pp. 121-130. Full Text via CrossRef | View Record in Scopus | Cited
By in Scopus (819)

Gasser et al., 2003 T. Gasser, V. Rousson and U. Schreiter Gasser, EEG power and coherence
in children with educational problems, J Clin Neurophysiol 20 (2003) (4), pp. 273-282. Full
Text via CrossRef | View Record in Scopus | Cited By in Scopus (13)

Giannitrapani, 1985 D. Giannitrapani, The electrophysiology of intellectual functions, Kargere
Press, New York (1985).



http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib1
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6T3M-3XGFP6X-8&_user=1490772&_coverDate=09%2F01%2F1999&_fmt=full&_orig=search&_cdi=4950&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=579d975581bbea392e1ba616714edf47&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6T3M-3XGFP6X-8-5&_cdi=4950&_user=1490772&_pii=S0167876099000641&_check=y&_orig=search&_coverDate=09%2F01%2F1999&view=c&wchp=dGLbVzb-zSkWb&md5=37a619d2a2ce458ed926473b316ad964&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0032827319%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dd02c84bcdd5492384827a03eaa90eec9&_acct=C000053052&_version=1&_userid=1490772&md5=ce1a9833453b80ad8460a0155de7ee95
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0032827319%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dd02c84bcdd5492384827a03eaa90eec9&_acct=C000053052&_version=1&_userid=1490772&md5=ce1a9833453b80ad8460a0155de7ee95
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0032827319%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dd02c84bcdd5492384827a03eaa90eec9&_acct=C000053052&_version=1&_userid=1490772&md5=e2a3ecb4c6335099433b497a27410fd8
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib2
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-45CDMVN-3&_user=1490772&_coverDate=04%2F30%2F2002&_fmt=full&_orig=search&_cdi=6184&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=fa5767ec72870ff8944fb83c3598fbdd&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6VNP-45CDMVN-3-19&_cdi=6184&_user=1490772&_pii=S1388245702000366&_check=y&_orig=search&_coverDate=04%2F30%2F2002&view=c&wchp=dGLbVzb-zSkWb&md5=23b613bbb1e1dd598ca97a3d7d756b4d&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0036226976%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dffe8eae3847f1fc65b21ebef617fb189&_acct=C000053052&_version=1&_userid=1490772&md5=411ba1e2aa643bb2005ce368fdb88e1d
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0036226976%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dffe8eae3847f1fc65b21ebef617fb189&_acct=C000053052&_version=1&_userid=1490772&md5=411ba1e2aa643bb2005ce368fdb88e1d
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0036226976%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dffe8eae3847f1fc65b21ebef617fb189&_acct=C000053052&_version=1&_userid=1490772&md5=807f64e5d73d18c96982f3901cc7b296
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib3
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib4
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1007%252FBF00202899&_acct=C000053052&_version=1&_userid=1490772&md5=0b2e06912bb203eab38e9e31c1849b20
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0024255761%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D0e5c9a9e7d051d4ea189ab684ceb5905&_acct=C000053052&_version=1&_userid=1490772&md5=9d87a2d0ce28034c0173bc5b9bdc63bc
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0024255761%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D0e5c9a9e7d051d4ea189ab684ceb5905&_acct=C000053052&_version=1&_userid=1490772&md5=3d02c30849c47a5576e6273f46bf4607
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0024255761%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D0e5c9a9e7d051d4ea189ab684ceb5905&_acct=C000053052&_version=1&_userid=1490772&md5=3d02c30849c47a5576e6273f46bf4607
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib5
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1097%252F00004691-200307000-00007&_acct=C000053052&_version=1&_userid=1490772&md5=ef14db1e32a185f5c3d77ac582818f69
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1097%252F00004691-200307000-00007&_acct=C000053052&_version=1&_userid=1490772&md5=ef14db1e32a185f5c3d77ac582818f69
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0141960367%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D3dd03040853b4ff442df0d7cba38d091&_acct=C000053052&_version=1&_userid=1490772&md5=5ecd95d178b2246f2dd82e5c72d1f79e
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0141960367%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D3dd03040853b4ff442df0d7cba38d091&_acct=C000053052&_version=1&_userid=1490772&md5=df394387fdd12e354e313d4680018c04
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib6

Jausovec and Jausovec, 2000a N. Jausovec and K. Jausovec, Differences in resting EEG
related to ability, Brain Topogr 12 (2000) (3), pp. 229-240. Full Text via CrossRef | View
Record in Scopus | Cited By in Scopus (25)

Jausovec and Jausovec, 2000b N. Jausovec and K. Jausovec, Correlations between ERP
parameters and intelligence: a reconsideration, Biol Psychol 55 (2000) (2), pp. 137-154.

Article | PDF (732 K) | View Record in Scopus | Cited By in Scopus (39)

Jausovec and Jausovec, 2001 N. Jausovec and K. Jausovec, Differences in EEG current
density related to intelligence, Brain Res Cogn Brain Res 12 (2001) (1), pp. 55-60. Article |

PDF (123 K) | View Record in Scopus | Cited By in Scopus (23)

Jausovec and Jausovec, 2003 N. Jausovec and K. Jausovec, Spatiotemporal brain activity
related to intelligence: a low resolution brain electromagnetic tomography study, Brain Res

Cogn Brain Res 16 (2003) (2), pp. 267-272. Article | PDF (213 K) | View Record in
Scopus | Cited By in Scopus (15)

John, 1963 E.R. John, Mechanisms of memory, Academic Press, New York (1963).

John, 2002 E.R. John, The neurophysics of consciousness, Brain Res Rev 39 (2002) (1), pp.

1-28. Article | PDF (1904 K) | View Record in Scopus | Cited By in Scopus (77)

Kaiser and Sterman, 2001 D.A. Kaiser and M.B. Sterman, Automatic artifact detection,
overlapping windows and state transitions, J Neurother 4 (2001) (3), pp. 85-92. Full Text via
CrossRef

Klimesch et al., 2000 W. Klimesch, M. Doppelmayr, D. Rohm, D. Pollhuber and W. Stadler,
Simultaneous desychronization and synchronization of different alpha responses in the human
electroencephalograph: a neglected paradox?, Neurosci Lett 284 (2000) (1-2), pp. 97-100.

Article | PDF (206 K) | View Record in Scopus | Cited By in Scopus (57)

Klimesch et al., 2004 W. Klimesch, B. Schack, M. Schabus, M. Doppelmayr, M. Gruber and
R. Saunseng, Phase-locked alpha and theta oscillatins generate the P1-N1 complex and are

related to memory performance, Brain Res Cogn 19 (2004) (3), pp. 302—316. Article |
PDF (710 K) | View Record in Scopus | Cited By in Scopus (92)

Lutzenberger et al., 1992 W. Lutzenberger, N. Birbaumer, H. Flor, B. Rockstroh and T.
Elbert, Dimensional analysis of the human EEG and intelligence, Neurosci Lett 143 (1992)

(1-2), pp. 10-14. Abstract | PDF (1200 K) | View Record in Scopus | Cited By in Scopus
(75)

Marosi et al., 1999 E. Marosi, H. Rodriguez, T. Harmony, G. Yanez, M. Rodriquez, J. Bernal,
T. Fernandez, J. Silva, A. Reyes and V. Guerrero, Broad band spectral parameters correlated



http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib7
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1023%252FA%253A1023446024923&_acct=C000053052&_version=1&_userid=1490772&md5=3cac93bece9ebd8369c000e8d17bcbf8
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0342314572%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D561e7463463419d33e08e60bc9c767cf&_acct=C000053052&_version=1&_userid=1490772&md5=01dbf7e701c3cf314231f391ee8b31c8
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0342314572%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D561e7463463419d33e08e60bc9c767cf&_acct=C000053052&_version=1&_userid=1490772&md5=01dbf7e701c3cf314231f391ee8b31c8
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0342314572%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D561e7463463419d33e08e60bc9c767cf&_acct=C000053052&_version=1&_userid=1490772&md5=6b6499eb1326ea42310a4484f02f419f
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib8
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6T4T-41WJBMV-4&_user=1490772&_coverDate=12%2F31%2F2000&_fmt=full&_orig=search&_cdi=4983&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=b656e1cf14083010785f0c7ca7151569&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6T4T-41WJBMV-4-D&_cdi=4983&_user=1490772&_pii=S0301051100000764&_check=y&_orig=search&_coverDate=12%2F31%2F2000&view=c&wchp=dGLbVzb-zSkWb&md5=59ea0bce995d873f3ab231213b661d58&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0033665497%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Da7e9f283eb3b0ee31ae32078db542f4f&_acct=C000053052&_version=1&_userid=1490772&md5=2499003d0672534f510b3185b586acd2
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0033665497%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Da7e9f283eb3b0ee31ae32078db542f4f&_acct=C000053052&_version=1&_userid=1490772&md5=ab2b5fa5aa51c25cb56f5300beb51049
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib9
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6SYV-43MK444-F&_user=1490772&_coverDate=08%2F31%2F2001&_fmt=full&_orig=search&_cdi=4844&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=a27efcc93142b46cb1dd25888b0b7765&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6SYV-43MK444-F-8&_cdi=4844&_user=1490772&_pii=S0926641001000295&_check=y&_orig=search&_coverDate=08%2F31%2F2001&view=c&wchp=dGLbVzb-zSkWb&md5=b0f80aa2353d1092350a4a317c4a01e8&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0034903582%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D21b7f911249f09174861dbbfb49eeb1d&_acct=C000053052&_version=1&_userid=1490772&md5=0bae89531b48372e84231cdfc59ac7c7
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0034903582%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D21b7f911249f09174861dbbfb49eeb1d&_acct=C000053052&_version=1&_userid=1490772&md5=f3f69b8e862200d17b74c261e0fd7b74
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib10
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6SYV-47PPGNH-4&_user=1490772&_coverDate=04%2F30%2F2003&_fmt=full&_orig=search&_cdi=4844&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=1e61974a1e5e60b0a43c971998c583fd&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6SYV-47PPGNH-4-7&_cdi=4844&_user=1490772&_pii=S0926641002002823&_check=y&_orig=search&_coverDate=04%2F30%2F2003&view=c&wchp=dGLbVzb-zSkWb&md5=91c37dc32b6518ba01b12aaeabcb56b9&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0037382053%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D04c05bfac6bad56c9fd25037375222e9&_acct=C000053052&_version=1&_userid=1490772&md5=e803573cffff682704c0bb9249d03737
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0037382053%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D04c05bfac6bad56c9fd25037375222e9&_acct=C000053052&_version=1&_userid=1490772&md5=e803573cffff682704c0bb9249d03737
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0037382053%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D04c05bfac6bad56c9fd25037375222e9&_acct=C000053052&_version=1&_userid=1490772&md5=eefed131c96f971493ae82e5ef13e45f
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib12
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib13
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6SYS-45DFF15-1&_user=1490772&_coverDate=06%2F30%2F2002&_fmt=full&_orig=search&_cdi=4842&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=42456e59798ddbecb3d60a694e726edd&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6SYS-45DFF15-1-Y&_cdi=4842&_user=1490772&_pii=S016501730200142X&_check=y&_orig=search&_coverDate=06%2F30%2F2002&view=c&wchp=dGLbVzb-zSkWb&md5=6b59cfe3648e631ef771c41c9c24c4ad&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0036085778%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D6e678738bf75d8ae34ca2bfae961d8c2&_acct=C000053052&_version=1&_userid=1490772&md5=da21ce1b40d0632d7f273a5d330c0ddb
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0036085778%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D6e678738bf75d8ae34ca2bfae961d8c2&_acct=C000053052&_version=1&_userid=1490772&md5=6f6535ecbb2f81c98f950e7a323dee26
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib14
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1300%252FJ184v05n04_06&_acct=C000053052&_version=1&_userid=1490772&md5=960b045c9cebeff1a8517a2e63561f3f
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1300%252FJ184v05n04_06&_acct=C000053052&_version=1&_userid=1490772&md5=960b045c9cebeff1a8517a2e63561f3f
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib15
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6T0G-401HH9T-W&_user=1490772&_coverDate=04%2F21%2F2000&_fmt=full&_orig=search&_cdi=4862&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=f19cf46d3824e7bb67e77bd4e017b8ae&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6T0G-401HH9T-W-5&_cdi=4862&_user=1490772&_pii=S030439400000985X&_check=y&_orig=search&_coverDate=04%2F21%2F2000&view=c&wchp=dGLbVzb-zSkWb&md5=2ad7523e259d01cf57e099a9feeb2195&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0034697367%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D3ce23c66fc1b7ef97dd5cefe348ebd97&_acct=C000053052&_version=1&_userid=1490772&md5=f4703170674af751dcea8a0857ddefee
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0034697367%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D3ce23c66fc1b7ef97dd5cefe348ebd97&_acct=C000053052&_version=1&_userid=1490772&md5=5007d75d949829d688cbe3adc5a0885c
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib16
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6SYV-4BVRY8D-1&_user=1490772&_coverDate=05%2F31%2F2004&_fmt=full&_orig=search&_cdi=4844&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=40045f0891c403bfbcbbf35c457e2954&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6SYV-4BVRY8D-1-K&_cdi=4844&_user=1490772&_pii=S0926641004000308&_check=y&_orig=search&_coverDate=05%2F31%2F2004&view=c&wchp=dGLbVzb-zSkWb&md5=ba31cb5ea2ec76b0f4afeff6a9538cb8&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6SYV-4BVRY8D-1-K&_cdi=4844&_user=1490772&_pii=S0926641004000308&_check=y&_orig=search&_coverDate=05%2F31%2F2004&view=c&wchp=dGLbVzb-zSkWb&md5=ba31cb5ea2ec76b0f4afeff6a9538cb8&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-1942420795%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dd0b76a4724842b429e43527d846cfdf7&_acct=C000053052&_version=1&_userid=1490772&md5=cf3dae773e427154a47399135df5f509
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-1942420795%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dd0b76a4724842b429e43527d846cfdf7&_acct=C000053052&_version=1&_userid=1490772&md5=b251a1e61d1b350e93037e31f9f74c56
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib17
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6T0G-485RP1W-1VX&_user=1490772&_coverDate=08%2F31%2F1992&_fmt=abstract&_orig=search&_cdi=4862&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=c4c0c959372568c32d3827fad85841f6&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6T0G-485RP1W-1VX-1&_cdi=4862&_user=1490772&_pii=030439409290221R&_check=y&_orig=search&_coverDate=08%2F31%2F1992&view=c&wchp=dGLbVzb-zSkWb&md5=29903edef41136bc3affb391a7085b6d&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0026731094%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D2a9398d16445cb7e7f84f3f0d2f9161c&_acct=C000053052&_version=1&_userid=1490772&md5=9bbcd37c66cb76f9f38e6a5534d1031d
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0026731094%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D2a9398d16445cb7e7f84f3f0d2f9161c&_acct=C000053052&_version=1&_userid=1490772&md5=2330facbd1220305110d24edcee2c9ef
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0026731094%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D2a9398d16445cb7e7f84f3f0d2f9161c&_acct=C000053052&_version=1&_userid=1490772&md5=2330facbd1220305110d24edcee2c9ef
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib19

with different 1.Q. measurements, Int J Neurosci 97 (1999) (1-2), pp. 17-27. Full Text via
CrossRef | View Record in Scopus | Cited By in Scopus (12)

Martin-Loeches et al., 2001 M. Martin-Loeches, J. Munoz-Ruata, L. Martinez-Lebrusant and
G. Gomez-Jari, Electrophysiology and intelligence: the electrophysiology of intellectual
functions in intellectual disability, J Intellect Disabil Res 45 (2001) (1), pp. 63—75. Full Text
via CrossRef | View Record in Scopus | Cited By in Scopus (6)

Mizuhara et al., 2004 H. Mizuhara, L.Q. Wang, K. Kobayashi and Y. Yamaguchi, A long-
range cortical network emerging with theta oscillation in a mental task, NeuroReport 15
(2004) (8), pp. 1233-1238. View Record in Scopus | Cited By in Scopus (38)

Neubauer et al., 2004 A.C. Neubauer, R.H. Grabner, H.H. Freudenthaler, J.F. Beckmann and
J. Guthke, Intelligence and individual differences in becoming neurally efficient, Acta

Psychol (Amsterdam) 116 (2004) (1), pp. 55-74. Article | PDF (269 K) | View Record in
Scopus | Cited By in Scopus (36)

Norusis, 1994 M.J. Norusis, SPSS advanced statistics 6.1, SPSS, Inc., Chicago, IL (1994).

Nunez, 1981 P. Nunez, Electrical fields of the brain, Oxford University Press, New York
(1981).

Nunez, 1994 P. Nunez, Neocortical dynamics and human EEG rhythms, Oxford University
Press, New York (1994).

Otnes and Enochson, 1972 R.K. Otnes and L. Enochson, Digital time series analysis, Wiley,
New York (1972).

Posthuma et al., 2001 D. Posthuma, M.C. Neale, D.I. Boomsma and E.J. de Geus, Are smarter
brains running faster? Heritability of alpha peak frequency, 1Q, and their interrelation, Behav
Genet 31 (2001) (6), pp. 567-579. Full Text via CrossRef | View Record in Scopus | Cited By

in Scopus (35)

Press et al., 1994 W.H. Press, S.A. Teukolsky, W.T. Vettering and B.P. Flannery, Numerical
recipes in C, Cambridge University Press, Cambridge (1994).

Schmid et al., 2002 R.G. Schmid, W.S. Tirsch and H. Scherb, Correlation between spectral
EEG parameters and intelligence test variables in school-age children, Clin Neurophysiol 113

(2002) (10), pp. 1647-1656. Article | PDF (142 K) | View Record in Scopus | Cited By
in Scopus (17)

Silberstein et al., 2003 R.B. Silberstein, F. Danieli and P.L. Nunez, Fronto-parietal evoked
potential synchronization is increased during mental rotation, NeuroReport 14 (2003) (1), pp.
67—71. Full Text via CrossRef | View Record in Scopus | Cited By in Scopus (22)

Silberstein et al., 2004 R.B. Silberstein, J. Song, P.L. Nunez and W. Park, Dynamic sculpting
of brain functional connectivity is correlated with performance, Brain Topogr 16 (2004) (4),
pp. 249-254. View Record in Scopus | Cited By in Scopus (15)



http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.3109%252F00207459908994300&_acct=C000053052&_version=1&_userid=1490772&md5=0039da0bf7ac42e721639e6319e2c371
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.3109%252F00207459908994300&_acct=C000053052&_version=1&_userid=1490772&md5=0039da0bf7ac42e721639e6319e2c371
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0033103517%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D5ad264e499e7cc64274691536a1ae45e&_acct=C000053052&_version=1&_userid=1490772&md5=940e73368fee38b30faa7caf2043e82b
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0033103517%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D5ad264e499e7cc64274691536a1ae45e&_acct=C000053052&_version=1&_userid=1490772&md5=96303aa7fe4bd6313a635f328f42dd84
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib18
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1046%252Fj.1365-2788.2001.00292.x&_acct=C000053052&_version=1&_userid=1490772&md5=b887dbbcf4efce41bee2ea012fd451a7
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1046%252Fj.1365-2788.2001.00292.x&_acct=C000053052&_version=1&_userid=1490772&md5=b887dbbcf4efce41bee2ea012fd451a7
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0035132071%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D9c8bec49b6700061bfd1f5ab9f0ed855&_acct=C000053052&_version=1&_userid=1490772&md5=e3e8f8b81e2057ec1416cd6155cb0c1b
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0035132071%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D9c8bec49b6700061bfd1f5ab9f0ed855&_acct=C000053052&_version=1&_userid=1490772&md5=ffba3ed3db6a62fc02327810c17ac43b
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib20
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-2942597922%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Df36582f27ec8af83876710fccb7bbde6&_acct=C000053052&_version=1&_userid=1490772&md5=8ec3be339265a1f76168c241f5cfc02c
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-2942597922%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Df36582f27ec8af83876710fccb7bbde6&_acct=C000053052&_version=1&_userid=1490772&md5=968ec006813adcc356500f65563b3705
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib21
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6V5T-4BT1B3H-1&_user=1490772&_coverDate=05%2F31%2F2004&_fmt=full&_orig=search&_cdi=5795&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=9dce3d6779448d0866e0ac441f5d3def&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6V5T-4BT1B3H-1-1B&_cdi=5795&_user=1490772&_pii=S0001691803001227&_check=y&_orig=search&_coverDate=05%2F31%2F2004&view=c&wchp=dGLbVzb-zSkWb&md5=02105dbfe8ab6f19876a8b822a43a951&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-1942506794%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D4c014055556038f53951b10a7966d658&_acct=C000053052&_version=1&_userid=1490772&md5=db65340cd8092eb826fe4cc9a2b53b6a
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-1942506794%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D4c014055556038f53951b10a7966d658&_acct=C000053052&_version=1&_userid=1490772&md5=db65340cd8092eb826fe4cc9a2b53b6a
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-1942506794%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D4c014055556038f53951b10a7966d658&_acct=C000053052&_version=1&_userid=1490772&md5=5c893ad6d8d2e8df7f5abc207859c545
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib22
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib23
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib24
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib25
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib27
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1023%252FA%253A1013345411774&_acct=C000053052&_version=1&_userid=1490772&md5=b063aa46257878115828b8fef1021e3c
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0035703647%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D2b7f7dea8f3b85985ab9edb15c3777dc&_acct=C000053052&_version=1&_userid=1490772&md5=36580f6ce7f3c922ec45b28bb20ee43e
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0035703647%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D2b7f7dea8f3b85985ab9edb15c3777dc&_acct=C000053052&_version=1&_userid=1490772&md5=c23e0994a1b2899de136711e68ffd27a
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0035703647%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D2b7f7dea8f3b85985ab9edb15c3777dc&_acct=C000053052&_version=1&_userid=1490772&md5=c23e0994a1b2899de136711e68ffd27a
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib26
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib28
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-46T9D9B-K&_user=1490772&_coverDate=10%2F31%2F2002&_fmt=full&_orig=search&_cdi=6184&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=6f07bad5ee64fa55a36ad17c0022a1b4&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6VNP-46T9D9B-K-M&_cdi=6184&_user=1490772&_pii=S1388245702002122&_check=y&_orig=search&_coverDate=10%2F31%2F2002&view=c&wchp=dGLbVzb-zSkWb&md5=5d7185e17f24d384f7717e5b192a0f34&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0036801329%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dc9b56ac69c1cf21e484fb5ea3687fe78&_acct=C000053052&_version=1&_userid=1490772&md5=ab5c6f4ef3a1d58bfde437a577676c89
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0036801329%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dc9b56ac69c1cf21e484fb5ea3687fe78&_acct=C000053052&_version=1&_userid=1490772&md5=a2529e5093d85d6a095449080d77d13b
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0036801329%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dc9b56ac69c1cf21e484fb5ea3687fe78&_acct=C000053052&_version=1&_userid=1490772&md5=a2529e5093d85d6a095449080d77d13b
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib30
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1097%252F00001756-200301200-00013&_acct=C000053052&_version=1&_userid=1490772&md5=48719bfd79de33318b05ffa71c34af3c
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0037454941%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D92fce6e249f275993e376c473cc875ae&_acct=C000053052&_version=1&_userid=1490772&md5=89e8c7145a7ff6b1c0912c3a2dab72e6
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0037454941%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D92fce6e249f275993e376c473cc875ae&_acct=C000053052&_version=1&_userid=1490772&md5=990c60dec2fd3cb8865a1b27423b4e4e
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib29
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-3342978090%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D6d4896c0cc6acd52f9cf4456213a67dc&_acct=C000053052&_version=1&_userid=1490772&md5=24f9cb0bc7d8285b8a81654b4d1a5e71
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-3342978090%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D6d4896c0cc6acd52f9cf4456213a67dc&_acct=C000053052&_version=1&_userid=1490772&md5=885a137b264f2ead5a022c20a11431ae

SPSS, 1994 SPSS, Statistical software, Ver 6.1, SPSS Inc., Chicago, IL (1994).

Thatcher et al., 1983 R.W. Thatcher, R. McAlaster, M.L. Lester, R.L. Horst and D.S. Cantor,
Hemispheric EEG asymmetries related to cognitive functioning in children. In: A. Perecuman,
Editor, Cognitive processing in the right hemisphere, Academic Press, New York (1983).

Thatcher et al., 1986 R.W. Thatcher, P. Krause and M. Hrybyk, Corticocortical Association
Fibers and EEG Coherence: a two compartmental model electroencephalog, Clin

Neurophysiol 64 (1986), pp. 123-143. Abstract | PDF (1541 K) | View Record in Scopus
| Cited By in Scopus (242)

Thatcher et al., 2001 R.W. Thatcher, D. North, R. Curtin, R.A. Walker, C. Biver, J.F. Gomez
M and A. Salazar, An EEG severity index of traumatic brain injury, J Neuropsychiatry Clin
Neurosci 13 (2001) (1), pp. 77-87. Full Text via CrossRef | View Record in Scopus | Cited
By in Scopus (26)

Corresponding author. Address: EEG and Neurolmaging Laboratory, Bay Pines VA
Medical Center, Research and Development Service-151, 10000 Bay Pines Blvd., Bldge 23,
Room 117, Petersburg, Bay Pines, FL 33744, USA. Tel.: +1 727 244 0240; fax: +1 727 319
1027.

Clinical Neurophysiology
Volume 116, Issue 9, September 2005, Pages 2129-2141



http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib31
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib32
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib33
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6SYX-48302DN-241&_user=1490772&_coverDate=08%2F31%2F1986&_fmt=abstract&_orig=search&_cdi=4846&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=c163f094d0da524e7b07c3cb6501568f&ref=full
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=MiamiImageURL&_imagekey=B6SYX-48302DN-241-1&_cdi=4846&_user=1490772&_pii=0013469486901070&_check=y&_orig=search&_coverDate=08%2F31%2F1986&view=c&wchp=dGLbVzb-zSkWb&md5=a03ad502c6f856ef0c7c455a4d3a8be1&ie=/sdarticle.pdf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0022547727%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D196ab6861315d929bf4e8ad6c296ff8d&_acct=C000053052&_version=1&_userid=1490772&md5=3c0eecb9cc130b5c108208bf0f2aa48d
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0022547727%26partnerID%3D10%26rel%3DR3.0.0%26md5%3D196ab6861315d929bf4e8ad6c296ff8d&_acct=C000053052&_version=1&_userid=1490772&md5=6a141376c96c70d2cc2ca06f88ec8589
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=ArticleURL&_udi=B6VNP-4GPW3V0-1&_user=1490772&_coverDate=09%2F30%2F2005&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ff3c4eb0728530a88309c4a7a4aa0d2a#bbib34
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=3&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fdx.doi.org%2F10.1176%252Fappi.neuropsych.13.1.77&_acct=C000053052&_version=1&_userid=1490772&md5=59a139a39d9e439ea0b97238a880eeaf
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=655&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-0035125713%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dcfeff5b39cc6dc3e54c9e4c3171c6662&_acct=C000053052&_version=1&_userid=1490772&md5=5771108c0d762e747e262d776fa4e50d
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0035125713%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dcfeff5b39cc6dc3e54c9e4c3171c6662&_acct=C000053052&_version=1&_userid=1490772&md5=b3ff4160cd575d2fca82fffcbfbe73b5
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=RedirectURL&_method=outwardLink&_partnerName=656&_originPage=article&_zone=art_page&_targetURL=http%3A%2F%2Fwww.scopus.com%2Finward%2Fcitedby.url%3Feid%3D2-s2.0-0035125713%26partnerID%3D10%26rel%3DR3.0.0%26md5%3Dcfeff5b39cc6dc3e54c9e4c3171c6662&_acct=C000053052&_version=1&_userid=1490772&md5=b3ff4160cd575d2fca82fffcbfbe73b5
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science/journal/13882457
http://www.sciencedirect.com.ezproxy.is.cuni.cz/science?_ob=PublicationURL&_tockey=%23TOC%236184%232005%23998839990%23605913%23FLA%23&_cdi=6184&_pubType=J&view=c&_auth=y&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=c0f100cfd9ea6e1be465a941d9a3dc5f

