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Introduction:

NeuroStat is a program that provides statistical comparisons and descriptive
statistics of EEG samples saved as Individual NeuroGuide Analysis Files or *.NGA files.
NeuroStat also provides individual and group parametric statistical tests using the Key
Institute LORETA program. Individual comparison options are independent t-tests,
paired t-tests and ANOVA as well as absolute and percent differences. Individual
statistics are used for pre vs post treatment comparisons or differences between eyes
closed and eyes open, etc.

Group comparative statistics may require the use of NeuroBatch to produce a
NeuroGuide Group Analysis File or *.NGG file of the surface EEG Group paired t-tests
do not require the use of NeuroBatch and LORETA statistical analyses do not require
the use of NeuroBatch. Descriptive Group statistics include Means and Standard
Deviations and independent t-tests between Groups (does not assume equal variance or
sample sizes). Group statistics are used to compare different groups of subjects such
as 100 ADD children to 100 normal children, etc. Use NeuroBatch to create the *.NGG
files before using NeuroStat.
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Step 1 - Open Demo Lexicor NRS24 *.dat file
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3 One Way ANOVA (independent group statistics)

4 t test (two-tailed) (independent group statistics)

5 Paired t-test
Step 4 Repeat this Exercise by Comparing two different NeuroGuide Analysis Files
Step 5 - Save Results as Topographic Maps and Text
Step 6- Compute Group Statistics Using *.NGG files
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Step 8- 3 Dimensional LORETA: Individual Statistics
Step 9- 3 Dimensional LORETA: Group Statistics
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Step 11 - Appendix B: Equations and Statistics
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Step #1: In Demo Mode Hold the Left Mouse
Button and Click File>Open>Lexicor NRS24.

Return to Top

1a- Click FiIe>OEen>Lexicor>Lexicor NRS-24
=T I

R New, bertaos” Brport fpalyds eined | Wiede Hel
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Lo o |

1c- Enter identifying information and then Click O.K.
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Step #2: Create NeuroGuide Analysis File. (For

Demonstration Purposes Only)

Return to Top

2a Position the mouse and depress the left mouse button on the EEG
tracings at time = 0 and slide to the right to select the first 30

seconds of EEG (artifact is included and a blind selection of EEG is NOT
recommended in practice).
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2b Click Edit>Dynamic FFT> check Relative Power to view the power
spectra of your EEG edited selections.
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2c - Click Statistics>Create NeuroGuide Analysis File:
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2d - Name the First Comparison NeuroGuide Analysis File: Demo1 and click Save.

o
E;‘;f:" [C\EEG_CLINICAL REPORT EXCELP vEDATANDEMO\NELR =]
Lock irc | it DEMD =]« @
= Desnol HNGA

Fiensmm: - [Demol| | Load |

Flesclbype: | NewoGuds fnsysis Dulput [ NGA) | Cancel |

Step 3 - Compute Individual Statistics and Select Variables

Return to Top

3a - Click Statistics>Individual Statistics>Absolute Difference
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3b To test the statistics load the same file to compare it with itself. Load the first
NeuroGuide Analysis File created in Step # 2d to be Compared: Demo1.NGA, when
the window for File 2 appears then double click Demo1.NGA to compare the file with
itself.

Open NeuroGuide Analysis Output File 1 I8 ed |

Directary = \FEG_CLINICAL REPORTs EXCELXP.vZ\DATA\DEMONELR =

Hiztary:

Look in: | I DEMO x|+~ & B
=] Demal.NGA

=] Demoz.NGA

File name; |Demu:|‘| Load I
Files of type: INeurnGuide Analpsiz Output [*MNGA] ;I Cancel |

3c Select Analysis Options then Click O.K.:
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#% Analysis Options I x|

* Absolute Power

% Relative Power
& Power Ratio

(s Ampltude Asymetry
¢ [Coherence

8 Phase Lag

%  Standarid Frequency Bands
& 1 HzFrequency Bands

Corcel |

3d- Topographic Difference Maps Green means Zero difference

=10 x|
e
| Save ¥ C
Brink Tty Coleniboct Terak...
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Montage. LINKEARS Soloctalk 1. MNGA - SelectAS2 RGA
FFT Absolute Power Percent Difference (%)
Dels il O-35h1) Thets (4.0 . 7.5 Mx) Adpha (B0 - S20M) Bela (125. X500
-
| B

Step # 4 Repeat Step #3 by Comparing two different NeuroGuide
Analysis Files. Close the Statistics output window. Then depress the
left mouse button on the EEG tracings at 30 seconds and slide to add
the successive 30 seconds of EEG by select the first 60 seconds of
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continuous time (0 to 1 minute).

Return to Top

4a Click Statistics>Create NeuroGuide Analysis File and name the 60 second duration
NeuroGuide Analysis File: Demo2

Save MeuroGuide Analysis Output File As
sl emc B
Fiename:  [Demoz Save I
Save as type: |NewoGuids Analysis Dulput [ NGA) | Cancel. |

4b Click Statistics>Comparative Statistics>One Way ANOVA
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4c Double click the First NeuroGuide Analysis File Demo1
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Open NeuroGuide Analysis ODutput File 1 . e S

Diector [ \FEG_CLINICAL REPORT s EXCEL'XP.v2\DATA\DEMONELUR ¥

Histony
Look i | (2 DEMD ~| « & -

= Demal NGA
=9 Demoz NGA

File narme:; [Dahm Load I

g

Files of wpe: INeurnGuide Analysis Output (“NGA]

4d Double click the second NeuroGuide Analysis File Demo2

Open NeuroGuide Analysis Dutput File 2 1| i _ .ﬂﬂ

Dreclo) [ \FEG_CLINICAL REPORT s EXCEL'P v2\DATA\DEMONEUR ¥

Histony:
Look in: | DEMD ~| « @B

= Demot NGA
=) Demoz. NGA

Flenane:  [Benez [t |
Flesoftype:  [NeuoGuide Analpsis Output (NGA)  v]  Cancel |

4e Click O.K. to the Analysis Options Window and NeuroGuide will begin to compute the
statistics selected in step # 4b
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4f When NeuroGuide completes data processing an Analysis Output Window of P-Value of Differences of
FFT Absolute Power Bands will be displayed. White = no statistically significant difference at P < .06, Red
= P <.001 and P < .05 is Blue. This is a two-tailed P value and the direction of differences between Demo 1
and Demoz2 is seen by examining Absolute Differences. Blue is the fringe statistic between P < .05 and P

< .06.

Move the down arrow key or the page down key or click the right margin wiper to view other

comparative analyses.

e Enalysts Dutput Wardow -

e Ede
Montage: LUNKEARS Alamo NGA - TaidecDemo NEA
FFT Absolule Power ANOVA (P-Value)
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4g - Example of Coherence P- Values in the ANOVA of Demo 1 and Demo 2

hlontage: LORLE

Intrahemisghernic: LEFT

BELTA THETA ALPHA BETA
FRAFT GaaT [ [FzH R
FPAF3 0550 a0 [ 0,308
FPITE [ [ 0,703 FRES)
FPICE 0,852 G070 [RES] g.714
FELTS 0807 651 o6 0,808
FE1F3 LR 04 301 0
FP04 LR [ox] 2 .46
F?-F3 [ECF 0053 5T [
FR-Ta FXEE] o o FELE
FTLCE 0503 [ [0 0Es
F7TS =] GoIT &80 0105
PR 0307 0.008 0.608 BiA
FP09 8135 [ ) 0.721
F3T3 A [ a1 0634
F3C3 [ ECr] T8 td [l
F3-T5 DETS 120 ] 084
FEP3 0.6 0.5 0172 0.8
F301 0755 [T 05457 0358
THE3 ] 0000 G081 5000
374 ] 0,780 [l [
T2P3 0541 182 e 0003
T304 0530 AT4 ) ]
(=8 ] 0.555 173 ] [
C3F3 0552 o7 ] 0833
301 0,653 GET [FE 0.608
TEEE 0851 [RES [ 0278
T5O1 [R=] 0544 [ 0570
P01 L] .54 [ 1 0250

Interhemispheric: HOMOLOGOLUS PAIRS

DELTA THET#® ALFH& BETA
FRAFEZ o872 e LiE] 0.0%
Fifa @317 AT EF: 012
(= [ S5y 25 [
F3-Pq 0185 245 51 0.308

FFT Coherence ANOVA (P-Value)

Demol. NGA » Demo2 NGA

[ntrabemespheric: RIGHT

152
FP2FE
FF2.CA
FF2.T4
FPZP4
FPLTS
L 2o
Fa-Fg
Fara
Fa-Ta
Fafa
FaTE
(L3
Fi-C4
T4
-4
FE-TE
FE-002
S Td
kPl
Cate
Cain
TaFq
T4T8
TEOZ
FaTE
PR
Tl

F7-F8

14
T2-T8
o102

BELTA THRETA  RAPMA BETA
()] 0570 o880 0.3
9271 0200 0485 LA
0200 04858 [l 0823
0060 L] 0050 0 0
0. e 0.2 0008 [
0.8 0840 0.3 oz
o7 9.228 R [
035 0401 0,087 R
0070 0.760 0000 2791
0548 0337 O0EY 0.0
0270 0855 [k e 08sz
057 082 [T [EFE]
o928 9.654 G018 a8
[EFE] 0.5 QAT 2
087 0830 Q00T L]
0088 0.900 000 fid
0 0o 0.758 0,155 0.0
0381 0,508 0457 0.507
0352 oo O.BS5 000
0.063 0567 e LECE]
XD 0328 06T [Eril
0.37 0.7 341 0855 [EEE]
075 (£ 02T 0001
0018 0155 0402 0000
070 0,805 0.8 L]
0 o 0.2 0330 011z
0247 0423 0430 0.7
G001 R ] G410 .84

DELTA THETA ALFHS BETH
0.3 0.880 0.842 .84
01 e 0.304 L] [EE]
0.0 0.741 0794 0.8ar
054 0.780 0.313 Q.40

P-wzlus = 0.050

gl <= Q025

PValyy s D00

4h Example of EEG Phase P-Values in the ANOVA of Demo 1 vs Demo 2
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Montage: LOR-LE Dermol NGA - Demo? NGA

FFT Phase Lag ANOVA (P-Value)

Intrabugenigphene. LEFT Intratemisphenc RIGHT
DELTA  THETA  ALPHA BETA DELTA  THETA  ALPHA  BETA

FRLET [ 088 0128 [ETE] FE2F4 0408 0.458 0 RES £ A1
FRE-F3 [L=E] [T ] [ e Q.653 FPI-F@ 0500 DA% 0142 TS50
FP1-T3 0534 0o7? 0553 .53 FPC4 0A5E A7 0585 [Xred
FPL.CE 0200 ooaz D.E34 .55 FP2T4 o3 0.z20 0030 ;233
FPL.TS 0981 04878 200 070 FP2.P4 0651 O B 0060 0344
FPL.P2 .30 0427 0 B¥e 800 FALTE osr? 0Tes (R 0E0H
FPe.Ot 0402 0rae 0 5y 00as FE o [-LFA nre 0550 (R
FI-F3 Dore 0280 DED 052 Fafa [ 0343 0.048 [
FIT2 0378 0323 0,908 0.1z Faid 024z OB 0345 o
FRcE Cad 0132 0067 0083 FaTd OL15G o7aE 0840 0052
Fr.7e D288 [ [E) [F=r) Fapd 598 [ [F] (K]
FrPE [[RiL] 008 Lt 0080 P18 0500 L] [ [FEE]
Fr-O 0ar? 04901 30 0750 Fa0Z 0785 0473 0378 [
FA.TE FE 0413 e 0.170 FECd FEE oA 0.9 [T
Fa.CE CLO58 0.2dz 0R5 0.772 FET4 O 0TER [E (A
Fa 18 0. 0408 071 (T30 Fippa 0468 [ 0.0 [
Faed [Rr] 0274 0.578 [ Fi-T& 0,191 [T [ [1=F]
F308 [F] 098 0748 0555 Fi-Ox 078 0747 (=2 558
THC3 (e 02 [ QD13 caTa Q5 CUEES [ [
TS O 0,708 0147 [FE) Card DB5E FEH [FF] [
T3P 0801 0.205 £ [IH CaTH 0780 03 0872 050
T30 0. 139 XL 161 01584 =5 2] 0207 0500 [ [
C3TE 0, 5 [ S [FiE T34 [E0] [IFE] [XF] [T 1]
C3FE C5G1 T 0 0.457 T4TE oTa1 [ 0743 [
o301 D.04% 048 D877 .40 Ta02 0501 0194 0328 [
THER oiza [EE] [ 0264 P& 0,700 0590 0818 [TE]
TS0 LG 0028 [T 0,360 POz 0.4 0,17 [1-2] [z
Flon [ETLY [EEE] [ECF] [Cw] L2 155 0558 0805 [ 175

Interhemisphenc: HOMOLOGOUS PAIRS

DELTA  THETA  ALPHA __ BETA BELTA _ THETA  ALPHA _ BETA
FRU.FRZ 0580 0223 hES 0608 FT-F3 0580 0511 o701 =
FaFd CRin [ GZi5 [ TETE DS o0& o, il
caca 5.4 0338 [ 0082 T5T8 oREE G [RES e
=] [I-EH 0,137 ] a5y o102 (RS 0. a8 0.500 0343

F-Waige om QOG0 Puaiue om 0025 FeVatug &= 0090

4i Repeat Step #4 by selecting different statistics, e.g., Absolute Difference, Percent
Difference and t-tests. Save and examine and experiment with different EEG selections in
order to evaluate the sensitivity of different EEG selections. Save the Bitmaps and Text
Data as in Step # 5.

STEP # 5 Save Bitmaps and Text

Return to Top

5a Save Bitmap Images, Click File Save>Bitmaps and create a folder e.g., bdemo1-LE (e.g.,
bitmap demo1 linked ears), open this folder, name the files, e.g., LEmaps and then click
save:
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FFT Absolute Power Difference (U\ Sq)

Botn (10 3403 Erataisd. PoRn At B0 12 038

&ee

SMRIT0 1500 Beta 1 {150 4TS}

Qe

oy &

5b - Save Text or ASCII Data,. Click File>Save>Tab Delimited Text (e.g., ascii demo1 linked
ears) name file and then click save.

FFT Absolute Power Difference (U Sq)

Dotall B - 355 Tracta (401 - 7.5 HE) Alpha {E0- 130 B 125 - SOHD

) r— ] m [ =}
] ) 19 R ag AL

G (355 - X 0H) SME 120 15.0HD) Beta 1 [R50 1T 5Hx) Bels 2 (180 250H)

Elolels

Step # 6 - Compute Group Statistics After Creating NeuroGuide Group
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Analysis Files (*.NGG) using NeuroBatch

Return to Top

6a Click Analysis>Batch and read the NeuroBatch manual which gives the step by step
procedure to create Group Analysis Files *.NGG. NGG files are the input to the Group
Statistics component of NeuroStat where NeuroBatch is used to create the group means
and standard deviation values, etc. which are then utilized in NeuroStat.

NeuroStat imports the *.NGG files created by NeuroBatch and then computes the
group statistics and color topographic displays and tab delimited outputs. NeuroBatch is
required for NeuroStat group statistics only. Individual comparative statistics such as pre-
treatment vs. post-treatment comparisons in Steps 4 and 5 do not require NeuroBatch.

6b Click Statistics>Group Statistics>Descriptive>Standard Deviation

aditlal

Dighy Tmw 5

6c Click OK to the Analysis Option Window
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% Analysis Options |

@ Absolite Power

1% Felative Power

% Powet Aatic

& Cohersnce

% Phase Lag

f Standad Frequency Bands
& 1 Hz Frequency Bands

6d Double Click the Demo Group-1 NGG file and NeuroGuide will compute topographic
maps and numerical tab delimited outputs of the Standard deviations.

Open NeuroGuide Group Analysis File . 21

Directory ;
Histiu: I CAEEG_CLIMICAL FIEPUHT&EXEELW.V?\DATA\DEMD\NEUR:]

Look ir: | (=3 OUTPUT | « & cf B3

) Demol
1 Demo2
) Demo-Test3sec
Group-Testl.ngg
g| Group-TestZ.nag
ﬂ Group-Test3.ngg

Filename:  |Group-Testl I Load |
Files of ype: INeumGufdeGroupAna!:.ﬂshs I*.ngg) 3 Cancel |

6e Example of Standard Deviation Color Topographic Maps. The values are the EEG
values = 1 Standard Deviation.
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Maontage: LINKEARS

FFT Power Ratio Group Standard Deviation

Dl J Apha Defin ¢ Beto
(5

Group-Test3 ngg

6f To Compute Comparative Group Statistics Click Statistics>Group

Statistics>Comparative> Independent t-Tests
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6g - After clicking OK to the analysis option window Double Click on the 1st group *.NGG
file and then double click on the second *.NGG file in order to compute t-tests between the

two groups

Gpen MewroGuide Group Analysis File 1 == xlx

g:'“"n 7 |CAEEG_CLINICAL REPDRT s EXCELYP vADATA\DEMOWNEUR 7

Lok | 3 OUTPUT R A e

Dol
3 Demma?
2 Doermce Test S0sar
= Groug-Test1 fag
jﬁrmp-mﬂ ngg
= Greup-Testnag

Fierate  ["rgg Load I
Flesobype: [MeusoBuids Gioup Anshysis ) I

6h - Adjust the Scales of the Color Topographic Maps by clicking Report > Report
Options and then selecting Automatic Individual Scaling where the minimum and
maximum range is set for each individual map or Automatic Global Scaling where the min
and max are computed for all maps or Manual Scaling in which the user sets the min and

max.
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¥ Report Options

[RaW Scor | 2 Score | General |

Absolute Power Color Maps _

Scale within individual Maps | {8 Automatic Individual Scaling
Scale Maps Globally & Automatic Global Scaling
Scale Maps Manually &

Manual Global Scaling

Relative Power and Power Ratio Color Maps
(e Atomatic Individual Scaling

¢ Automatic Global Scaling

¢ Manual Global Scaling

FRL
’ R

Step # 7 Simultaneously Launch Two NeuroGuides and Compare

Return to Top

This procedure is valuable because a single mouse click can toggle between two

different EEG records and guide the creation of the NeuroGuide Analysis files *.NGA that
are of interest for comparison purposes.

7a In the Demo mode Launch NeuroGuide as in Steps 1 to 2a. After selecting all, then
resize the NeuroGuide edit window by clicking on the boundaries of the image and moving
your mouse so as to position Test No. 1 in the top half of the computer screen
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7b - Launch a Second NeuroGuide and repeat Steps 1 to 2 and Select All and resize the second
NeuroGuide to fit into the bottom or top half of the computer screen.

7c Toggle Between the Top and Bottom Window and Repeat Step # 2 to create different
NeuroGuide Analysis Files *.NGA and then select a individual comparative test.

lI- 3Dimensional LORETA: Individual Statistics

a- Launch NeuroGuide and open the Demo Lexicor NRS-24 file. Select the first 0 to 30
seconds and then click Statistics > LORETA Statistics > Create LORETA
Individual Analysis File (*.lia). Name the file as 0-30sec.lia and then save.
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Click Statistics » LORETA Statistics » LORETA File Options
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8b - Click Edit > Clear Selections and then depress the left mouse button and select EEG
starting at 10 seconds and continuous to 40 seconds. Then click Statistics >
LORETA Statistics > Create LORETA Individual Analysis File (*.lia). Name the
file as 10-40sec.lia and then save.

8c - Click Statistics > LORETA Statistics > Individual Statistics > Comparative > Percent
Difference. Double click 0-30sec.lia in the Open LORETA Individual Analysis File
1 window. Then Double click 10-40sec.lia in the Open LORETA Individual
Analysis File 2 window.
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LORETA Individual Statistics » Comparative » Percent Differences

Teaks i el vkl A i gl : e P i
T %m: Epgmeis: o G Sainias R "

s, PR BB T e s B e W -'"-"r.'l:- i o8 o N
rEe [ e o raaianmer [Y]
rreanli AL sl o Ly 4T Lrete LCRETA Dbl Aeafiprn Pl 0 =]
F - A= ! iy G LCEETA Grou Asin Pl (R4 11

Crples Tem 010 =] W =TT s (LT - S T TR T el Bk Rl - SELEANT |

8d - A Save LORETA Statistics window will open so that one can save the results of the
analysis in an ASCII *.lor format for purposes of importing into Excel or for use
with the Key Institute software, etc. For purposes of this tutorial click Cancel to
proceed to the computation of the statistic.

8e - After the Key Institute software is launched, click ScaleWin on the Key Institute menu
bar and position the color scale window in the lower left corner of the screen.
Then advance through the frequencies by clicking the Time Frame right arrow to
examine the percent differences between the o to 30 seconds of EEG versus the
period from 10 seconds to 40 seconds of the EEG. Note that the maximum
percent difference varies from about 30% at 1 Hz to about 9 % at 9 Hz.
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LORETA Key Institute Viewer of Percent Differences Between Two Individuals
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8f - Now click Statistics > LORETA Statistics > Individual Statistics > Comparative >
Paired t-test. Double click 0-30sec.lia in the Open LORETA Individual Analysis
File 1 window. Then Double click 10-400sec.lia in the Open LORETA Individual
Analysis File 2 window. Click cancel when the Save LORETA Statistics window

opens.
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LORETA Individual Statistics Comparative Statistics Independent & Paired T-Tests
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8g - After the Key Institute software is launched, click ScaleWin on the Key Institute menu
bar and position the color scale window in the lower left corner of the screen.
Move the Change Linearity wiper to the extreme right position or 100. For the
moment keep the Change Max wiper in the default middle position so that the
maximal probability values will be displayed. To evaluate statistical significance
move the change max wiper to 1.0 and check the Fix Maximum box. Note that the
Key Institute LORETA Viewer uses interpolation to color the MRI pixels which

results in values greater than the maximum probability value, i.e., 1.0.

Move the

mouse over the regions of interest and read the exact probability values in the
window at the bottom right of the viewer. Then click on the LORETA viewer that
was launched in step 8e and compare the t-test probability value with the regions
that had the highest percent differences in the first Viewer (step 8e). Advance
through the frequencies by clicking the Time Frame right arrow to compare the
two different statistics. Repeat step 8f by selecting a different statistic, such as
independent t-tests or ANOVA. Also, evaluate the descriptive statistic option by
clicking Statistics > LORETA Statistics > Individual Statistics > Descriptive to

evaluate single *.lia files.
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Examine P Values using a Paired T-Test — Eyes Closed vs Eyes Open
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lll - 3Dimensional LORETA: Group Statistics

9a - Launch NeuroGuide and open the Demo Lexicor NRS-24 file. Select the first 0 to 30
seconds and then click Statistics > LORETA Statistics > Create LORETA
Individual Analysis File (*.lia). Name the file as Beginnin1.lia and then save.

9b - Click Edit > Clear Selections and then depress the left mouse button and select EEG
starting at 10 seconds and continuous to 40 seconds. Then click Statistics >
LORETA Statistics > Create LORETA Individual Analysis File (*.lia). Name the
file as Beginning2.lia and then save.

9c - Click Edit > Clear All Selections and then click the End Key. Position the mouse on
the last EEG values and depress the left mouse button and select EEG starting at
3.48 seconds and move the mouse to the right and stop at 3:18 seconds. Then
click Statistics > LORETA Statistics > Create LORETA Individual Analysis File
(*.lia). Name the file as End1.la and then save.

9d - Click Statistics > LORETA Statistics > Create LORETA Group Analysis File (*.Iga). In
the LORETA Group Analysis File Creation window Click browse to browse to the
folder where the individual analysis files were saved (i.e., the *.lia files) and click
Done.

9e - In the LORETA Group Analysis File Creation window click the file Beginning1.lia and
click Add. Then click the file Beginning2.lia and click Add. Then Click O.K. In
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the Save LORETA Group Analysis Output File As name the Group file Beginning.lga.

9f - Now let us create the second group file. Click Statistics > LORETA Statistics >
Create LORETA Group Analysis File (*.Iga). In the LORETA Group Analysis File
Creation window Click browse to browse to the folder where the individual
analysis files were saved (i.e., the *.lia files) and click Done.

99 - In the LORETA Group Analysis File Creation window click the file End1.lia and click
Add. Then click the file End2.lia and click Add. Then Click O.K. In the Save
LORETA Group Analysis Output File As name the Group file End.lga.

9h - Click Statistics > LORETA Statistics > Statistics Options in order to select P values or
T values as well as the non-transformed raw values (squared source current
vectors (square root of the sum of squares of the x, y & z moments) or the square
root transformed raw values which will return source current values in units of

amperes/meter squared.

Click Statistics > LORETA Siatlistics > Statistics Optioins > Non-Transformed
Raw Values or Square Root Transformed Raw Values
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9i - Click Statistics > LORETA Statistics > Group Statistics > Comparative > Paired t-test.
Select by double clicking the file Beginning.lga, then double click on the file
End.lga. A Save LORETA Statistics window will open so that one can save the
results of the analysis in an ASCII *.lor format for purposes of importing into
Excel or for use with the Key Institute software, etc. For purposes of this
tutorial click Cancel to proceed to the computation of the statistic.
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9i - After the Key Institute software is launched, click ScaleWin on the Key Institute menu
bar and position the color scale window in the lower left corner of the screen.
Move the Change Linearity wiper to the extreme right position or 100. For the
moment keep the Change Max wiper in the default middle position so that the
maximal probability values will be displayed. To evaluate statistical significance
move the change max wiper to 1.0 and check the Fix Maximum box. Note that the
lor the MRI pixels which
Move the
probability values in the
window at the bottom right of the viewer. Advance through the frequencies by
clicking the Time Frame right arrow to compare the two different statistics.
Repeat step 9h by selecting a different statistic, such as independent t-tests.
Also, evaluate the descriptive statistic option by clicking Statistics > LORETA

Key Institute LORETA Viewer uses interpolation to co
results in values greater than the maximum probabilit
mouse over the regions of interest and read the exact

y value, i.e., 1.0.

Statistics > Group Statistics > Descriptive to evaluate single *.lga files.
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Examine T Values using a Paired T-Test — Eyes Closed vs Eyes Open
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Appendix A:

Return to Top

Computation of the auto-spectral and cross-spectral densities of the edited EEG selections

1-  The FFT parameters are: epoch =2 seconds at a sample rate of 128 sample/sec = 256
digital time points and a frequency range from 0.5 to 40 Hz at a resolution of 0.5 Hz using a
cosine taper window to minimize leakage. Each 2 second FFT is 81 rows (frequencies 0 to
40 Hz) X 19 columns (electrode locations) = 1,539 element cross-spectral matrix for each
subject.

2- In order to minimize the effects of windowing in the FFT (Kaiser and Sterman, J.
Neurotherapy, 4(3): 85-92, 2001) a EEG sliding average of the 256 point FFT cross-spectral
matrix was computed for each normal subjects edited EEG by advancing in 64 point steps
(75% overlap) and recomputing the FFT and continuing with the 64 point sliding window of
256 point FFT cross-spectrum for the entire edited EEG record. Each of the 81
frequencies for each 19 channels is log,, transformed to better approximate a normal

distribution. The total number of 2 second windows is the number that is entered into the
analysis of variance and t-tests and it is used to compute the degrees of freedom for a
given statistical test.

3- A mean, variance, standard deviation, sum of squares, and squared sum of the real
(cosine) and imaginary (sine) coefficients of the cross-spectral matrix is computed across
the sliding average of edited EEG for all 19 leads for the total number of 81 and 1,539 log
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transformed elements for each subject. This creates the following six basic spectral
measurement sets and their derivatives 1- Cross-Spectral Power (square root of the sums
of squares of the real and imaginary coefficients); 2- Auto-Spectral Power which is the
diagonal of the cross-spectral matrix where the imaginary coefficient = 0 and power = sine
square; 3- Coherence = square of the cross-spectrum divided by the product of the two
auto-spectra; 4- Phase = arctangent of the ratio of the real/imaginary components for
frequencies from 0.5 to 40 Hz,; 5- Real coefficients; 6 Imaginary coefficients.

4-  The results of the computations are stored in the NeuroGuide Analysis File,
designated as *.NGA. These results are used in the comparative statistical analyses when
one selects and opens the .NGA files in the menu operation of Statistics>Comparative
Statistics. Calibration of NeuroStat is by computing the statistics contained in the NRS-24
demo sample of EEG from an unidentified traumatic brain injured patient.

5-  The results of the LORETA computations from a single selection of EEG are stored in
a LORETA individual analysis file *.LIA. The .lia file contains all of the cross-spectral
values for each 2 second epoch so that the means and standard deviations, higher
statistical moments and sum of squares, etc. can be computed for each gray matter pixel
in the Montreal Neurological normative MRI. Details of the computation of the T matrix
and the J currents as the square root of the sum of the squares (x, y & z) is described in
Appendix F in the NeuroGuide manual. The mathematics for the LORETA statistics are
identical to the surface EEG statistics except there is a larger number of individual
comparisons (2,393) in comparison to the surface 19 channel situation.

6- This issue of multiple comparisons when using LORETA is best handled by the
statistics of "Planned Comparisons" or where one first creates hypotheses as to
frequencies and Brodmann areas before launching LORETA. For example, if the surface
EEG at F3 is > 2 standard deviations deviant from normal at 4 Hz, then the hypothesis prior
to launching LORETA is significant deviations from normal in left Broadmann areas 8 & 9
at 4 Hz. Bonferroni corrections (i.e., alpha/n) are blind exploratory adjustments and result
in large Type Il errors. Hypothesis testing is preferred over multiple comparison
adjustments.

Appendix B:

Equations
Return to Top

1-  Absolute Differences: Mean test 1 Mean Test 2 for 19 channels and 81 frequencies or
in the case of LORETA for 2,394 gray matter pixels from 1 to 30 Hz in 1 Hz increments
(by averaging 0.5 Hz bands).

';?zesrl - Xf'esﬂ +100
2-  Percent Differences: X, + %, , Where X bar = mean
3- Independent t test (Assuming Population Variance Not Equal) (from Winer, R.J.,

Statistical Principles in Experimental Design, McGraw-Hill, New York, 1962, p. 42 43):
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F= (1?1 — ‘?:4)_ (u’l —1',412)
Jsifn)+ (s /n, |, To test the hypothesis that u,-u, _ 0 against a two-tailed
alternative hypothesis P < .025.

4-  Paired t-test (from Winer, R.J., Statistical Principles in Experimental Design,
McGraw-Hill, New York, 1962, p. 44 46):

zg_(ul_uz)

Jsifn

t

, where d bar = the mean differences between test 1 and test 2 and s? is the variance
of the differences and n = number of FFT windows in test 1 + test 2.

5- One Way Analysis of Variance (from Hayes, W.J. Statistics for the Social Sciences,
Holt, Rinehart and Winston, Inc., New York, 1973, p. 473-475):

T S0, - M)

Sum of squares total (SS total) = 5

Z Z(y{; _M_;-')z

Sum of squares within (SS within) =5 4

T Ty M)

Sum of squares between (SS between) = 5 4

Where M = mean and j = number of groups to be compared, i.e., j = 2 and i = humber

of FFT windows in both test 1 and test 2. Degrees of freedom=J-1andi-2and F =
Mean square between groups/mean square within groups. Probability is computed

using the F based on 1 and i - 2 degrees of freedom.

6 - Repeated Measures Analysis of Variance (from Hayes, W.J. Statistics for the Social
Sciences, Holt, Rinehart and Winston, Inc., New York, 1973, p. 571-573):

ZEr) @I

Sum of squares between (SS between) = J nJ
> )
r_ 1 J
Sum of squares within (SS within) = Z,-“Zy"f J

@y CIn

Sum of squares between treatments = n nJ

SS residual SS within SS between treatments. J = number of groups (2) and n =
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number of FFT windows in both test 1 and test 2. The degrees of freedom are 1 and n
-2.

7-  Covariance, Correlation and R? (from Winer, R.J., Statistical Principles in
Experimental Design, McGraw-Hill, New York, 1962, p. 44 52

):
L=ny X (X)) and L,=#»2 X% - (%)
L,=n2 XiX%, - (3. %) X,) = Covariance

512
L., = Correlation

Fla =
2
¥

., = RZ or the percent variance shared by test 1 and test 2

All comments and feedback are welcome.

Contact us at qeeg@appliedneuroscience.com and tell us what you think.
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