EEG Data Files

We have used EEG to record brain activity associated to many different cognition tasks because of its high temporal resolution and because its spatial resolution has been improved by recent developments. In addition Multivariate Statistical Analysis provides very powerful tools for analysis of the recorded data. Data and results of some of these experiments are available in the following EEG_Data_Files:

a) EEG_Motivation: exploring understanding of motivation;

b) EEG_Stock_Market: exploring financial decision making;

c) EEG_Dilemma: exploring moral dilemma judgment;

d) EEG_Vote: exploring voting decision making, and
e) EEG_Marketing: exploring the understanding of media propaganda.

To help users to explore these EEG_Data_Files, the following is described in the subsequent sessions:

1) File structure: provides an overview of the distinct spreadsheets composing the files;
2) EEG data processing: describes the usual EEG data preprocessing and analyses used in our experiments and stored in the data spreadsheets;
3) Data analysis: describes how data on EEG_Data_Files were produced;
4) Using EEG_Data_Files: explaining how to set control parameters in spreadsheet Parametes, in order to specify cortical areas, band frequency oscillations and time window to be investigated and control data to be displayed in the different graphics of the output spreadsheets.
1 File Structure 

EEG_Data_Files available at http://www.eina.com.br/software/ are Excel books composed by a family of spreadsheets, each one containing data obtained in different experiments of the different studies carried out by our research group.


Each EEG_Data_Files is composed by the following spreadsheets:

a) Index spreadsheet: with information about the other spreadsheets;
b) Data spreadsheets: contain the data from the experiment:

b1) Averaged EEG: these spreadsheets contain the averaged EEGs as described bellow;
b2)  Amplitude Loreta sources: contains data obtained from LORETA for the averaged EEGs;

b3)  Band Loreta Sources: contains data from LORETA for Time Varying Cross Spectra;

c) Output spreadsheets: provide output data or graphics computed from experimental data in data spreadsheets 

c1) EEG components, 

c2) Source amplitude frequencies, 

c3) Amplitude source mappings, 

c4) Band sources frequencies, 

c5) Band sources mappings and 
c6) Sequence mappings (Previous and Post Sources frequency ).

d) Multivariate spreadsheets: contain data from Factor Analysis, Linear Discriminant Analysis and Logistic Regression Analisys.
e) Parameters that allows specifying sets of cortical areas and time window for specific analysis, to select specific band frequencies to be studied, as well as the robustness of such analysis.
f) Summary spreadsheets (Loreta, FA&LDA, Regression): combine graphic output of the above Output Spreadsheets to allow data cross correlation.
2 EEG data Processing

2.1 sLORETA

sLORETA uses measurements of scalp electric potential differences (EEG) or extracranial magnetic fields (MEG) to find the 3D distribution of the generating electric neuronal activity with exact zero error localization to point-test sources (Pasqual-Marqui, 2002). Here, sLORETA was used for localizing the possible EEG source generators
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 of each EEG epochs. The recorded EEG activity for each epoch was averaged for all volunteers and a grand average was computed for each scene.  Z score was calculated for each of the 512 points of these grand averages. Only those EEG moments with a Z score greater than 1.961 (5% of significance level) were selected for LORETA EEG source identification. LORETA software may provide more than one solution for each of these moments, but it orders these solutions according to its statistical methods. Here, the 3 best LORETA solutions were used for analysis.
2.2.1 Identifying Amplitude sources
Data from spreadsheets Averaged EEG are used to identify the possible electrical sources 
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 or sets of cortical neurons that contributed to generate the recorded electrical field
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 while volunteers were playing the game. For this purpose, data on these spreadsheets have to be exported as txt files.

Viewer/Explore window was selected and one txt file was loaded using FileExplorer function. This function was also used to load the file eletrodos.spinv with electrodes coordinates (extention spinv). In the sequence you provide information about of electrodes (20) and sample rate (256 Hz) and the windows in Figures 1 and 2 will be shown.

LORETA provides information about the Brodmann Area and the anatomical structure of each Identified Loreta Source (ILS), besides the X,Y,Z coordinates of the first and most important solution. But you may select up to 4 other alternative solutions, by specifying the number of Hits in the SlicerViewer (Figure 1) screen. Here, 3 hits were used.
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Figure 1– Loreta Window Showing Indentified Sources.
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Figure 2 – EEG/ERP Signals
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Figure 3 – Loreta output about the indentified sources ILS.

Moving the cursor over the EEG displayed in the EEG/ERP signals window makes the software to calculate the possible sources for the amplitudes marked by the cursor. It is possible to save information about the identified sources by selecting buttons track and append in SliceViewer window (Figure 2) and selecting either the clipboard or a file to save data. The format of the information you get is shown in Figure 3.

In this format, information provided by Loreta is not very useful and it is necessary to convert it, for example, to the format used in spreadsheets Amplitude loreta sources. The converter used here is in spreadsheet Loreta decoder. Loreta output (Figure 3) is pasted in column Loreta output and copy columns X to Lobe3 and past it on the corresponding spreadsheet Amplitude loreta source. The decoder spreadsheet is programmed to handle only 128 samples such that the process has to be repeated 4 times to cover EEG epochs of 512 samples as used in this book.  Columns BAi, Anatomyi and Lobei correspond to the 3 chosen Loreta solutions.

A code combining both BA number and anatomical location is presented in the spreadsheet Parameters. This code with 113 possible ILS locations was created with the results of using LORETA by our group to study EEG activity of more than 700 people making around 20000 decisions on different subjects (Arruda et al., 2008; Foz et al, 2002; Ribas et al, 2013; Rocha et al., 2005, 2010, 2013, 2014 and 2015). 

Spreadsheet Amplitude source frequencies show the frequencies of location of ILSs identified as first solution according to this code..

Graphics in spreadsheet Amplitude source mappings show the XYZ locations for ILSs associated with decision making. Superposition of graphics showing the left and right sagital views of the brain may shows that differences on ILS location between groups or decision phases studied.
2.1.2 Identifying Loreta Band Frequency sources

The recorded EEG time series may be decomposed into a set of  other senoidal time series as usually done using Fast Fourrier Transform, that decomposes the recorded EEG into a voltage by frequency spectral graph commonly called the "power spectrum", with power being the square of the EEG magnitude, and magnitude being the integral average of the amplitude of the EEG signal, measured from(+) peak-to-(-)peak), across the time sampled (e.g., Cohen, 1995).Typically, the EEG is decomposed into senoidal series within the following frequency bands:

· Delta band: comprising frequencies smaller than 4 Hz

· Theta band: comprising frequencies between 4 and 7 Hz

· Alpha band: comprising frequencies between 8 and 15 Hz

· Beta band: comprising frequencies between 16 and 25 Hz

· Gamma band: comprising frequencies above 25 Hz

although band boundaries may vary from author to author.

FFT is calculated for a given time window, that in general is set for the entire window of the studied EEG epoch. However, it is possible to use it for small windows. In this case, it possible to calculate what is called Time Varying Cross Spectra (TVSCR) by moving the window throughout the entire EEG epoch. There is no specific rule to determine the size of this window; here, its duration was set ad hoc to 50 ms.
Loreta allows you to calculate TVSCR and to locate the possible sources generating each studied frequency. To do this, you have first to calculate the TVSCR for the averaged EEG in the selected epoch.  In the present case, TVSCR was calculated using data on spreadsheets Averaged EEG. For such purpose, MainUtilities window was chosen and Time-varying cross-spectra function in this utility was selected. The following information is requested for TVSCR processing: the txt file containing the EEG data; number of electrodes (e.g. 20); number of sample points (e.g. 512); sampling rate (256 Hz); frequency boundaries of band to be studied (e.g., 0 to 64); window width (e.g., 50), and the name and the place to save file (extension tvcrss) that it is created to same results.

Here, ILSs were calculated for the following frequencies 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50 and 60, and data were sequentially pasted in spreadsheet Band frequencies mappings according to this sequence.

Spatial location of ILS computed for G1 and G2 are show in spreadsheet Source Band mappings and Summary Loreta for theta, delta, alpha, beta and gamma bands. 

Data about the Identified Loreta Sources are available at spreadsheets Loreta Sources in the EEG book.
2.2 Calculating the amount of information
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Correlation analysis of EEG activity 
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recorded by the different electrodes 
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 may be used to summarize information provided by each electrode
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 about all EEG sources
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 as proposed by Rocha et al. (2010; 2013). The rationality for this calculation is the following.

Since 
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is a weighted summation of the electrical currents generated by each 
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 weights determining the contribution of 
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[image: image23.wmf]l

i

w

,
[image: image24.wmf]l

j

w

are high, then source 
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, increasing the determination coefficient 
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whenever it is active. If two different sources
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approaches 1 or -1 if they are positively or inversely correlated. In this context, the determination coefficient 
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increases if 
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are synchronized and active. In contrast, if all sources that are influential upon
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In this line of reasoning, the highest uncertainty about the information provided by
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 approaches 0.5, and it is minimum when 
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 approaches 1. Because of this, the equivalence of information 
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 (Rocha et al, 2013).
In this context, if 
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 is equal to the mean information
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 provided by all other (19) electrodes
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did not reduce the uncertainty about 
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being involved in the task solution. In contrast, if 
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 approaches zero, then all fundamental sources 
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 for the activity recorded 
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are most likely involved in the task solution. In this line of reasoning, 
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calculated as (Rocha et al, 2004, 2005, 2010, 2011 and 2013)
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measures the information provided by the electrode 
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about all sources
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activated by a given cognitive activity.

2.3 Factor Analysis and 
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covariation
Factor Analysis (FA) is a statistical tool to investigate patterns of covariation in a large number of variables and to determine if information may be condensed into small sets of these variables called principal components. FA was used to study the covariation of 
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 calculated for studied EEG epochs. The first principal 
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 component is the one that accounts for as much of the variability in the data as possible, and each succeeding component 
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, in turn, explains the subsequent amount of variance possible under the constraint that is orthogonal to the preceding components (i.e., uncorrelated). FA brain mappings were constructed to describe the results of the factorial analyses. These brain mappings were constructed by taking into account the loading values 
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. There is no specific rule for selecting the variables that are significantly influential upon each
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based on their loadings. However, in general, it is acceptable to focus attention upon those variables with loadings greater than 0.6. This is because FA mappings here were built in color encoding electrodes as white if the loading was smaller than 0.6; otherwise, they were colored from green (loading 0.6) to dark blue (loading 1). FA mappings are proposed here to represent the activity of the neural circuits enrolled in a cognitive task because they condensed the information provided by the electrodes sampling this neural activity. This is due to the fact that
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measures the amount of information provided by 
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Data from FA analysis are available at spreadsheets FA or LA mappings.
2.4 Associating LORETA sources with FA patterns

EEG activity recorded by each electrode is a weighted sum of the electrical currents generated by all active cortical sources. Because of this, the sources 
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 nearest to a given electrode 
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 are the most influential upon the electrical field registered by this electrode. In addition, each FA pattern is defined by a set of electrodes having a loading factor greater than 0.6. In this line of reasoning, the nearest 
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defining a FA pattern, contribute most to their correlation strength 
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 and consequently to 
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covariance. Because of this, the
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nearest to the electrodes defining a FA pattern are mostly like to be the set of neurons interacting to support the cognitive task assigned to it. 
3 Data analysis
3.1 EEG Average and Grand Average.

The first step in this analysis is to average (
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) EEG data collected for the K decisions made by each experimental group, that is to say to average the values of 
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 acquired for each (n) of the G volunteers and each of his/her decision d, according to:
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(3)

The averaged EEG for each experimental group (e.g., groups G1 and G2 in chapter 8) or phase (e.g., phases F, A and D in chapter 9) are save in the Average EEG spreadsheets.
Another useful average is the so called Grand Average 
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 that is calculated by averaging electrode mean values calculated for each electrode according to
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Grand Averages are calculated in the spreadsheets Averaged EEG. The graphics of these Grand Averages are shown in the spreadsheets EEG components and Summary Loreta.

3.2 Identifying Amplitude Loreta sources

Data from spreadsheets Averaged EEG are used to identify the possible electrical sources 
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 or sets of cortical neurons that contributed to generate the recorded electrical field
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 while volunteers were playing the game. For this purpose, data on these spreadsheets have to be exported as txt files.

Viewer/Explore window was selected and one txt file was loaded using FileExplorer function. This function was also used to load the file eletrodos.spinv with electrodes coordinates. In the sequence you provide information about of electrodes (20) and sample rate (256 Hz) and the windows in Figures 1 and 2 will be shown.

LORETA provides information about the Brodmann Area and the anatomical structure of each ILS, besides the X,Y,Z coordinates of the first and most important solution. But you may select up to 4 other alternative solutions. by specifying the number of Hits in the SlicerViewer screen. Here, 3 hits were used.

Spreadsheet Amplitude source frequencies show the frequencies of location of ILSs identified as first solution according to this code..

Graphics in spreadsheet Summary Loreta show the XYZ locations for ILSs associated with decision making. Superposition of graphics showing the left and right sagittal views of the brain may shows that differences on ILS location between groups or decision phases studied

3.3 Identifying Band Loreta sources

Data from spreadsheets Averaged EEG are used to create TVCRS files of studying contribution of each band frequency to
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. Different SLOR files are created to be used to identify sources (ILS) generating each band frequency. These data are used by Loreta Viewer/Explorer window to identify sources (ILS) contributing to 
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 (see 2.1.1)
Spatial locations of computed Band sources are shown in spreadsheet Band Source mappings for theta, delta, alpha, beta and gamma bands. 

3.4 Multivariate analysis

EEG txt files containing acquired data 
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for each selected EEG epoch are used to calculate the amount of information 
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 that are saved in a xls file, where column are specified for each of the 20 used electrodes and lines contains 
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 calculated values for each selected epoch. Behavioral data have to be adequately merged to this xls file.
The entropy.xls file described above is used for Factor Analysis.

The results of these analyses have to be formatted to allow data to be pasted in the corresponding yellow areas of the spreadsheets Factor  mappings spreadsheet.

Factor analysis in general reveals 3 different patterns having eiggenvalues greater than 1 and explaining around 80% of 
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covariation (Foz et al, 2002; Rocha et al,  2010, 2013, 2014, 2015). The loading factors for the different electrodes range in the interval (0,1). There is no formal criterion to classify loading factors as significant or not. Here, Factor  mappings include electrodes having loadings greater than 0.5.

FA is used as either a prospective or retrospective tool. Initially, when there is no previous information about covariation of the studied variable, FA results are used as potential explanation about the studied phenomenon. As new studies continue to confirming previous results, FA becomes a tool for retrospective analysis and explanation it provides start to be used as confirmation of initial hypothesis about the studied phenomenon. This is the case of FA analysis about 
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covariation used in this book.

4 Using EEG_Data_Files
Selecting sub sets of cortical areas by defining their boundaries in spreadsheet Parameters; setting different time windows for analysis;   choosing specific or all brand frequencies to study, and/or changing statistical significance threshold (Table 1), it is possible to encode questions about how brain works in decision making. By interpreting results in the Summary and Output spreadsheets it is possible to obtain answers to these questions.

For example, setting different time windows it is possible to study correlation between ILS and EEG components. Setting specific boundaries to the different areas subsets it is possible to investigate relations between selected Brodmann areas and EEG components, Factor mappings. Chose a given band frequency it is possible to check its role in decision making. Changing the significance threshold it is possible to evaluate robustness of each of these results.

Table 1 – Parameter definition in spreadsheet Parameters
	Control Parameters

	Cortical areas

	area
	low
	upper
	To select cortical areas to be studied

	sub set 1
	60
	113
	Subset boundaries must be defined

	sub set 2
	 30
	 40
	in decreasing order or left empty.

	sub set 3
	 
	 
	

	Time window

	 
	low
	upper
	 
	
	Time window setting

	 
	-2000
	0
	flag
	-1
	to values in this line

	time window
	1550
	2000
	0
	
	to values in interval

	
	setting
	
	
	
	time interval

	EEG components
	
	
	

	w1a
	 
	 
	100
	300
	to select set to 1

	w1b
	 
	 
	300
	600
	otherwise let it empty

	w2
	 
	 
	600
	1000
	

	w3
	 
	 
	1000
	1300
	

	w4a
	 
	 
	1300
	1550
	

	w4b
	
	 
	1550
	2000
	

	 
	 
	 
	do not change values in yellow cells

	Robustness

	significance threshold

 
	2
	
	
	

	 Band Frequency

	frequencies
	 
	 
	

	interval
	2
	10753
	

	 
	setting
	 
	

	all
	1
	 
	To select set to 1 otherwise let it empty

	delta
	 
	 
	To select set to 1 otherwise let it empty

	theta
	 
	 
	

	alpha
	 
	 
	

	beta
	 
	 
	

	gamma
	 
	 
	


4. The use of EEG books

Data on EEG books are free for use, even to publish comments or discuss relations not covered in this book or in previous published papers but discovered by making questions as described above, if and only if the source of data is clearly acknowledged by statements like: 
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