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Quick Guide



GraphVar: A user-friendly toolbox for comprehensive graph analyses of
functional brain connectivity.

* features:

I.  Pipeline construction of graph networks

Il.  Calculation of network topological measures

lll. Generation of subject specific random networks

IV. (Partial) correlation analyses of network measures with user defined
variables

V. Perform group comparisons (t-test, ANOVA) on network measures

VI. Calculations on raw connectivity matrices (Network based statistics)
VIl. Parametric and non-parametric testing
VIII. Interactive and visual results exploration

* Kruschwitz, J.D1,2%, List, D. 1,2*, Waller, L. 2, Rubinov, M. 3, Walter, Hu.

*equal contribution

1 Charité Universitdatsmedizin, Berlin, Germany
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3 University of Cambridge, Cambridge, United Kingdom



Getting Started

Unzip in your preferred directory

Add to your Matlab path (Add Folder ...)

Start with the command ,,start_GraphVar“

Create a new workspace or try the ,SampleWorkspace” with the sample data

Requirements:

This current version runs under Windows and Linux
Matlab Statistics toolbox for statistical analyses (calculation and export of graph measures will work without)
If SPM is installed you may have to move the statistics toolbox to the top to prevent conflics



The Analysis Setup GUI



v N it

GraphVar

Please choose your Workspace

— Create a new workspace

Workspace name;

— Open an existing Workspace

Welcome



— General Settings

Brain regions files (xls) |BrainRegions.csv| | Select

File with Variables (xls) |Variah|es.c5v Hselect]

[ Select Subjects (Conn Matrix) ]

[ Create Connectivity Matrix ]

Subjects

CorrMatrix_sample_02.mat
CorrMatrix_sample_03.mat
CorrMatrix_sample_04.mat
Corriatric_sample_05.mat
Corriatric_sample_05.mat

Corriatrix_sample_07.mat
fad Ll aten 1, ng £3

Subjectname in Filename

| CorrMatrix_sample_01.mat ‘

Start: End (remaining characters): -
Parallel Workers: III

Save interim results

— Network Construction

— MNetwork Calculations

Calculate graph metrics

Threshold
() Significant @ Relative () Absolute () None
— Weights
|7I§I Mo Change () absolute weights () negative weights to zero

Brain graph metrics

Binary: Assortativity

Network nodes / Brain areas

Precentral gyrus (Left)
entral gyrus (Right)

Superior frontal gyrus, dorsolate|

uperior frontal gyrus, dorsolate|
Superior frontal gyrus, orbital pal
Superior frontal gyrus, orbital pal
Middle frental gyrus (Left)
Middle frontal gyrus (Right)

4 L 3

Network thresholds

: Betweenness centrality

. Clustering coefficient global

: Clustering coefficient local

. Characteristic path global

. Characteristic Path local

. Community structure Newman - affiliation
: Community structure Louvain - affiliation %
: Community structure Newman - modularity _

wemin el

4 1 s

=

Generate

randomized subject data
(null model network)

randmio_und
randmio_und_connected -

with
=

Binary || Weighted

Nermalize graph metric with random networks

Use random network to calc smallworldness

terations. Calculate variables and export

— Raw Matrix (link wise)

— Statistics.

Raw matrix rtoz

Cennectivity Thr.

Generate

random networks

random_shuffle
null_mode|_und_sigr

i »

009 with lterations
.ooa for each subject.
007 i

Weights.

01

(@ Mo Change

() negative weights to zero

() absolute weights

2artial correlation (

() correlation ) group comparison

Wariables to correlate with Covariables
P - | aoc S
SEX EE

research_site research_site

12 Q

eating_contest_chilli
beer_pong_score
fantasy_score

eating_contest_chilli
beer_pong_score
fantasy_score

- -

Test against shuffled data  Mumber of repetitions -
Test against random networks (graph metrics)

Test against random networks (raw matrix)

Switch Workspace

I[ Open Previous Results I ’ Load interim results

| Statistics with already calculated values ‘ ’ Calculate & Statistics ]

Setup panel




I
'i‘;.u GraphVar - SampleWorkspace @ﬂu

General Settings

File with Variables (xis)

Brain regions files (xis)  BrainRegions.csv

Network Construction

Metwork Calculations

| Select Subjects (Conn Matri) |

r
Input: -
Pipeline network
—> construction
(incl. null-model networks)
Node 1 | Node 2| Node 3 | Node n
d | d| & | d
P el 2| e
= = = = ..
8 2 2 8 Use raw connectivity
gl Bl E| B matrices
FIF|F[F 3 (generate null-model
networks)
and
Subject data
(e.g. clinical data)
e o
g 008

007

Threshold
() Significant (@ Relative (C) Absolute () None Calculate graph metrics
Variables.csv Select ) ioht=
- _nght_ - - Brain graph metrics
@ Mo Change () absolute weights () negative weights to zero
q Network nodes / Brain areas Network thresholds

Calculate network

Binary: Betweenness centrality |:|

Export graph metrics

Graﬁh_Var oz

Weights.

i@ NoChange () absolute weights

() negative weights to zero

—_ topological measures 3 to spreadsheet
(incl. normalization) (csvixlsx)
Statistical analyses Interactive results
artial) correlation exploration
%’ (p E] )
t-tests, ANOVA > (incl. network based
with clinical data statistics)
with | 1 | Herations
for each subject.
[7] Test against shuffled data ~ Mumber of repetitions 1
|:| Test against random networks (graph metrics)
|:| Test against random networks (raw matrix)

Switch Workspace

I[ Open Previous Results I ’ Load interim results

Statistics with already calculated values

Calculate & Statistics

Workflows



ﬁ!:- GraphVar - SamiJIEW(:H.S dﬂu

— BGeneral Settings — Metwork Construction — Metwork Calculations
- - Threshold
Brain regions fies (xls) |Brainfegions.csv | Select F:ﬁ- Significant @ Relative () Absolte () None Calculate graph metrics
File with Variables (xls} |Variah|es.c5v | Select ) iahts
’ ] _nght_ - - Brain graph metrics
@ Mo Change () absolute weights () negative weights to zero
| Select Subjects (Conn Matri) | | Binary: Assoriativity
Metwork nodes / Brain areas Metwork thresholds Bingry: Betweenness centrali |
[ Create Connectivity Matrix ] Bind Clustering coefficient
Dracantral mrie @ af [ | i o

stering coefficient |
acteristic path glo
eristic Path lod
unity structure

Calculate and export graph metrics
— e e ormmunity structure

CorrMatrix_sample_04.mat Superior frontal gyrus, orl Z i ? Community structure
Corriatric_sample_05.mat Middle frental gyrus (Left)
Corriatric_sample_05.mat Middle frontal gyrus (Right)

CorrMatrix_sample_07.mat ] L 018 -

Corcellober o 0T +

: R with
Subjectname in Filename Generate L i - Use random network to
| CorrMatrix_sample_01.mat ‘ randmio_nd B !

randomized subject data | 3ndmio_und_connected -
Calculate variables

Nermalize graph metric wi

{null model network) tterations.
Start: End (remaining characters): Binary || Weighted

Caorr Matrix Array — Raw Matrix (link wise) — Statistics.

7 R - - — ] FE—
Save interim results Parallel Workers: III A matrbe rtoz (L) correlation partial correlation
Connectivity Thr. Variables to correlate with Covariables

SEX
research_site

7| @ cenerate PO - |
1Q

045 random networks FEX
04 I
eating_contes

research_site
Statistics on raw matrix beer_pong_sd

fantasy B
015 B
01

:IJEIB with lterations

= gg? for each subject.
. - & i
Graph Var o
Weights [7] Test against shuffled data  Number of repetitions

@ MNo Change () absolute weights Test against random networks (graph metrics)
() negative weights to zero

sol™wW ydeas yiim saiisiels

Test against random networks (raw matrix)

| Statistics with already calculated values | ’ Calculate & Statistics ]

Workflows

Switch Workspace I[ Open Previous Results I ’ Load interim results




ﬁ!:- GraphVar - SampleWorkspa

— General Settings

Brain regions files (xls) |BrainRegions.csv| | Select

File with Variables (xls) |Variah|es.c5v “Select]

[ Select Subjects (Conn Matrix) ]

[ Create Connectivity Matrix ]

Subjects

CorrMatrix_sample_02.mat
CorrMatrix_sample_03.mat
CorrMatrix_sample_04.mat
Corriatric_sample_05.mat
Corriatric_sample_05.mat

Corriatrix_sample_07.mat
fad Ll aten 1, ng £3

Subjectname in Filename

| CorrMatrix_sample_01.mat ‘

Start: End (remaining characters): -
Parallel Workers: III

Save interim results

— Network Construction

— MNetwork Calculations

Calculate graph metrics

Threshold
() Significant @ Relative () Absolute () None
— Weights
|7I§I Mo Change () absolute weights () negative weights to zero

Brain graph metrics

Binary: Assortativity

Network nodes / Brain areas

Precentral gyrus (Left)
entral gyrus (Right)
Superior frontal gyrus, dorsolate|
uperior frontal gyrus, dorsolate|

Superior frontal gyrus, orbital pal
Superior frontal gyrus, orbital pal
Middle frental gyrus (Left)
Middle frontal gyrus (Right)

4 I 3

Network thresholds

: Betweenness centrality

. Clustering coefficient global

: Clustering coefficient local

. Characteristic path global

. Characteristic Path local

. Community structure Newman - affiliation
: Community structure Louvain - affiliation %
: Community structure Newman - modularity _

wemin el

4 1 s

=

Generate

randomized subject data
(null model network)

randmio_und
randmio_und_connected -

with
=

Binary || Weighted

Nermalize graph metric with random networks

Use random network to calc smallworldness

terations. Calculate variables and export

— Raw Matrix (link wise)

— Statistics.

Raw matrix rtoz

Cennectivity Thr.

Generate

random networks

random_shuffle
null_mode|_und_sigr

i »

009 with lterations
.ooa for each subject.
007 i

Weights.

01

(@ Mo Change

() negative weights to zero

() absolute weights

2artial correlation (

() correlation ) group comparison

Wariables to correlate with Covariables
P - | aoc S
SEX EE

research_site research_site

12 Q

eating_contest_chilli
beer_pong_score
fantasy_score

eating_contest_chilli
beer_pong_score
fantasy_score

- -

Test against shuffled data  Mumber of repetitions -
Test against random networks (graph metrics)

Test against random networks (raw matrix)

Switch Workspace

I[ Open Previous Results I ’ Load interim results

| Statistics with already calculated values | ’ Calculate & Statistics ]

Setup panel (mouse over help)




= I
 GraphVar - SampleWorkspace Elélg

— General Settings
Brain regions files (xls) | BrainRegions.csv
File with Variables (xls}

Variables.cav Select

| Select Subjects (Conn Matri) |

[ Create Connectivity Matrix ]
Subjects

e

CorrMatrix_sample_02.mat
CorrMatrix_sample_03.mat
CorrMatrix_sample_04.mat
Corriatric_sample_05.mat
Corriatric_sample_05.mat

Corriatrix_sample_07.mat
fad Ll aten 1, ng £3

Subjectname in Filename

CorrMatrix_sample_01.mat

Start: | 12 | End (remaining characters). | 4

Corr Matr

Save interi

Calculate graph metrics

Threshold
() Significant @ Relative () Absolute () None
— Weights
rél Mo Change () absolute weights () negative weights to zero

Brain graph metrics

Network nodes / Brain areas MNetwork thresholds

Precentral gyrus (Left)
Precentral gyrug (Right)
Superior frontal gyrus, dorsolate
Superior frontal gyrus, dorsolate
Superior frontal gyrus, orbital pa
Superior frontal gyrus, orbital pa
Middle frental gyrus (Left)
Middle frontal gyrus (Right)

: Betweenness centrality
Binary: Clustering coefficient global
Binary: Clustering coefficient local
Binary: Characteristic path global
Binary: Characteristic Path local
Binary: Community structure Newman - affiliation
Binary: Community structure Louvain - affiliation %
Binary: Community structure Newman - modularity
Dimarme MCammeruinde nbratireas | aimenin raadilard e
] Tl 3

Generate 1

randomized subject data
(null model network)

randmio_und
randmio_und_connected -

Binary || Weighted

.04

035 . random_shuffle

03 null_madel_und_sigr
025

.02
015
01
.00%
008
.007

ong

Weights.

with | 1 | terations

for each subject.

i@ NoChange () absolute weights

() negative weights to zero

terations.

|:| Nermalize graph metric with random networks

|:| Use random network to calc smallworldness

Calculate variables and export I

Underlying codes from the Brain Connectivity Toolbox (Rubinov and Sporns, 2010)

research_site
[n]
eating_contest_chilli
beer_pong_score
fantasy_score

research_site
(]
eating_contest_chilli
beer_pong_score
fantasy_score

[7] Test against shuffled data ~ Mumber of repetitions 1
|:| Test against random networks (graph metrics)

|:| Test against random networks (raw matrix)

Switch Workspace

I[ Open Previous Results

’ Load interim results

Statistics with already calculated values

Calculate & Statistics

Setup panel




— General Settings

Brain regions files (xls) |BrainRegions.csv| | Select

File with Variables (xls) |Variah|es.c5v “Select]

[ Select Subjects (Conn Matrix) ]

[ Create Connectivity Matrix ]

Subjects

CorrMatrix_sample_02.mat
CorrMatrix_sample_03.mat
CorrMatrix_sample_04.mat
Corriatric_sample_05.mat
Corriatric_sample_05.mat

Corriatrix_sample_07.mat
fad Ll aten 1, ng £3

Subjectname in Filename

| CorrMatrix_sample_01.mat

Start: End (remaining characters): -
Parallel Workers: III

=y

Corr Matrix Array

Save interim results

— Network Construction

ﬁ!:- 'Graph\r'ar - SampleWorks dﬂu

— MNetwork Calculations

Calculate graph metrics

Threshold
() Significant @ Relative () Absolute () None
— Weights
rél Mo Change () absolute weights () negative weights to zero

Brain graph metrics

Binary: Assortativity

Network nodes / Brain areas

Precentral gyrus (Left)
entral gyrus (Right)
Superior frontal gyrus, dorsolate|
uperior frontal gyrus, dorsolate|

Superior frontal gyrus, orbital pal
Superior frontal gyrus, orbital pal
Middle frental gyrus (Left)
Middle frontal gyrus (Right)

4 I 3

Network thresholds

: Betweenness centrality

. Clustering coefficient global

: Clustering coefficient local

. Characteristic path global

. Characteristic Path local

. Community structure Newman - affiliation
: Community structure Louvain - affiliation %
: Community structure Newman - modularity _

wemin el

4 1 s

=

Generate

randomized subject data
(null model network)

randmio_und
randmio_und_connected -

with
=

Binary || Weighted

|:| Nermalize graph metric with random networks

|:| Use random network to calc smallworldness

terations. Calculate variables and export

— Raw Matrix (link wise)

— Statistics.

Raw matrix [ rtoz

[7] connectivity Thr.

Generate

random networks

random_shuffle
null_mode|_und_sigr

i »

009 with lterations
.ooa for each subject.
007 i

Weights.

01

@ Mo Change

() negative weights to zero

() absolute weights

2artial correlation (

() correlation ) group comparison

Wariables to correlate with Covariables
P - | aoc S
SEX EE

research_site research_site

12 Q

eating_contest_chilli
beer_pong_score
fantasy_score

eating_contest_chilli
beer_pong_score
fantasy_score

- -

[7] Test against shuffled data ~ Mumber of repetitions -

|:| Test against random networks (graph metrics)

|:| Test against random networks (raw matrix)

[ Switch Workspace

I[ Open Previous Results I ’ Load interim results

| Statistics with already calculated values | ’ Calculate & Statistics ]

Parallel Computing (with toolbox)




ﬁ!:- GraphVar - SamiJIEW(:H.S dﬂu

— BGeneral Settings Network Construction — Metwork Calculations

- - Threshold
Brain regions fies (xis) |BrainRegions.csv| | Selsct F:ﬁ- Significant (@ Relative () Absolte () None Calculate graph metrics
File with Variables (xls) |Var|ah|es.c5v | [ setect | Weights e araph metrcs
|7I§I Mo Change () absolute weights () negative weights to zero
| Select Subjects (Conn Matri) | | Binary: Assoriativity
Network nodes / Brain areas Binary: Betweenness centrality
[ Create Connectivity Matrix ] Network threshelds Binary: Clustering coefficient global D
Subjects Precentral gyrus (Left) Binary: Clustering coefficient local
entral gyrus ) . Binary: Characteristic path global
Superior frontal gyrus, dorsolate| . Binary: Characteristic Path local
CorrMatrix_sample_02.mat uperior frontal gyrus, dorsolate| . Binary: Community structure Newman - affiliation
CorrMatrix_sample_03.mat Superior frontal gyrus, orbital pa . Binary: Community structure Louvain - affiliation
CorrMatrix_sample_04.mat Superior frontal gyrus, orbital pal . Binary: Community structure Newman - modularity _
Corriatrix_sample_05.mat Middle frontal gyrus (Left) . Dinon. Pomemen the ntmenbien | nanenin_modiodocih.
Corriatrix_sample_06.mat Middle frontal gyrus (Right) X 4 LI (3
Corriatrix_sample_07.mat X -

Carcklobe lo AP oot Normalize graph metric with random networks

: R with
Subjectname in Filename ¥
e Generate " :l. Use random network to calc smallworlidness
randmio_und

| CorrMatric_sample_01.mat ‘ randomized subject data | randmio_und connected

(null mode! network) ETITI Calculate variables and export
Start: End (remaining characters): -

Binary || Weighted

Caorr Matrix Array — Raw Matrix (link wise) — Statistics.

7] Raw matri F ®, i
Save interim results Parallel Workers: III Awe matrix rtoz () correlation
Connectivity Thr. Variables to correlate with Covariables

2artial correlation (

) group comparison

Generate _ age -
random networks SEX 6
research_site research_site
random_shuffle [} 103
null_mode|_und_sigr eating_contest_chilli eating_contest_chill
beer_pong_score beer_pong_score
fantasy_score fantasy_score
: o] »
01
0o with lterations
.noa for each subject.
007 il - e
noc
Weights

Test against shuffled data  Mumber of repetitions -

@) No Change () absolute weights Test against random networks (graph metrics)

o CEEEEEL IS D EEE Test against random networks (raw matrix)

Switch Workspace I[ Open Previous Results I ’ Load interim results | Statistics with already calculated values | ’ Calculate & Statistics ]

General settings




General Settings

Brain regions files (xls) |BrainRegions.csv| | Select

File with Variables (xls) |Variah|es.c5v |[5e|ect]

CorrMatrix_sample_02.mat perior
CorrMatrix_sample_03.mat perior
CorrMatrix_sample_04.mat perior
Corriatric_sample_05.mat ddle fro
CorrMatrix_sample_06.mat ddle fro

Corriatrix_sample_07.mat
fad Ll aten 1, ng £3

Subjectname in Filename

CorrMatrix_sample_01.mat randomizs
(null mods

End (remaining characters):

| R
Save interim results ParallelWDrkers:lII =

01
009
008
007

Graph Var

Weights.

Test against shuffled data  Mumber of repetitions

) No Change () absolute weights

Test against random networks (graph metrics)
() negative weights to zero

Test against random networks (raw matrix)

Switch Workspace I[ Open Previous Results I ’ Load interim results | Statistics with already calculated values ‘ ’ Calculate & Statistics ]

Load (existing) Connectivity Matrices



-
~ GraphVar - SampleWorkspace :

— General Settings

— Network

Brain regions files (xlz) |BrainResions.csv| | Select

File with Variables (xls) |Variables.cs-v |[5e|ec¢]

Select Subjects (Conn Matrix)

Subjects

CorrMatrix_sample_02.mat El
CorrMatrix_sample_03.mat
Corriatric_sample_04.mat
Corriatric_sample_05.mat
Corriatrix_sample_05.mat
Corriatriz_sample_07.mat

Corriiatrie camnla 02 mat

Subjectname in Filename

‘ CorriMatri<_sample_01.mat ‘

Start: End (remaining characters): IIl
Parallel Workers: II'

Save interim resutts

— Raw Mat

Partial correlation (contrel for nodes)
Spearman correlation
Percentage bend correlation
Mutual information
Create random time series

() Randomize @ Shuffle

Number of random series

l Generate Conn Matrix (default: Pearson) l

.5

Thres
© sig

Individual nodal time courses

Weigh

Superior 1
Superior 1
Middle fro
Middle fro

[« L]

Gener.

randomizg
(null mode

Node 2| Node 3

Raw

Time course...
Time course...
Time course...
Time course...

.
009
008

007 E - -
ANE
Weights Test against randem data Mumber of repetitions III

@ Mo Change () absolute weights

(7 negative weights to zero

Test against randem networks (graph metrics)

Test against random networks (raw matrix)

[ Switch Workspace

][ Open Previous Resulis

[ Load interim results l ‘ Statistics with already calculated values “ Calculate & Statistics l

Generate Connectivity Matrices



General Settings

I Brain regions files (xls)

il
Select

Network
Thres

) Sig

ﬁ!:- 'Graph\r'ar - SampleWorks dﬂu

(@9~ =

Brain.xlsx - Microsoft Excel

o B OER

5]

Start | Einfiigen Seitenlayout Formeln Daten Uberprifen  Ansicht & e o B OER

File with Variables (xls) |Variables.csv ~ Weigt _
_ . ’:@ . & Calibri -1 - = o, & Ej T - A4r-
| Select Subjects (Conn Matri) | .-_ " By~ F X U- A A | @ . -
[ Greate Connectivity Matrx ] Einflgen y Aye A Ausrichtung| Zahl | Formatvarlagen| Zellen 2
Subjects " — —
- Zwischenabl... = Schriftart ] EBearbeiten
CorrMatrix_sample_02.mat s
CorrMatric_sample_03.mat @ E22 - |5 Jx | M
CorrMatrix_sample_04.mat
CorrMatric_sample_05.mat Fi B C _
Corriatric_sample_05.mat
CorrMatrix_sample_07.mat i 1 1 Precentral_L Precentral gyrus (Left)]
Srrernrre TR cenell 2 1 Precentral R Precentral gyrus (Right)
| CorrMatrix_sample_01.mat ‘ randomiz]| 3 1 Frontal Sup L Superior frontal gyrus, dorsolateral {Left)
(null mod . .
St A s 4 1 Frontal Sup R Superior frontal gyrus, dorsclateral (Right)
3 1 Frontal Sup Crb L Superior frontal gyrus, orbital part (Left)
i Corriatre — Raw M
corr Hambc Aray i WR 1l & 1 Frontal Sup Orb R Superior frontal gyrus, orbital part {Right)
av
Saveinterimresuts  Paraliel w“”‘er"’:III — 7 1 Frontal_Mid_L Middle frontal gyrus (Left)
on
_ 8 1 Frontal _Mid R Middle frontal gyrus (Right)
05 || 9 1 Frontal_Mid_Orb_L niddle frontal gyrus orbital part (Left)
3; 10 1 Frontal_Mid _Orb R Middle frontal gyrus orbital part (Right)
g; 11 1 Frontal_Inf_Oper L Inferior frontal gyrus, opercular part (Left)
gf 12 1 Frontal_Inf Oper R Inferior frontal gyrus, opercular part (Right)
g;g 13 1 Frontal_Inf Tri L Inferior frontal gyrus, triangular part (Left)
o0e || 14 1 Frontal_Inf Tri R Inferiar frontal gyrus, triangular part (Right)
007
ace || 15 1 Frontal_Inf Orb L Inferior frontal gyrus, orbital part (Left)
oSl yg 1 Frontal_Inf Orb R Inferior frontal gyrus, orbital part (Right)
@ No - - -
@ nell 17 1 Rolandic_Oper L Rolandic operculum {Left)
= 1 Dalamdic Nnoe O Dalanmdin mnar ; f
4 4 » M| aalcoG ¥ [i] 4 i I>|I|
Switch Workspace H Open Previous Results IE Eereit | | M 1003 @ [ @ .

Label nodes



— General Settings

Network Construction

Brain regions files (xls) |BrainRegions.csv| | Select

File with Variables (xls) |Variah|es.c5v “Sele::t]

[ Select Subjects (Conn Matrix) ]

[ Create Connectivity Matrix ]

Subjects

CorrMatrix_sample_02.mat
CorrMatrix_sample_03.mat
CorrMatrix_sample_04.mat
Corriatric_sample_05.mat
Corriatric_sample_05.mat

Corriatrix_sample_07.mat
fad Ll aten 1, ng £3

Subjectname in Filename

| CorrMatrix_sample_01.mat ‘

Start: End (remaining characters): -
Parallel Workers: III

Save interim results

— MNetwork Calculations

@ Relative

Threshold
’7':' Significant ) Absolute

() None Calculate graph metrics

Weights

@ No Change () absolute weights

() negative weights to zero

Brain graph metrics

Binary: Assortativity

Network nodes / Brain areas

Precentral gyrus (Left)
entral gyrus (Right)

Superior frontal gyrus, dorsolate|

uperior frontal gyrus, dorsolate|
Superior frontal gyrus, orbital pal
Superior frontal gyrus, orbital pal
Middle frental gyrus (Left)
Middle frontal gyrus (R

Network thresholds

: Betweenness centrality

. Clustering coefficient global

: Clustering coefficient local

. Characteristic path global

. Characteristic Path local

. Community structure Newman - affiliation
: Community structure Louvain - affiliation %
: Community structure Newman - modularity _

wemin el

4 1 s

=

Generate

randomized subject data
(null model network)

randmio_und
randmio_und_connected -

with
=

Binary || Weighted

Nermalize graph metric with random networks

Use random network to calc smallworldness

terations. Calculate variables and export

— Statistics.

— Raw Matrix (link wise)

Raw matrix rtoz

Cennectivity Thr.

Generate

random networks

random_shuffle
null_mode|_und_sigr

i »

009 with lterations
.ooa for each subject.
007 i

Weights.

01

(@ Mo Change

() negative weights to zero

() absolute weights

partial correlafiort () group comparison

() correlation

Wariables to correlate with Covariables
E_ - | lage o~
SEX £
research_site research_site
[n] [a]
eating_contest_chilli eating_contest_chill
beer_pong_score beer_pong_score
fantasy_score fantasy_score
- -

Test against shuffled data  Mumber of repetitions -
Test against random networks (graph metrics)

Test against random networks (raw matrix)

Switch Workspace

I[ Open Previous Results I ’ Load interim results

| Statistics with already calculated values | ’ Calculate & Statistics ]

Label nodes




H
. GraphVar - SampleWorkspace E.L

— General Settings Network Construction — Metwark Calculations
- - Threshold
Brain regions files (xis) |BrainRegions.csv F:;. Significant @ Relaive () Absolute () None Calculate graph metrics
File with Wariables (xls) |Variables.cav Select i Weights I

Brain graph metrics

] @ Mo Change () absolute weights (O negative weights to zero

’ Select Subjects (Conn Matrix) Binary: Assortativi -
Network nodes / Brain areas Network thresholds Binary: Betweenness centrality |:|
[ Create Connectivity Matrix ] Binary: Clustering coefficient global

Binary: Clustering coefficient local
Binary: Characteristic path global

Superior frontal gyrus, dorsolate X Binary: Characteristic Path local
CorrMatrix_sample_02.mat F Superior frontal gyrus, dorsolate] . Binary: Community structure Mewman - affiliation
CorrMatrix_sample_03.mat Superior frental gyrus, erbital par Binary: Community structure Louvain - affiliation \
CorrMatrix_sample_04 mat Binary: Community structure Newman - modularity
CorrMatrix_sample_05.mat Middle frontal gyrus (Left) . e e T ] in_eondulach.
CorrMatrix_sample_06.mat Widdle frontal gyrus (Right) . J L b
CorrMatrix_sample_07.mat i 4 L}
Carchiote la N2 mat |:| Normalize graph metric with random netwaorks
Subjectname in Filename Generate 1

Cormtiatrn samoie 01 mat _ : randmio_und = 1 [] use random network to calc smallworidness
—sample_t. randomized subject data  |r3ndmio_und_connected - )

(null model network) terations. Calculate variables and export ]

Start: | 12 | End (remaining characters): | 4 Binary ] Weighted
Corr Matrix Array CorrMatrie — Raw Matrix {link wise) — Statistics
S T T Parallel Workers: | 0 Raw matrix [ rtoz () correlation (@) partial correlation ) group comparison

[ connectivity Thr. Variables to correlate with ~ Covariables

Generate | 1 P - | o -
045 random networks [SEX SEX
04 research_site research_site
035 random_shufflz a 12
03 null_model_und_sigr eating_contest_chili eating_contest_chilli
075 beer_pong_score beer_pong_score
0z fantasy score fantasy_score
015
Ri)l
009 with | 1 | Rerations
-noe for each subject.
007 1 = -
ANG
WEELE [T] Test against shuffied data  Mumber of repetitions 1

i LDEITNED ) SRR TTERLE |:| Test against random networks (graph metrics)

() negative weights to zero

|:| Test against random networks (raw matric)

[ Switch Workspace H Open Previous Results l l Load interim results l Statistics with already calculated values l Calculate & Statistics I

Redefine Network (Subnetwork analyses




ﬁ!:- GraphVar - SampleWorkspa

General Settings

Select Subjects (Conn Matrix)

[ Create Connectivity Matrix ]
Subjects

CorrMatrix_sample_02.mat @
CorrMatrix_sample_03.mat
CorrMatrix_sample_04.mat
Corriatric_sample_05.mat
Corriatric_sample_05.mat

Corriatrix_sample_07.mat
fad Ll aten 1, ng £3

— Network Constru

Threshold—
) Significant

' . Select rows A E.L .

Please select Variables: First selection(Radic
button)}= Variable with name; Second selection

Network nodes /

Precentral gyrus i
Precentral gyrus i
Superior frontal g
Superior frontal o
Superior frontal g
Superior frontal g
Middle frontal gyn
Middle frental gyn|
4 L

Subjectname in Filename

| CorrMatrix_sample_01.mat

Start: End (remaining characters): -
Parallel Workers: III

=y

Save interim results

Generate .

randomized subje
(null model netwo

— Raw Matrix (link

Raw matrix

7] connectivity

5
045
04
035
03
028
.02
015
01
009
008
007

Weights.
@ Mo Change

) negative w

Switch Workspace

H Open Previous Results I

= Variables should be uzeable for

se%
research_site

(o}
eating_contest_chilli

beer_pong_score

[ O )

work Calculations

Calculate graph metrics

ain graph metricz
]

nary: Assortativity

pary: Betweenness centrality |:|

| nary: Clustering coefficient global

 pary: Clustering coefficient local

pary: Characteristic path global

pary: Characteristic Path local

pary: Community structure Newman - affiliation
ary: Community structure Louvain - affiliation
ary: Community structure Newman - modularity _

e Moreeen e mbenedien | niaenin eedodacie

1 3

|| Normalize graph metric with random networks

|| Use random network to calc smallworldness

Calculate variables and export

| partial correlations (©) group comparison

ate with Covariables

- age e
SEX

research_site

(]

illi eating_contest_chill
beer_pong_score
fantasy_score

- -

uffled data Number of repetitions -

ndom networks (graph metrics)

ndom networks (raw matrix)

lated values | ’ Calculate & Statistics

Variable Selection



ﬁ!:- 'Graph\r'ar - SampleWorks dﬂu

General Settings

Network Construction Metwork Calculations

Threshold
Brain regions files (xis () Significant i@ Relative () Absolute ) None ‘ ‘ ’7 Calculate graph metrics ‘
|
File with Variables (xls) |Variables.csv Sele
o Tdd - 1= T Varisbles - MicrosoftExeel L e B et

Select Subjects (Conn Matrix) Start Einflgen Seitenlayout Formeln Daten Oberprifen Ansicht (4] 0 o eE OES
[ Create Connectivity Matrix ] # Calibri Ffunor == %] =¢ standard - A S=Einfigen * X - % [ﬁ
Subjects Einfiigen T Fru-jas = E_ =HE-| 3% m Formatvorlagen ?‘ Loschen - | (@]~ Sortieren  Suchen und
- 7 B - é M = P T #a N Ej Format ~ &2~ und Filtern = Auswahlen =
Currl'u'latr:[x_sample_l}z.mat @ Zwischenablage = Schriftart | Awusrichtung P} Zahl P Zellen Bearbeiten
CorrMatrix_sample_03.mat
CorrMatrix_sample_04.mat 135 = b ¥
Peres & T 3 T cl » [ ¢ T *fls [ #1131 «E
Corrlatric_sample_07.mat i 1 Subj_ID age sex research_site 1Q eating_co beer_pon fantasy_score
Comilois o DQ st 2 sample_01 21 male New York 100 43 13 68,1
Subjectname in Filename 3 sample_02 43 male New York 130 a7 15 23,9
| CorrMatrt;_sample_01.mat 4 sample_03 26 male MNew York 115 33 21 28,8
5 sample_04 25 male Paris 98 56 10 40,2
Start: SR R R 6 sample_05 22 male  Paris 55 62 20 48,4
) 7 sample_06 33 male Paris 120 66 17 43,5
Corr Matrix Array R
8 sample_07 36 male Paris 80 68 16 32,1 =
Save interim results Parallel Workers: “ 9 sample_08 33 male Paris 99 73 15 37
10 sample_09 39 male Paris 65 63 25 46,8
11 sample_10 46 male Paris 140 43 23 43,5
12 sample_11 33 male London 122 64 18 43,4
13 sample_12 46 male London 130 58 23 46,8
14 sample_13 42 male London 111 51 19 46,8
15 sample_14 47 male London 82 45 14 11,9
16 sample_15 35 male New York 79 71 16 40,2
17 sample_16 43 female  MNew York 83 54 9 41,9
18 sample_17 32 female  New York 69 58 16 43,4
19 sample_18 22 female  New York 68 59 13 30,4
20 sample_19 22 female  New York 110 B4 18 51,7
21 sample_20 38 female New York 109 a4 17 46,8
22 sample_21 38 female  New York 55 56 22 32,1 =
M 4 » M| Sheetl ~Sheet? ~Sheet3 /%3 M I | b1
Bereit H 100 % 6—0—@) o

Switch Workspace I[ Open Previous Results I ’ Load interim results | Statistics with already calculated values | ’ Calculate & Statistics ]

Variable Selection




ﬁ!:- GraphVar - SamiJIEW(:H.S dﬂu

— BGeneral Settings — Metwork Construction — Metwork Calculations
- - Threshold
Brain regions fies (xis) |BrainRegions.csv| | Selsct F:ﬁ- Significant @ Relative () Absolte () None Calculate graph metrics
Fie with Variables (<s) |Variables.csv | [ Select | |,w3,ght3 v graoh metncs
@ No Change () absolute weights () negative weights to zero
| Select Subjects (Conn Matri) | Binary: Assoriativity

Network nodes / Brain areas Metwork thresholds Binary: Betweenness centrality [
[ Create Connectivity Matrix ] Binary: Clustering coefficient global
. Precentral gyrus (Left) Binary: Clustering coefficient local
Subjects entral gyrus (Right) . Binary: Characteristic path global
Superior frontal gyrus, dorsolate| . Binary: Characteristic Path local
CorrMatrix_sample_02.mat @ uperior frontal gyrus, dorsolate| X Binary: Community structure Newman - affiliation
CorrMatrix_sample_03.mat Superior frontal gyrus, orbital pal X Binary: Community structure Louvain - affiliation
CorrMatrix_sample_04.mat Superior frontal gyrus, orbital pal

Binary: Community structure Newman - modularity _
Corriatric_sample_05.mat Middle frontal gyruz (Left) 3 |SEp—— Fornein the mbriendien | aanenin medda ek

Corriatrix_sample_06.mat Middle frontal gyrus (Right) X 4 LI (3

CorrMatrix_sample_07.mat - ] L (3 018 -

Caeetlote IO et i Nermalize graph metric with random networks
) - w
Subjectname in Filename
e E=rzER randmio und é Use random network to calc smallworldness
| CorrMatrix_sample_01.mat ‘ randomized subject data randmin:und_cunnected i .
(null mode! network) ETITI Calculate variables and export
Start: End (remaining characters): - Binary || Weighted
Caorr Matrix Array — Raw Matrix (link wise) — Statistics.
7] Raw matrix - . ] . e ——— ]
Save interim results Parallel Workers: III rtoz L correlation ?.ﬂ.l.-hﬂl CDI’I’EL&tH}I‘[ | group comparison

Connectivity Thr. Variables to correlate with Covariables

Generate _ age
random networks SEX 6

research_site research_site

[n] [a]
eating_contest_chilli eating_contest_chill
beer_pong_score beer_pong_score
fantasy_score fantasy_score

random_shuffle
null_mode|_und_sigr

o] »
:IJEIB with lterations

01

008
007

ong

Weights.

for each subject.

Test against shuffled data  Mumber of repetitions

@) No Change () absolute weights Test against random networks (graph metrics)

e LR R DAY Test against random networks (raw matrix)

Switch Workspace I[ Open Previous Results I ’ Load interim results

| Statistics with already calculated values | ’ Calculate & Statistics ]

Variable Selection




ﬁ!:- GraphVar - SamiJIEW(:H.S dﬂu

— BGeneral Settings Netwaork Construction — Metwork Calculations
- - Threshold
Brain regions fies (xis) |BrainRegions.csv| | Selsct F:ﬁ- Significant (@ Relative () Absolte () None Calculate graph metrics
File with Wariables | i . | ) iahts
(xs) Variables.csv | | Select | Weights Srain araph metrics
|7I§I Mo Change () absolute weights () negative weights to zero
| Select Subjects (Conn Matri) | | Binary: Assoriativity
Metwork nodes / Brain areas Binary: Betweenness centrality
[ Create Connectivity Matrix ] Network threshelds Binary: Clustering coefficient global D
Subjects Precentral gyrus "L'?ﬁ"_ Binary: Clustering coefficient local
entral gyrus ] 8 Binary: Characteristic path global
Superior frontal gyrus, dorsolate| . Binary: Characteristic Path local
CorrMatrix_sample_02.mat @ uperior frontal gyrus, dorsolate| X Binary: Community structure Newman - affiliation
CorrMatrix_sample_03.mat Superior frontal gyrus, orbital pal X Binary: Community structure Louvain - affiliation
CorrMatrix_sample_04.mat Superior frontal gyrus, orbital pal X Binary: Community structure Newman - modularity _
Corriatric_sample_05.mat Middle frental gyrus (Left) . D e o B e e e
CorrMatrix_sample_06.mat Middle frontal gyrus (Right) X 1 g E
Corriatrix_sample_07.mat N X -
Caccllobe lo NP mnt — Normalize graph metric with random networks
) - w
SELEENELS DEETEE Generate randmio_ und é Use random network to calc smallworldness
| CorrMatrix_sample_01.mat ‘ randomized subject data | andmio_und_connected -

(null model network) terations. Calculate variables and export

Start: End (remaining characters): - Binary || Weighted
Caorr Matrix Array — Raw Matrix (link wise) — Statistics.

Save interim results Parallel Workers: III PRV rto z ©) correlation @ parfial correlatior; ) group comparison
Connectivity Thr. Variables to correlate with Covariables
Generate _ age -
random networks =EX SEX
research_site research_site
random_shuffle [} 103
null_mode|_und_sigr eating_contest_chilli eating_contest_chill
beer_pong_score beer_pong_score
fantasy_score fantasy_score
. o] »
01
0o with lterations
.noa for each subject.
007 i - e
noc
WWeights [] Test against shuffied data  Number of repetitions -

@ No Change () absolute weights

() negative weights to zero

Test against random networks (graph metrics)

Test against random networks (raw matrix)

Switch Workspace I[ Open Previous Results I ’ Load interim results | Statistics with already calculated values | ’ Calculate & Statistics ]

Network construction




ﬁ!:- GraphVar - SamiJIEW(:H.S dﬂu

— BGeneral Settings — Network Construction — Metwork Calculations
- - Threshold
Brain regions fies (xis) |BrainRegions.csv| | Selsct F:ﬁ- Significant (@ Relative () Absolte () None Calculate graph metrics
File with Variables (xls) |Var|ah|es.c5v | [ setect | Weights e araph metrcs
|7I§I Mo Change () absolute weights () negative weights to zero
| Select Subjects (Conn Matri) | | Binary: Assoriativity
Network nodes / Brain areas Binary: Betweenness centrality
[ Create Connectivity Matrix ] Network threshelds Binary: Clustering coefficient global D
Subjects Precentral gyrus (Left) Binary: Clustering coefficient local
entral gyrus ) . Binary: Characteristic path global
Superior frontal gyrus, dorsolate| . Binary: Characteristic Path local
CorrMatrix_sample_02.mat @ uperior frontal gyrus, dorsolate| . Binary: Community structure Newman - affiliation
CorrMatrix_sample_03.mat Superior frontal gyrus, orbital pa . Binary: Community structure Louvain - affiliation
CorrMatrix_sample_04.mat Superior frontal gyrus, orbital pal . Binary: Community structure Newman - modularity _
Corriatric_sample_05.mat Middle frental gyrus (Left) . Dinno.: Mormenien the nbecbien | canenin madolacib.
CorrMatrix_sample_06.mat Middle frontal gyrus (Right) : J g 5
CorriMatrix_sample_07.mat Al |I|

Corcellober o 0T +

Nermalize graph metric with random networks

Subjectname in Filename

Generate

randomized subject data
(null model network)

Use random network to calc smallworldness

with
randmio_und =

| Corritatrix_sample_01.mat ‘ randmio_und_connected - .
terations.

Start: End (remaining characters): - Binary || Weighted
Caorr Matrix Array — Raw Matrix (link wise) — Statistics.

Calculate variables and export

partial correlafiort () group comparison

V| R tri = = .
Save interim results Parallel Workers: III Awe matrix rtoz () correlation
Cennectivity Thr.

Wariables to correlate with Covariables

[¥] Generate ace [P -

random networks SEX BEX
research_site research_site
random_shuffle [} 103
null_mode|_und_sigr eating_contest_chilli eating_contest_chill
beer_pong_score beer_pong_score
fantasy_score fantasy_score
. o] »
01
009 with lterations
.noa for each subject.
007 i - e
noc
WWeights [] Test against shuffied data  Number of repetitions -

@ No Change () absolute weights

() negative weights to zero

Test against random networks (graph metrics)

Test against random networks (raw matrix)

Switch Workspace I[ Open Previous Results I ’ Load interim results | Statistics with already calculated values | ’ Calculate & Statistics ]

Null model Networks




— General Settings

Brain regions files (xls) |BrainRegions.csv| | Select

File with Variables (xls) |Variah|es.c5v “Select]

[ Select Subjects (Conn Matrix) ]

[ Create Connectivity Matrix ]

Subjects

CorrMatrix_sample_02.mat
CorrMatrix_sample_03.mat
CorrMatrix_sample_04.mat
Corriatric_sample_05.mat
Corriatric_sample_05.mat

Corriatrix_sample_07.mat
fad Ll aten 1, ng £3

Subjectname in Filename

| CorrMatrix_sample_01.mat

Start: End (remaining characters): -
Parallel Workers: III

=y

Save interim results

ﬁ!:- 'Graph\r'ar - SampleWorks dﬂu
[ _ ]

— Network Construction

Metwork Calculations

Calculate graph metrics

Threshold
() Significant @ Relative () Absolute () None
— Weights
rél Mo Change () absolute weights () negative weights to zero

Brain graph metrics

Binary: Assortativity

Network nodes / Brain areas

Precentral gyrus (Left)
entral gyrus (Right)
Superior frontal gyrus, dorsolate|
uperior frontal gyrus, dorsolate|

Superior frontal gyrus, orbital pal
Superior frontal gyrus, orbital pal
Middle frental gyrus (Left)
Middle frontal gyrus (Right)

4 I 3

Network thresholds

: Betweenness centrality

. Clustering coefficient global

: Clustering coefficient local

. Characteristic path global

. Characteristic Path local

. Community structure Newman - affiliation
: Community structure Louvain - affiliation %

: Community structure Newman - modularity _
raadilard e

¢

=

Generate

randomized subject data
(null model network)

with
=

|:| Nermalize graph metric with random networks

|:| Use random network to calc smallworldness

— Raw Matrix (link wise)

randmio_und
randmio_und_connected - terati
ERELLTE: Calculate variables and export
Binary || Weighted
— Statistics

Raw matrix [ rtoz

[7] connectivity Thr.

Generate

random networks

random_shuffle
null_mode|_und_sigr

i »

009 with lterations
.ooa for each subject.
007 i

Weights.

01

@ Mo Change

() negative weights to zero

() absolute weights

2artial correlatior

() correlation (") group comparison

Wariables to correlate with Covariables
P - | aoc S
SEX EE

research_site research_site

12 Q

eating_contest_chilli
beer_pong_score
fantasy_score

eating_contest_chilli
beer_pong_score
fantasy_score

- -

[7] Test against shuffled data ~ Mumber of repetitions -

|:| Test against random networks (graph metrics)

|:| Test against random networks (raw matrix)

Switch Workspace

I[ Open Previous Results I ’ Load interim results

| Statistics with already calculated values | ’ Calculate & Statistics ]

Network topological measures



rGf:nf:ral Settings I MNetwork Construction — Metwork Calculations

—_— Thraohald
B9~ = s - | @ = A
F3] ExportDatasdsx - Microsoft Excel = Calculate graph metrics
Start EinfUgen  Seitenlayout  Formein  Daten  Uberprofen  Ansicht c@eo@m
'Y - . Tl asie L . i 1y ) getintigen~ X - } . .
@- | O e A bl el =] T B e g & @ Brain graph metrics
. | By - piwe Gad- @. e Bedingte Al Tabelle  Zellendormatvoriagen .. Sontieren  Suchen und
7 Fxu e 9 A EEWFEE F-%om W ch:.)lllelvng'lon:\.mutn' st (&) Format ~ LT uM’F:ll:n' A:M)nl‘:n'
Jwischenablage s Schaiftant - Autnchtung . Iah . Formatvoriagen Zellen Bearbeiten n .
f a2 v (& = 5 B!Hﬂr}l‘. Eletwee.:nness cer.ltralrty |:|
i | 5 r > T = S = . 3 = T ~ = 5 pe B!n ary: Cluster!ng cuefﬂc!ent global
1 | clustering |Corvected Al 0,05 ( Binary: Clustering coefficient local
fdor«enml_‘.arecemm_s:wman_sup_ Frontal_Sup_Frontal_Sup_Frontal_Sup_ Frontal_MId_ Frontal_Mid_Frontal_Mid Frontal_Mid, Frontal_inf_iFrontal_inf_Frontal_inf *Frontal_inf Frontal! Binary: Characteristic path global
0,1 -0,07237061 0,09357033 -0,04627269 -0,00182195 -0,01050473 0,01379858 0,08164257 -0,03847343 -0,0544339 -0,02977521 0,07549174 0,00852406 0,00846313 0,11717267 0,0723 Binary: Characteristic Path local
0,11 -0,07502656  0,0965873 -0,04119779 0,01382449 -0,01258913 0,01688709 0,09898348 -0,05137778 -0,06825057 -0,04164273 0,06610055 0,03442335 -0,01435543 0,09281628 0,08%4 Binary: Community structure Newman - affiiation

0,12 0,0120058 0,10466911 -0,00895351 0,05711628 0,01955126 -0,01148392 0,10050013 0,01365077 -0,04454219 -0,03273493 0,06353858 0,03103569 0,0087535 0,10324542 0,0823 Binary: Community structure Louvain - affilation
0,13 0,04582824 0,13772624 -0,02306489 0,00408741 0,02521199 -0,05174935 0,09786645 0,02258706 -0,02283654 -0,04284299 0,04495615 0,02025344 0,00380567 0,13499298 0,111C Bi - Community structure Newman - modularity
0,14 00511311 0,14548641 -0,01061045 0,02692522 0,02569613 -0,07578842 0,08611047 0,05729156 -0,00061421 -0,03408272 0,0344073 0,03682116 -0,00855096 0,13497625 ©,096€ n'zf:" e e
0,15 0,03443045 0,15909194 -0,02614552 0,01287442 0,03147307 -0,0258052 0,11819733 0,01723583 0,01730789 -0,01061199  0,022515 0,03183292 -0,0173d021 0,14352523 0,10€ P 'T v
0,16 0,0218163 0,14626699 -0,00873069 -0,00431096 0,04221829 -0,00731211 0,10055191 0,00010491  0,033381 -0,00616201 0,02677757 0,03036297 -0,01787866 0,1497228 0,1063
0,17 0,03632448 0,1164809 0,00718125 -0,00913568 0,0714 0,00725661 0,08765865 0,01369501 0,02569157 -0,00414277 0,03320073 0,02824249 0,00330053 0,14970207 0,0884
0,18 002603423 0,03428395 0,00556452 -0,00146251 0,0687442 0,01148425 0,06401952 0,01504792 0,02779036 -0,00971193 0,0384517 0,0363997 0,02119241 0,18140577 0,0841 Normalize graph metric with random networks
0,19 0,02785595 0,06774574 0,01046093 -0,0019813 0,09621474 0,01773432 0,0489363 0,03839059 0,04745267 -0,01980946 0,04508741 0,03606135 0,01092866 0,1287091 0,0685
0,2 0,04587938 0,06213632 0,02744064 0,02045255 0,08726685 0,00666383 0,03770538 0,06392727 0,05961167 -0,03766387 0,06243042 0,02195677 0,0353122 0,11020771 0,0577
0,21 0,06486796 0,05679674 0,03397345 0,02358631 0,09775207 0,01422356 0,02319688 0,06564341 0,05814384 -0,04080787 0,09320703 -0,00321626 0,02166131 0,0950827 0,0351
0,22 0058714 0,06224344 0,02695073 0,03135441 0,08862638 -0,000302 0,02549718 0,0543516  0,06134 -0,0428498 0,08729143 0,00418408 0,05731638 0,08312445 0,033 i
0,23 0,06397301 0,06654521 0,03523234 0,03290413 0,09133735 -0,02562673 0,03423818 0,06629271 0,0523437 -0,01926428 0,08666938 0,00315677 0,0456275 0,08501868 0,0302 Calculate variables and export
0,24 0,03414516 0,06251224 0,03274688 0,04781523 0,09005042 -0,03851445 0,03342348 0,06758784 0,06171202 -0,00465014 0,0823768 0,00389042 0,03907938 0,1073557 0,0191
0,25 0,03672875 0,05469995 0,04586182 0,04821612 0,10420865 -0,03477186 0,0198198 0,07321033  0,0740143 -0,00227927 0,08060812 0,00425395 0,0400754 0,0997519 0,0233=]]
0,26 0,01747424 0,05420209 0,03550311 0,05848589 0,11140885 -0,03168225 0,04042244 0,05653371 0,07195734 -0,01114387 0,07356878 0,00915254 0,05270245 0,10546793 0,026¢
0,27 0,01580328 0,04428071 0,02435566 0,0531568 0,11038857 -0,0237298 0,05063582 0,05978296 0,05091287 -0,00782718 0,06159207 0,01121745 0,04323407 0,1127613 0,0323
0,28 0,02351688 0,0356175 0,03276314 0,0494245 0,10747968 -0,00769363 0,04713653 0,04672004 0,04336767 -0,01603001 0,04059843 0,03825618 0,05411508 0,12770844 0,0415 |
0,29 002501842 0,0541967 0,05575911 0,06100097 0,1129911 -0,00507062 0,04674211 005679719 0,06639136 -0,00657015 0,03380128 0,02901097 0,05217609 0,1417:836 0,046 |LiON
0,3 0,02430434 0,0493022 0,06852562 0,0776597 0,12693514 -0,02032829 0,04167152 0,0657082 0,08286791 -0,01113351 0,03437705 0,03653748 0,06064345 0,12811081 0,025
0,31 0,00693066 0,02564519 0,08129845 0,09324079 0,14914071 -0,02309732 0,03303592 0,07074533 0,10005378 -0,01823477 0,02453839 0,03148339 0,06669698 0,12782989 0,0177 fto correlate with Covariables
0,32 0,00070219 0,02400809 0,07047841 0,09937963 0,13675138 -0,02462539 0,03000154 0,05665468 0,09450111 -0,01605606 0,01217858 0,0564574 0,08390448 0,1354271 0,0214

0,33 0,01336929 0,01539236 0,06928921 0,07508637 0,13250768 -0,02808616 0,02756673 0,05730853 0,0926012 -0,01710199 0,01383824 0,05297749 0,09024623 0,14352187 0,0234 __ age -
0,34 0,00758848 0,02620812 0,0677071 0,06722012 0,11887481 -0,02634262 0,02178227 0,0570474 0,08692257 -0,01313068 0,02254991 0,05385351 0,08473614 0,13690635 0,0253 SE%

0,35 0,00403113 0,0156379 0,06408451 0,08246356 0,10838639 -0,03190663 0,02185981 0,04931325 0,09016646 -0,00524305 0,01547352 0,05881251 0,07707454 0,13851337 0,034 | site research site

0,36 00093267 0,00792903 0,07722154 0,06850733 0,11061845 -0,0300424 0,01639147 0,05207328 0,0853444 -0,01508398 0,01029145 0,04980996 0,07668634 0,14426683 0,031 | o -
037 001349276 0,00897587 0,08104787 0,05788151 (0,10418969 -0,02780511 000976737 0,04727534 (0,09857292 -0,00550516 0,0133434 0,04876302 007859713 013771213 00414 |4 oy eating_contest_chill
0,38 0,02512363 0,00565759 0,08665301 0,05995017 0,11002747 -0,02254784 0,00577523 0,06047557 0,10444508 -0,00464431 0,01052914 0,05035265 0,07995829 0,14693308 0,037C - — —
0,39 003258273 -0,01398505 0,12322896 0,05839135 0,11256864 -0,00146909 -0,00772905 0,0711287 0,11100346 0,00535085 0,00522468 0,05031163 0,08216537 0,159696¢ 0,0433 [I_SCOME beer_pong_score
0,4 0,03834288 -0,03084439 0,13936289 0,05984102 0,12575051 0,00349272 -0,0201538 0,06892946 0,10571306 0,0071975 -0,01069931 0,05261179 0,09250208 0,16254033 0,038 [COTE fantasy_score

0,41 0,03232405 -0,03001284 0,14826075 0,05671577 0,11100961 0,00867801 -0,02075038 0,06779047 0,10862153 0,00900181 -0,0123612 0,05957104 0,08808113 0,15288403 0,0473
042 0,03432605 -0,03124535 0,14955826 0,05777968 0,11737508 0,00861044 -0,01660732 0,06027197 0,11223547 0,02656532 -0,01393756 0,05839311 0,08426504 0,15594673 0,0463
043 0,03383731 -0,01160574 0,14320655 0,05820829 0,10247971 0,00534149 -0,00457463 0,0543487 0,10226185 0,01270905 0,00883996 0,04413414 0,07440336 0,14708955 0,0352
0,44 0,03900943 -0,00949087 0,1524302 0,04309986 0,09263541 0,01198801 -0,01211355 0,05142813 0,09707691 0,01916385 0,01370553 0,0500744 0,06583277 0,14473706 0,0512
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