GraphVar: a brief tutorial for getting started

Outline:

1. Example investigation: ,chilli contest” (global and local efficiency)
2. Group comparison (global efficiency)

3. Raw connectivity matrix and Network Based Statistics

4. Within design I (change of efficiency T1 T2 between sex)

5. Within design Il (change of efficiency and behavior T1 T2)



Frontal_Sup_Orb_L
Variable: sex
d=0.067693

t{16) = 0.365046
p=0.719857

Frontal_Inf_Orb_L
Variable: age*sex
dib) = 0.047272
t(16) = 0.090257
p=0.929203

Cingulum_Ant_R
Variable: beer_p

Rolandic_Oper_R
\ariable: Intercept
m=0.688668
t(16) = 6.904489
= 0.000004

d: Difference between Group Means
F(df1,df2): F-value

d(b): Difference between Standardized
Regression Weights

b: Standardized Regression Weight
t(df): t-Value y
p: p-Value y

m: Mean
significant

not-significant <—

Interpreting GraphVar output



1. Example investigation: ,chilli contest” (global and local efficiency)

N\ Fire Dragon i_§ B E RTY
V_Chi“lli‘e‘s‘ | BREWENG coe
NV 4 .

Fire Dragon Chillies in association with Liberty Brewing Co
present the 3" Annual NZ Chilli Eating Champs!

Hypothesis:

1. Chilli eating champs probably have more efficient brains...
otherwise they could not deal with all the pain!

2. Probably orbito frontal gyrus and supplementary motor area
contribute here... something like value representations and
motor inhibition (... ,don’t spit out these delicious chillies”)



Hypothesis:

... a potential confound could be how much beer
somebody had to drink before
(i.e., cooling effect on the brain)




1.

2.

Use the right mouse to start GraphVar by clicking RUN on the ,,start_GraphVar“ script

in the main folder

'E] GraphVar_QuickGuide 18.06.2014 12:29 Adobe Acrobat D...
|| READ_IMFO_copyright 18.06.2014 15:38 Textdokument
] start_GraphVar 18.06.2014 15:41 MATLAE Code
Open
Run

Create a new Workspace ,,Chilli_Contest”

GraphVar

Please choose your Workspace

— Create a new workspace

VWorkspace name: | hilli_Contest

‘ Create

— Open an existing Workspace:




Blsccaons =l sd] ¢ The demo (default) data selection window appears (refer to the manual for how to change this)

Please select Variables: First selection{Radio
button}= Wariable with name; Second selection

Z Variables shouk be useabie for * Research_site and sex are initially not selected as these variables are encoded as

e strings in the variable spread sheet ... you may select them if you want

[¥] zex

* Hit the okay button (or simply close the window)

e}
fantasy_score

eating_contest_chili
beer_pong_score R S u———————w———————————————sssss\\ees
— General Settings. — Network Constructi ?
. . reshold — Network C
Brain regions files. BrainRegions.csv | Select ’7’,\ T . . . ‘
(L) Significant @ Relatve () Absolute () SICE () Mone
| File with Variables Variables csv Calculate graph metrics
Weight
[ Select Subjects (Conn Matrix) ] ’7@ Mo Change (7) absolute weights (0) negative weights to zero ‘ Brain graph metrics |
I [ Create Connectivity Matrix ] Network nodes / Brain areas. Network threshokds i
Subjects Binary: Assortativity uut—degreeﬂn-degree cnrrelﬂ:l
i Precentral gyrus (Left) Binary: Assortativity in-degree/out-degree correle

Binary: Assortativity out-degree/out-degree corre
Binary: Assortativity in-degree/in-degree correlati
Binary: Betweenness centrality - UND/DIR
Binary: Clustering coefficient global - UND

Binary: Clustering coefficient global - DIR

Binary: Clustering coefficient local - UND

Blinan: Fhistaring masffimiant lnmal DD

T r

Subjectname in Filename

‘ | [7] Normalize graph metric with random networks

- D Generate
Shace lII End (remaining characters) D Use random network to calc smallworldness

r ized subject data
Corr Matrix Array CorrMatrix (null model network) [ N ]
CheckFrag Calculate variables and export
Parallel Workers:

— Raw Matrix (link wise)- — GLM

FE - |
e e e :‘
research_site

- Generate [} Between factors

s v |:|

eating_contest_chilli
Within covariates

beer_pong_score

Nuisance covariates

ﬁ

Select Witin 1) No Interactions

Save interim results

Graph Var

0k ight: Graph metrics.
Mo Change () absolute weights @ parametric ) rand NW () permutation | Rep
= = — Raw matr
) negative weights to zero .
@) parametric rand NW permutation | -

Switch Workspace " Open Previous Results ] [ Load interim results I Statistics with already calculated values Calculate 8 Statistics




* Selected variables will be loaded in the ,statistics window*

I — General Settings.

— Network Construction ? 1
Brain regions files BrainRegions.csv _Threshu_ — ] — — — — Network Calculations I
[ | () Significant (@ Relative () Absolute () SICE () None = .
I File with Variables ariables. csv Select | Calculate graph metrics
Weights
[ Select Subjects (Conn Matrix) ] ’:é:n No Change () absolute weights () negative weights to zero Brain graph metrics
[ EEsletomerinhbisivy ] Network nodes / Brain areas Metwork thresholds L o
Subjects Binary: Assortativity out-degree/in-degree correle—)
i Precentral gyrus (Left) Binary: Assortativity in-degree/out-degree correle
ntral gyrus (Right}) Binary: Assortativity cut-degree/out-degree corre
Superior frontal gyrus, dorsolate| Binary: Assortativity in-degreefin-degree correlati
Superior frontal gyrus, dorsolate| Binary: Betweenness centrality - UND/DIR
Superior frontal gyrus, orbital pal Binary: Clustering coefficient global - UND
Superior frontal gyrus, orbital pal Binary: Clustering coefficient global - DIR
i Middle frontal gyrus (Left) Binary: Clustering coefficient local - UND 8
Middle frontal gyrus | Rinars: Plictarinm ~nafficiant lnral  NID
Subjectname in Filename: : - 4 i 4
4 {11} »
| | Normalize graph metric with random networks
. _ Generate
Start: III End (remaining characters): Use random network to calc smallworldness
randomized subject data
Corr Matrix Array (null model network) [ Calculat ‘ables and t l
CheckFrag & variables and expol
Save interim results Parallel Workers:
— Raw Matrix (link wise) GLM
age N a
[ connectivity Thr. Ortoz B il
research_site
_ [] Generate (v} Between factors
045 random networks fantasy_score P
.04 eating_contest_chilli
035 beer_pong_score i
03 Within covariates
025 .
02 i
015
0 Nuisance covariates
L .00% -
a5 s 008 il
007 s X
G r a p h V a r nos - g&bﬂ jhistin 1) Mo Interactions v]
Graph metrics.
No Change (7 absolute weights parametric  (O) randNW () permutation
() negative weights to zero Raw matrix ]
(@) parametric rand NV permutation

Switch Works pace " Open Previous Results l l Load interim results l | Statistics with already calculated values | l Calculate & Statistics ]




* FYI: there is also a help button in the top right!

* When help is enabled, you will have a mouse over info most functions of the GUI

— General Settings.
Brain regions files BrainRegions.cay
i File with Variables Variables.csv Select
[ Select Subjects (Conn Matrix) |
I [ ‘Create Connectivity Matrix ]
Subjects
-
i

Subjectname in Filename

Start: III End (remaining characters):

Parallel Workers: II'

Save interim resufts

B

— Network Calculations

Calculate graph metrics

— Network Construction
Thresho
() Significant (@ Relative (7) Absolute () SICE () None
— Weights
’7@) No Change () absolute weights () negative weights to zero

Brain graph metrics

Network nodes / Brain areas

Precentral gyrus (Left)

ntral gyrus (Right)
Superior frontal gyrus, dorsolate|
Superior frontal gyrus, dorsolate|

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

Network thresholds

Binary: Assortativity out-degree/in-degree correle—)
Binary: Assortativity in-degree/out-degree correls
Binary: Assortativity cut-degree/out-degree corre
Binary: Assortativity in-degreefin-degree correlati
Binary: Betweenness centrality - UND/DIR
Binary: Clustering coefficient global - UND

Binary: Clustering coefficient global - DIR.

Binary: Clustering coefficient local - UND

Graph Var

Middle frontal gyrus | Rinars: Plictarinm ~nafficiant lnral  NID 2k
. " 4 1 »
4 {11} »
Normalize graph metric with random networks
Generate
. . Usze random network to calc smallworldness
randomized subject data
(null medel network) [ Calculat ‘ables and t l
CheckFrag e varia and expo
— Raw Matrix (link wise) — GLM
age N z
[ connectivity Thr. Ortoz Sex
research_site 2
s |:| Generate o Between factors
random networks fantasy_score .
eating_contest_chilli
beer_pong_score i
Within covariates
P
i
Nuisance covariates
-
- -
Selec i) Mo Interactions v]
Graph metrics.
) No Change (7)) absolute weights parametric ) rand NW () permutation
() negative weights to zero Raw matrix
(@) parametric rand NV permutation

Switch Workspace

" Open Previous Results ]

l Load interim results l | Statistics with already calculated values | l Calculate & Statistics ]




Now, select the subjects (in general settings)
Navigate to the ,,Sample Workspace” and select subject 20-30
Path: ...GraphVar/workspaces/SampleWorkspace/data/CorrMatrix

— General Settings- — Network Construction

Brain regions files

File with Variables

o

@ Relative

) Absolute () SICE

Network Calculations

) None

Th res hold.
|7CI' Significant

Variables.csv Select |

Calculate graph metrics

’ Select Subjects (Conn Matrix) ] () absolute weights () negative weights to zero

ol
’T@) No Change

Network nodes / Brain areas

Create Connectivity Matrix

Metwork thresholds l?inar\

Subjects =
Select file(s)

Suchen in: | CorMatrix &
Superior fronta I : J

-

Brain graph metrics

ssortativity

& @& e B~

z perior fronta Name Anderungsdatum Typ GraBe -
ﬁ:f;;';;:;:;lt; B CorrMatrix_sample_08 17.06.2014 17:27 Microsoft Access ... 199 KB
i Middle frontal g| [ CorrMatrix_sample 09 17.06.2014 17:27 Microsoft Access ... 200 KB
Subjectname in Filename @ [ CorrMatrix_sample_10 17.06.2014 17:27 Microsoft Access ... 200 KB
| [ CorrMatrix_sample_11 17.06.2014 17:27 Microsoft Access .. 200 KB
T CorrMatrix_sample 12 17.06.2014 17:27 Microsoft Access ... 199 KB
SEiE III LB CE L= n::r:::;esu % CorrMatrix_samEIe_lB 17.06.2014 17:27 Microsoft Access ... 200 KB B
Corr Matrix Array (null model net E CorrMatrix_sample_14 17.06.2014 17:27 Microsoft Access ... 200 KB
[ CorrMatrix_sample_15 17.06.2014 17:27 Microsoft Access .. 200 KB
Saveinterimresuts  Parallel Workers: II' & CorrMatrix_sample_16 17.06.2014 17:27 Microsoft Access .. 199 KB
— Raw Matrix (i [ CorrMatrix_sample_17 17.06.2014 17:27 Microsoft Access ... 199 KB
Raw matri @: [#H CorrMatrix_sample_18 17.06.2014 17:27 Microsoft Access ... 200 KB
= i ) i
[] connectivi Netewerk | CorMatrix_sample_20 17.06.2014 17:27 Microsoft Access ... 199 KB |
= | @ CorrMatrix_sample_21 17.06.2014 17:27 Microsoft Access ... 199 KB | L
045 | B CorrMatrix_sample_22 17.06.2014 17:27 Microsoft Access ... 199 KB | 1
04 | @ CorrMatrix_sample_23 17.06.2014 17:27 Microsoft Access ... 200 KB |
035 |2 CorrMatrix_sample 24 17.06.2014 17:27 Microsoft Access ... 199 KB |
e | EH ConMatrix_sample 25 170620141727 Microsoft Access .. 200 KE |
02 | @ CorrMatrix_sample_26 17.06.2014 17:27 Microsoft Access ... 199 KB |
015 | @ CorrMatrix_sample_27 17.06.2014 17:27 Microsoft Access ... 199 KB |
o1 |2 CorrMatrix_sample 28 17.06.2014 17:27 Microsoft Access ... 200 KB |
jggg | CortMatrix_sample_29 17.06.2014 17:27 Microsoft Access ... 199 KB |
007 CorrMatrix_sample 30 17.06.2014 17:27 Microsoft Access ... 200 KB i L
.:E:guh:;an Diateiname: I"CorrMatrix_sampIe_E’.D.mat" "ComMatrix_sample_20.mat" "CorMatrix_sample_21.mat" "j Offnen I
- g
nogative Dateityp: [MATies (- mat) | Abbrechen |
|

H Open Previous Results ]l Load interim results l

Switch Workspace

| Statistics with already calculated values H

Calculate & Statistics




A selection windows appears asking for the array in the CorrMatrix .mat file in which the
correlations are saved (here this is CorrMatrix)
The name will subsequently appear in the Corr Matrix Array box

— General Settings.

Select
Select

[ Select Subjects (Conn Matrix) |
|

Brain regions files BrainRegions.cav

File with Variables “ariables. csv

[ ‘Create Connectivity Matrix
Subjects

Subjectname in Filename

Start: 0 End {remaining characters). |20

— Network Construction
Thresho
() Significant (@ Relative () Absolite (O) SICE
— Weights
’7@) No Change (O) absolute weights () negative wei

Network nodes / Brain areas

tral gyrus (Rigl

tight)
perior frontal gyrus, dorsolate]
perior frontal gyrus, dorsolate|

perior frontal gyrus, orbital pa
Superior frontal gy
Middle frontal gyru
Middle frontal gyru

4 {11} 3

Netwaork threshaold

Generate

—

Corr Matrix Array CorrMatrix

randomized subject data
null medel network)

—_—
Save interim results Parallel Workers: | 0

— Raw Matrix (link wise)

Raw matrix

Drtuz

|:| Generate

rancom NETwWorks

[ connectivity Thr.

045

[

@ Mo Change () absolute weights

() negative weights to zero

|7@ parametric

Select the field where r-Values

Corrl F

P'alatri:
BMatrix

aw matrix

rand NW permutation

Switch Workspace

" Open Previous Results l l Load interim results l

| Statistics with already calculated values | l

Calculate & Statistics ]




Highlight the subject ID with the mouse to provide the reference between the CorrMatrices
and the subject data in the variable spreadsheet (these should be identical)
If you don’t want to do statistics (only calculation of graph metrics and export) no spreadsheet is required

— General Settings

Brain regions files (xls)  BrainRegions.cav
File with Variables (xls) Variables.csv

[ Select Subjects (Corr Matrix) |

[ Create Correlation Matrix ]

CAGraphVar_beta_v_0ZworkspacesiSampleWe|
CAGraphVar_beta_v_02\workspaces\SampleWc) =
CMzraphVar_beta_v_02\workspaces\SampleWc
CAGraphVar_beta_v_02\workspaces\Sample'c
CMGraphVar_beta_v_02\workspaces\SampleWe -
1| 1] [ 3

Subjectname in Filename

CarrM atrbcm mat

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

Corr Matrix Array CorrMatrix

Sawve interim results




Now, you’ll have to specify a network in the network construction panel (by default AAL labels are loaded)
-> the network nodes/brain areas refer to the ,brain regions file“ (see manual)

For this tutorial we specify the ,chilly-responsive-network”:
starting from Precentral gyrus (left) until Insula (right)

-> select the 30 consecutive nodes with your mouse or keyboard

— Metwork Construction
Threshold

’7@ Significant Relative () Absolute () SICE () None
— Weights
Mo Change () absolute weights () negative weights to zero

MNetwork nodes / Brain areas Metwork thresholds

Anterior cingulate and paracingu
Anterior cingulate and paracingu

Y P W DUy WU (R S

-

] 1 . 3

with
Generate
randmio_und (|
randomized subject data

randmio_und_connected - .
(null model netwaork) u - — fterations.

B

Binary || Weighted




Here, we want to construct different networks using relative thresholding (i.e., densities)

Simply select all the thresholds in the box with ,,ctrl+A” (see manual for how to add more thresholds)

— Metwork Construction

Threshold

’7@ Significant @ Relative () Absolute () SICE () None

— Weights

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

MNetwork nodes / Brain areas Metwork thresholds

Anterior cingulate and paracingu
Anterior cingulate and paracingu

Y T Wp—

4

-

[ P PSR (R SR T

r.

Generate

randomized subject data
(null medel network)

randmio_und
randmio_und_connected -

lterations.
Binary || Weighted




For this investigation let’s construct subject specific null-model networks to calculate ,small-worldness”

Here, we ONLY generate 10 binary random networks per subject per threshold using the
y,randomizer_bin_und” BCT function

(for small-worldness, normalization purposes, or non-parametric testing you would normally use 100-1000 or even more ...
but this will take a lot of time)

— Metwork Construction
Threshold

(71 Significant Relative () Absolute () SICE () None

— VWeights
No Change () absolute weights () negative weights to zero

Metwork nodes / Brain areas Metwork threzholds

Anterior cingulate and paracingu
Anterior cingulate and paracingu

LY P RN Py [ (R S P

4 I |-

Generate
) ] randmic_und
randomized subject data  |randmio_und_connected -

lterations.

(null medel network) .
Binary [ | Weighted




As we have the hypothesis, that chilli eating champs probably have more efficient brains and that
probably insula and orbito frontal cortex may contribute here, we select:

Binary: Efficiency global
Binary: Efficiency local

Select also “Use random network to calc smallworldness”

FYI: you can also add custom functions (see appendix in the manual); also note that for some of the
functions it would not make sense to do statistics on (e.g., modularity affiliation vector; get components)

— Metwork Calculations

Calculate graph metrics

Brain graph metrics

Binary: Efficiency global - UND -
Binary: Efficiency local - UND

Hinary- Eipenyector centralibe o LIBTE

Binary:; Flow coefficient global - DIR —
Binary: Flow coefficient local - DIR
Binary: Graph radius - UNDVDIR
Binary: Graph diameter - UND/DIR
Binary; K-coreness centfrality - UND
Binary: K-coreness centrality - DIR

Oimmarme atabhinas imdawsr TIRIT

1| i 3

|:| Mormalize graph metric with random networks

U=e randoem network to calc emallworldneszs

Calculate variables and export




In the GLM panel add ,eating_contest_chilli“ and ,,beer_pong_score” as predictors in the
between covariates field

Also select the option to perform permuation testing with 1000 permutations per threshold

— GLM
\ariables Between covariates
age -~ =
SEX beer_pong_score
research_site =
10 Between factors

fantasy_score

W
13

BJ8) ) )R B )

1
N,
1

A
1

Within covariates

M
1

Muizance covariates

1
|13

Select Within D |

Mo Interactions -

— Graph metrics
(71 parametric rand NV @ permutation #Rep

— Raw matrix
i@ parametric rand NW permutation

1000




If you have the parallel computing toolbox installed, you may want to use more workers (cores) to

speed up the generation of null-model networks!

- GraphVar - Chilli_Contest

I — General Settings

| Brain regions files
File with Variables

[ Select Subjects (Conn Matrix)

]
( Create Connectivity Matrix |
Subjects

CAUsersikruschwiiDesktopine wingue Version e

ChillsersikruschwiDesktopinew'\neue Version t

ChillsersikruschwiDesktopinew'\neue Version t

ChillsersikruschwiDesktopinew'\neue Version t

CAUsers\kruschwiiDesktop\new\neues Version t

CAUsers\kruschwiiDesktop\new\neue Versiont ™
4 L1} 3

Subjectname in Filename

CorrMatrix_sample_20.mat |

— Metwork Construction
Threshoild
() significant @ Relative () Absolute (0 SICE  (©) None
— VWeights
’7@) No Change () absolute weights (7) negative weights to zero

Network nodes / Brain areas

Anterior cingulate and paracingu
Anterior cingulate and paracingu

Bl e

4 3

=

b e i i

Network thresholds

=

=

— Metwork Calc

(2| |

Calculate graph metrics

Brain graph metrics

Binary: Eigenvector centrality - UND
Binary: Flow coefficient global - DIR
Binary: Flow coefficient local - DIR
Binary: Graph radius - UNIVDIR
Binary: Graph diameter - UND/DIR
Binary: K-coreness centrality - UND
Binary: K-coreness centrality - DIR
o

him o imcdaee  TIMRL

4 I (2

Normalize graph metric with random networks

with
- = . Generate
Start: End {remaining characters): ] i randmio_und Use random network to cale smallworidnzss
. ] randomized subject data  |randmio_dir e —
Corr Matroe Array il (null model network) - e e -
; ; culate variables and expo
Binal Weighted CheckFrag
Save interim results. Parallel Workers: E il v [weig
— Raw Matrix (link wize) — GLM
Raw matrix Variables Between covariates
Connectivity Thr. rtoz sEX beer_pong_score i
research_site
Generate Q Between factors
045 random networks fantasy_score -
04 B
035 __ i
03 Within covariates
025 -
02 i
5 - -
™ Nuisance covariates
ik J008 &
B L= = Rl
e
Graph V i = -
r a p a r ":'l" — Sclect i) |Nu Interactions v]
g Graph metrics.
@ NoChange () absolute weights F:I' parametric  (O) rand NW @ permutation | #Rep
= ! ’ — Raw matrix
() negative weights to zero — — -
parametric () rand NW () permutation | 1000
l Switch Workspace " Open Previous Results l [ Load interim results l ’ Statistics with already calculated values ] ’ Calculate & Statistics ]

arallel Computing (with toolbox)




* You are ready to go and thus to test the hypothesis!
* Click on,Calculate & Statistics”

-~ GraphVar - Chilli_Contes

| — General Settings

Brain regions files
File with Variables

| [ select Subjects (conn Watrix) |
| ( Create Connectivity Matrix |
Subjects

CAUsersikruschwiiDeskiopinew\neue Version tiFs

ChillsersikruschwiDesktopinew'\neue Version t

ChillsersikruschwiDesktopinew'\neue Version t

ChillsersikruschwiDesktopinew'\neue Version t
CAUsers\kruschwiiDesktop\new\neues Version t
CAUsers\kruschwiiDesktop\new\neue Versiont ™
L] L1} 3

Subjectname in Filename

CorrMatrix_sample_20.mat

Start: End (remaining characters):
Parallel Workers: E

Save interim results

— Metwork Construction
hold
’7 Significant @ Relative () Absolute (0) SICE () None
— Weigl
’7@) No Change () absolute weights (7) negative weights to zero

Network nodes / Brain areas

Network thresholds

Anterior cingulate and paracingu
Anterior cingulate and paracingu . E

Bl e
=

— Metwork Calc

Calculate graph metrics

Brain graph metrics

Binary: Eigenvector centrality - UND
Binary: Flow coefficient global - DIR =
Binary: Flow coefficient local - DIR
Binary: Graph radius - UNIVDIR
Binary: Graph diameter - UND/DIR
Binary: K-coreness centrality - UND
Binary: K-coreness centrality - DIR

Dimnme Motohinn indawe 1IN

4 LI} (2

Normalize graph metric with random networks

with
Generate
. . Usze random network to calc smallworldnezs
randomized subject data  |randmio_dir herations.
(null model network) = l — e - l
Binary Weighted CheckFrag & varial and expol
— Raw Matrix (link wize) GLM
Raw matrix Variables Between covariates
Connectivity Thr. rtoz SEX beer_pong_score il
research_site
Generate o Between factors
045 random networks fantasy_score o~
04 il
035 — -
03 Within covariates
025 -
02 i
015 5 -
™ Nuisance covariates
J008 -
Rl
e
007 il — -] =] =
ﬂ_ﬂ_n o cLWitin ) |Nu Interactions v]
g Graph metrics.
@ No Change () absolute weights () parametric () rand NW @ permutation | #Rep
& ; ; — Raw matrix
() negative weights to zero — — -
parametric () rand NW () permutation | 1000

Switch Workspace

" Open Previous Results l [ Load interim results l ’ Statistics with already calculated values

Calculate & Statistics ]




This computation will take about 2-3 minutes ...

= GraphVar - Chilli_Con

| — General Settings — Network Construction
hold
Erain regions files h B - - - _ Network Calt
() sSignificant @ Relative () Absolute () SICE (7)) None )
File with Variables  |variables.csv | Calculate graph metrics
Weigt
| [ Select Subjects (Conn Matrix) ] ’7@) No Change (7) absolute weights (T negative weights to zero Brain graph metrics
l [ Cresle clivity hotri ] Network nodes / Brain areas Network thresholds
Subjects
C\UsersikruschwiDesktopinew\neus Version tirs B!"ﬂl')’i Eigenvector _Centfﬂ"‘t)’ - UND
CAlUserstkruschwiDesktop\newineue Version t E!"ﬂl')’i Flow CDEfﬂCP”t global - DIR. =
CAlUserstkruschwiDesktop\newineue Version t E!ﬂﬂﬁ": Flow cnef_ﬂcnent local - DIR
CAUserstkruschwiDesktopinew\neue Versinot Binary: Graph radiug - UND/DIR

Y Graph diameter - UNDVDIR
| K-coreness centrality - UND
[ K-coreness centrality - DIR

him o imcdaee  TIMRL

ChAUsersikruschwiiDesktop\new\neus Versil P
CAUsers\kruschwiDesktop\new\neue Versig . rogress
L] L1}

Subjectname in Filename All Tasks 15333 of 14383 Operations (100%)

. [rmalize graph metric with random networks
Start; End (remaining characters): Thresholds 41 of 41 ||
e random netwaork to cale smallworldness

Corr Matrix Array CorrMatrix | | | | | | | | | I

Save interimresutts  Parallel Workers: Thresholding Subject 11 of 11

Calculate variables and export l

Between covariates

Randomize Subject 110 of 110 ~ ~
I [ ] | | ] ] | | I beer_pong_score e
) Between factors
Graph Function 2 of 2 o
Within covariates
Subject 121 of 121 P
fr] fr| [ fr] == -
Nuisance covariates
GLM ~
. | !

Variable 2 of 3 |Nu Interactions v]

s | er—

Threshold 25 of 41 ndNW  (©) permutation |
e

Switch Workspace " Open Pr Chunk 1 of 1 values Calculate & Statistics ]

=

| Cancel (or MainWin:Cirl-C) |




This is the results viewer

Graphvar

uliTaciory_L
Intercept

Show Vars/Areas with more than I 5 | Significant |No vis function v Save
5 5 y Difactory_R
efficiency_bin X = o
eating_contest_chill efficiency_local_bin ; B Frontal_Sup wedial L
beer_pong_score smallworldness_bu

Hide non Significant | Export Data | Show p-Values | Alpha Level
Frontal_Sup_Medial_R Correction

{None

z)
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v
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To see the results for global efficiency across thresholds, select the ,,eating_contest_chilli“,
,beer_pong_score”, ,efficiency_bin“ and all thresholds (ctrl+A)
Selection of brain areas does not have an effect on global variables

FYI: the , Intercept” is the constant in the GLM (i.e., expected mean value of Y when all X=0)

Wariable Graphwvar Threshold Brain Areas

Al I LNTACIONY_L
ticency b ] " LaL

St el Frontal_Sup_Medial L
smallworldn e's.s:bu Frontal_Sup_Medial R

Frontal_Med_Orb L

Frontal_Med_Orb R
Rectus_L

Rectus_R

Inzula_L

S 7 all Inzula_R




* Now, you should see the association of chilli eating contest scores, beer pong scores to global efficiency
* The red dots indicate where the correlation is significant according to the desired alpha level
(which you can change here)

—
. Results =N
| Variable Graphvar Threshold Brain Areas Show Vars/Areas with more than EI Signiﬂcant Mo vis function Save

Al - A -

Interce; i . edial_L ) [F_xpnrt Data ” Show p-Values ]IAIpha Level Load
efficiency_local_bin . Medial & Correction | I
smallworldness_bu _[.];b L_ - Corrected Alpha Level

S ‘Nnne v]
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* To explore the p-values across thresholds select the ,show p-Values” button
* By hitting the button again the correlation appears again

ool 3
Graphvar Threshold Brain Areas Show Vars/Areas with more than EI Significant Mo vis function Save
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To plot the non-parametric prediction of chilli scores and global efficiency derived from the random data
(null-model distribution with 1000 permutations per threshold), select only ,eating_contest_chilli“,
select the correction method ,,Random Networks/Groups” and click in ,show randomize...”

The confidence intervall (according to the selected alpha) and the null-model distribution appears

You can drag and drop the legend box
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You can also explore the overlap of the parametric und non-parametric p-values
Here, non-parametric p-values are nearly identical to the parametric distribution
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By scaling down the thresholds, we notice that the association of global efficiency and chilli eating scores

starts at a threshold of 0.19
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we now decide to explore

-network across the threshold range 0.19-0.5
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* Here you see the association of local efficiency of each of the 30 regions in the network to the chilli score
* Notice the mouse over box telling you the area, threshold, beta, and p-value
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FYI: it is possible to hide all non-significant associations
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If we a-priori determined that only significant associations on minimally 10 thresholds would be meaningful,
we can use the build in filter function and set the number on 9 (i.e., thr > 9)
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* Subsequently, the viewer will only show the areas with the specified criteria

* Note that these regions are highlighted in the ,,Brain Areas” field.

* All subsequent actions will only apply to these regions (e.g. filtering)

* If you want the full network again you will have to select all nodes (ctrl+A)

* If you have an a-prioir hypothesis on specific structures you can also simply select those in

the ,,Brain Areas” field
e e e o
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*  You can also change the properties of the colour map (right mouse click on the colour map)

* Also use the colour map editor to set the range of correlations in the clolour bar (e.g., -1 to 1)
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B

Einflgen

Zwischenablage

We think that these results are meaningful and decide to save and to export

these to a csv file (which we open with excel later on)

Only things that are visible in the results window will be exported

Everything we have computed (global efficiency and local efficiency across thresholds) may be saved
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Interpretation

Hypothesis — confirmed!

1. YES - Chilli eating champs probably have more efficient
brains... otherwise they could not deal with all the pain!

2. YES - orbito frontal gyrus and the olfactory gyrus
contribute here...with a positive correlation of local efficiency
to chilli eating ... much more spicy information transfer here!

Varble [ Threshold Siow Vers/Arses wih o | sonean . o v .
] S a 5 B A -
efficizncy_bin 3 ey e esaLL Hide non Significant [ Show p-vaises | apha Lover 005 [ Load ] 5 a || Show p-values | Aipha Level 005
(e iocalk 044 Frontal_Sup_Wedial R BRI afing_contes.
smalorldness_bu LSup el | Corrected Apha Level amal b Corrected Apha Level
2o Frontal led_Orb_L Random lietworks/Grou =
046 Frontal_Wed_Oro_R B 005
047 Rectus L | | Varsbles  Graghvars  Thresholds Brai Areas
os - Rectus R E <[setcies < [setcies v][sekces =
0w B corces [o][soecos 1] seeces_[5][saeos
- ~ s ~ lnsua ® -
cating_contest_chill
L Hos g beer_pong_scare
- 0.6
= F o4
= F o2
L 0
= 02
L 04
056
0.8
I e e I I I |

8
4 6 0.10.110.120.130.140.150.160.170.180.19 0.2 0.210.220.230.240.250.260.270.280.29 0.3 0.310.320.330.340.350.360.370.380.39 0.4 0.410.420.430.440.450.460.470.480.49 0.5




2. Group comparison
(global efficiency)



* Now, we can also go back and decide to to a group comparison (ANOVA) on the previously

calculated efficiencies, where we regress out the influence of IQ and compute the model on the residuals
Add ,research site” as a ,between factor”, add ,,IQ" as ,,nuisance covariate” and ,test against 1000 perm*“
Finally hit ,Statistics with already calculated values”
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You see the distribution of F values across thresholds for the group differences (i.e., factor research site)
on global efficiency and small-worldness
Red dots again indicate significance

E=REENx
Variable Graphwvar Threshold Brain Areas Show VarsiAreas with more than EI Significant Mo vis function * Save

Correction

All
Interce, ciency bi . [ Export Data ] ’ Show p-Values ] Alpha Level 0.05 Load

Corrected Alpha Level

smallworldness_bu T
| None iw ]

Variables Graphvars Thresholds Brain Areas
[selected  v||selecied v |selected = ||Sekotes =]

hall In=ula_R

— F-Value: efficiency_bin
— F-Value: smallworldness_bu

Y T A A A Y T A I A I
0.1 0.110.120.130.140.150.160.170.180.19 0.2 0.210.220.230.240.250.260.270.260.290.3 0.310.320.330.340.350.360.370.380.390.4 0.410.420.430.440 450 460 470.480.430.5

Show/Hide group value |research_5'rte=u Open Single Subject ] [ Piot Conn i ] |Thresnmcl



* Plot the paramteric and non-parametric p-values ...
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* Select only ,efficiency_bin“
* ExIplore how the groups contribute to this effect by selecting ,Show/Hide group value”
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* Examine the mean of ,efficiency_bin“ for each single group (i.e., significance test against zero)
* The blue line shows the group mean for the selected group
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*  Perform pair-wise comparisons by switching through the group contrasts (here: London vs. NewYork)
* The blue line shows the group difference for the specific contrast

Variable Graphvar Threshold Brain Areas

Al

Show Vars/Areas with more than EI Significant Mo vis function = Save

Interce,
efficiency_local_bin

Correction

[ Export Data ] ’ Show p-Values ] Alpha Level |0.05 Load

| Random Networks/Groups hd ]

Corrected Alpha Level

Variables

Graphvars Thresholds Brain Areas

[selected  v||Selected v |selectsd = ||Sekctes ~| [ Show randomize

hall In=ula_R

— — Group mean research_site_London

— — Group mean research_site_New York

— — Group mean research_site_Paris
research_site X efficiency_bin

I e e A
0.10.110.120.130.140.150.160.170.180.19 0.2 0.210.220.230.240.250.260.270.260.29 0.3 0.310.320.330.340.350.360.370.380.39 0.4 0.410.420.430.440 450 460 470.480.430.5

[ Potconn ix | [Thresnold

|research_s'rte_Lundun-research_s'rte_New York... v] [ Open Single Subject ]

Show/Hide group value




Examine the permutation testing derived null-model distribution for the selected contrast
You can see how the confidence intervall will change with decreasing alpha values (e.g. 0.001)
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3. Raw Conn Matrix and
Network Based Statistics



* Let’s try some computations on the raw correlation matrices!
* Deselect ,Calculate graph metrics“ and only use the following setting in:
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Brain regions files BrainRegions.csy e . - = =
) ) ) () Significant @) Relative () Absolute () SICE () None
File with Variables Variables.cav Select | |
Weights

[ Select Subjects (Conn Matrix) ] ’7@' Mo Change (7 absolute weights (7 negative weights to zero Brain graph metrics
[ Create Connectivity Matrix ] Nehwork nodes § Brain areas Network threshokds DIary. LOST STTCENCy QIoTar (ATE0IIE o7 SIgmr -

Binary: Degree - UND:

Binary: Degree - DIR
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Binary: Efficiency local - UND i
i »

Subjectname in Filename PO S T T SR D S

N T ;

| Corriatrix_sample_20.mat [] Normalize graph metric with random networks

Start End (remaining characters): II' n::;;r:;esuh_ of data |:| Use random network to calc smallworldness
o et ey (nullmode! netwlsrk} Calculate variables and export
Save interim results Parallel Workers: m CheckFrag
- Raw Matrix (link wise) — GLM
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Weights Graph metrics

@ No Change (O absolute weights parametric rand NW @ permutation | i

- ) : — Raw matrix

() negative weights to zero _ . = -
| () parametric () rand NW @ permutation | 1000
[ Load interim results I | Statistics with already calculated values

Switch Workspace ” Open Previous Results

Calculate & Statistics l




* This is the interaction of age and IQ and the raw connectivities between the nodes in the 30x30 matrix

Graphvar Threshold Brain Areas Show VarsiAreas with more than EI Significant Mo vis function ¥ Save
[E] Hide non Significant [Expnr[ Data ] ’ Show p-Values ] Alpha Level [0.05 Load

Correction

Corrected Alpha Level
| None - ]

Variables Graphvars Thresholds Brain Areas

[selected  v||selecied v |selected = ||Sekctes =] | GetComponent | nBS

rh_|
ontal_Inf_Ope

— ed
nY:Fr

|
20 25




Show only the significant brain areas for the selected interaction by selecting the
,hide non significant” button
FYI: in the ,brain areas field” you can also select only some areas to be plottet

=T A " e 9 e d

Variable Graphvar Threshold Brain Areas Show VarsiAreas with more than 5 | Significant | Filter | Mo vis function | Save |

Al « (Al «f ~ g:}:gz”’—; . —

Iﬂn;:rcem corr_area Frnntal_r;Gp_Medsal_L ~ iﬂ.iﬂe nen Significant | port Data || Show p-Values | Alpha Level |0.05 | Load |
Frontal_Sup_Wedial R aisction

::] " Frontal_Med_Orb_L - . Corrected Alpha Level

o Frontal_Med_Orb_R 0.05
Rectus_ L Wariables Graphvars Thresholds Brain Areas
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Insula_L _—
- - = |Insula_R -
ntral_L
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Sup L
Bup_R
Orb_L
Orb_R
Mid_L
Mid_R
Orb_L
Orb_R
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Orb L
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Orb_L
Orb_R
tus_L
tus_R
sula_L
ula_R
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E” Open Single Subject ||I| Fiot Conn MeanMatrix




Select the non-parametric results and apply the Bonferroni corretion method: observe also the
corresponding corrected alpha level (you may also try FDR correction)

Results

Wariable

WAl
Intercept
age

L[]
age

ntral_L
tral_R
Sup L
Sup R
Orb_L
Orb_R
Mid_L
Mid_R
Orb_L
Orb R
per L
per_R
f Tri_L
~ TR
Orb_L
Orb_R
per_L
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Rectus_L
Rectus_R
Insula_L
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Graphwvar Threshold

= |All |
corr_area

‘ZH Open Single Subject Hz‘

Show Vars/Areas with more than 5

| Hide non Significant | Export Data || Show p-Values | Alpha Level [0.05 | Load |

Laccection

Significant | Fiter | |No vis function | Save |

Random Networks/Groups(Bonferroni)

i

Wariables
Selected

Graphvars
- || Selected

Thresholds
¥ | Selected

Brain Areas
~ ||Selected

-

Corrected Alpha Level

5.5558e-05

| GetComponent " NBS |

20

25
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You can now perform NBS! Note that for NBS the selected correction method will provide the p-values
for the , initial-link-thresholding” (here we take the non-parametric Bonferroni corrected p-values)
Hit the ,NBS” button (for the ,,get component button please refer to the PDF ,new features beta 0.62°)

Results
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Intercept
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Sup R
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Brain Areas
UITACIony_L
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| Hide non Significant | Export Data || Show p-Values | Alpha Level 0.05 |

Correction

Save |
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Variables
Selected

Graphvars
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The initial-link threshold is carried over from the results viewer (here: non-parametric)
And observe a significant graph component comprised of 12 nodes for the interaction

The selection box allows you to plot positive and/or negative associations (here we only have positive)

Please refer to the Manual for how to interpret and to use the Network Inspector

5.5556e-05 Apply Alpha Previous

[] Show all lables. age*ia -0
Size of Network| Count in real data| Mean COURE T Tandom dote NTar Frequeey AToe

i1 1 e 30 1000 1
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5 c 0 2 2 2
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[17 ] 17 0 0 ) )
18 | 18 0 0 ) )
(19 ] 19 0 0 0 )
EX 20 0 0 0 0
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22 | 22 0 0 0 0
ER 23 0 0 0 0

u 24 0 ) ) )
[25 | 25 0 0 ) )
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(27 ] 27 0 0 0 )
2 | 28 0 0 0 0
EX 29 0 0 0 0
30 | 30 0 0 0 0
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Frontal_Mid_Orb_R
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~ Metwork Inspector

Show all lables.

Also use the ,show all labels” and , Enable Mouse Over“ to explore this component

age™ia o

5.5556e-05 Apply Alpha

Size of Network| Count in real

count in random data| Max Frequecy|

Alpha |
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Show all lables.

*  You can export the graph component in matrix format (.csv) but also in Pajeck (PAJ) format for
other visualization purposes

age*in = -

5.5556e-05 Apply Alpha

Size of Network

[Count in real \ count in random data| Max Frequecy|  Alpha |

30 1000
0

)
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* You can also directly open the graph component in BrainNetViewer (Xia et al.) if this nice viewer is installed
* INFO: BrainNetViewer mus be added to the MATLAB path with subfolders

Show alllables. agen = - 5.5556e-05 Apply Alpha i ‘ Next ‘ I Export ] Export PA | Enable Wouse Over

Size of Network Count in real data| Mean count in random data|Max Frequecy]  Alpha |
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BrainNet Viewer
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4. Within design |
(change of
efficiency T1 T2)

Research option 1 - example:

investigate the association between a constant independent
variable (e.g. sex or genotype) and a changing dependent
network variable (e.q. efficiency in T1 and T2)



* Select the ,Variables_Within_Design“ sheet under .../workspaces/SampleWorkspace
* Notice: Scan_ID (one subject = T1: sample_01a, T2: sample_01b) and Subj_ID (sample 1)

|| — General Settings- — Network Construction =
Brain regions files [SBbd ’_'I\'hre.shl.:rlcl =
e X ] () Significant (@ Start Einfligen Seitenlayout Formeln Daten Uberprifen Ansicht AN 7 MR
l File with Variables ariables.csv Select . -
Weights =N Calibri -1 - standard S=Einfigen = X v 47~
[ select Subjects (Conn watro) | ’: NoChange ©ff ) Bav F &£ U- A A W0 Fioschenr | @ 4
I [ Create Connectivity Matrix ] S —— e 7 6 5% o BiFomat- | @2+
Subjects Zwischenablage = Schriftart (] Ausrichtung (] Zahl (] Zellen Bearbeiten
- e L19 - (- fe v
p A | 8 | ¢ [ o | E 3 & | nu | I s
: iScan_E) Subj_E) e sex research_sitflQ \ating_contek edr_pong_sfzntasy_score
: _LWEMJE 2. female MNew York 100 13 13 68,1
i | 3 |sample_02a sample_02 4 female New York 130 15 15 23,9
D chme e dereame illl 2 sample_03a sample_03 2 female New York 115 21 21 28,8
| | d |I| 5 sample_04a sample_04 2\, female Paris 98 10 10 40,2
_ 6 sample_05a sample_05 2. female Paris 55 20 20 43,4
Start: lII End (remaining characters): EEEER 7 |sample_06a sample_06 3. female Paris 120 17 17 43,5
) ) randomized subject dal|| g | sample_07a sample_07 31, female Paris 80 16 16 32,1
Corr Matrix Array (null model network) | .
9 sample_08a sample_08 3 male Paris 99 15 15 37
Sawe interim results Parallel Workers: II' 10 sample_0%a sample_09 39 male Paris 65 25 25 46,8
Raw Matrix (link wisel[| 11 sample_10a sample_10 46 male Paris 140 23 23 43,5
TR 12 sample_11a sample_11 3 male London 122 13 13 43,4
13 sample_12a sample_12 46 male London 130 23 23 46,8
["] connectivity Thr. ([ 14 'sample_13a sample_13 4 male London 111 19 19 46,8
15 sample_l14a sample_14 47 male London 82 14 14 419 _
045 16 sample_15a sample_15 3! male New York 79 16 16 0,2
04 17 sample 01b sample 01 ] 2 female  NewYork as 13 25 68,1
gis 18 sample_02b sample_02 4 female New York 47 15 23 23,9
025 19 |sample_03b sample_03 20 female New York 53 21 18 28,8
02 20 sample_04b sample_04 2\, female Paris 56 10 23 40,2
315 21 sample_05b sample_05 2. female Paris 62 20 19 43,4
O dDI1C 009 22 sample_06b sample_06 3. female Paris 66 17 14 43,5
Rl 23 sample_07b sample_07 35 female Paris 63 16 47 32,1
a7 24 sample_08b sample_08 3 male Paris 73 15 53 37
O = ariable epeated Weights 25 sample_09b sample_09 3 male Paris 63 25 47 46,8
. Il 26 |sample_10b sample_10 46 male Paris 43 23 53 43,5
@ Mo Change () 1
ANG O ariaple - 27 sample_11b sample_11 3 male London 64 13 56 43,4
= = ] TR R R 28 sample_12b sample_12 46 male London 58 23 62 46,8
29 sample_13b sample_13 4. male London 51 19 66 45,8
S 30 sample_14b sample_14 47 male London 46 14 63 41,9
31 sample_15b sample_15 35 male New York 71 16 31 40,2 i

4 < ¥| Tabellel ~Tabele2 . Tabele3 i e ! —
Bereit El 100 % "



* Select the ,Variables_Within_Design“ sheet under .../workspaces/SampleWorkspace
Notice: Scan_ID (one subject = T1: sample_01a, T2: sample_01b) and Subj_ID (sample 1)

rn Select rows * Elglg

Please select Variables: First selection(Radio
button}= Variable with name; Second selection =
“arables.s dbeyseable for correlation/aroup

@ |:| Scan_ID
© 7] Subj 1§
[#] age
© ¥ sex

) [7] research_site

O T . . . po
© o oo e Select the ,Scan_ID“ as file identifier

© @ tetoo s * Select also ,,Subj ID* as subject ID

* Select: age, sex, and IQ




Navigate to GraphVar/workspaces/SampleWorkspace/data/CorrMatrix_Within_Design

Select all 15 subjects (i.e., 30 files as 1 subject = T1: sample_01a, T2: sample_01b)

I GraphVar - Chilli Conteay

— General Settings-

‘Variables.cav

Select Subjects (Conn Matrb) |

Brain regions files

File with Variables

Create Connectivity Matrix

Subjects

Subjectname in Filename

Start: III End (remaining characters):

Parallel Workers: II'

Save interim results

— Network Construction

'I'hrnuhnl.rl
|7:) Significant (@) Relative

) Absolute () SICE
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’T:@ No Change (7 absolute weights
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s
|
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——
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— Network Calculations
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Select file(s)
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Switch Workspace

]l Open Previous Results ]

&
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Typ

GroBe

@ CorrMatrix_sample_01a 03.09.2014 18:06 Microsoft Access ... 199 KB
_ Raw Matrix !I: @ CorrMatrix_sample_ 01b 03.09.2014 18:06 Microsoft Access ... 199 KB
T | @ CorrMatrix_sample_02a 03.09.2014 18:06 Microsoft Access ... 200 KB
#H CorMatrix_sample_02b 03.09.2014 18:06 Microsoft Access ... 199 KB
L] connect A CorrMatrix_sample_03a 03.09.2014 18:06 Micrasoft Access ... 199 KB
{#H CorMatrix_sample_03b 03.09.2014 18:06 Microsoft Access ... 200 KB
E CorrMatrix_sarmple_04a 03.09.2014 18:06 Microsoft Access ... 199 KB
E CorrMatrix_sample_04b 03.09.2014 18:06 Microsoft Access .. 200 KB
E CorrMatrix_sample_05a 03.09.2014 18:06 Microsoft Access .. 200 KB
E CorrMatrix_sample_05b 03.09.2014 18:06 Microsoft Access .. 199 KB
CorrMatrix_sample_06a 03.09.2014 18:06 Microsoft Access ... 199 KB

| p
.UUB G @ CorrMatrix_sample_06b 03.09.2014 18:06 Microsoft Access ... 199 KB
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oor = & CorMatrix_sample_07b 03.09.2014 18:06 Microsoft Access ... 199 KB

(]
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’ Offnen
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* Highlight the Scan_ID

* Select all nodes, threshold 0.1, and local efficiency

e GLM: sex as between factor

— General Settings-

Brain regions files

=
fithin_Design xlsx| | Select |

[ seloct Subjscts (Conn Matrix)

File with Variables

[ Create Connectivity Matrix
Subjects
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atrix_VWithin_Design\CorrMatrix_sample_03a.mat
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Subjectname in Filframe
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Start: End (remaining characters): III

Parallel Workers: II'

Save interim results

— Network Construction

@ Relative

() Absolute () SICE
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Binary: Graph radius - UNDVDIR
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Generate

randomized subject data
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Use random network to calc smallweridness

l ‘Calculate variables and export

i

GrapVar
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— Raw Matrix (link wise).
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’7@' parametric
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() rand MW () permutation
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Switch Workspace

]l Open Previous Results ] l Load interim results ] | Statistics with already calculated values “

Calculate & Statistics




Click on ,,Select Within ID“
And highlight the ,Subj_ID“

P Grophvar - Chulli Conte

I Settings

BrainRegions.csy
Cilsers\kruschy| | Select

[ select Subjects (Conn Matro) |
[ Create Connectivity Matrix |

Subjects
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C\lUsersikruschwilDeskiopinew'\neue Version 1
C\lsersikruschwilDesktopinew'\neue Wersion t
Clsersikruschwillesktopinew\neus YWersion t
C\lUsersikruschwilDeskiopinew\neue Wersion t

C:\Users\kruschwiDesktopinewineue Versiont ™
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Brain regions files
File with Variables

Subjectname in Filename

| CorrMatrix_sample_01a.mat |

Start; End (remaining characters): |I|
———
Parallel Workers:| 0

Save interim results

— Metwork Construction.
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— Weigh
No Change () absolute weights () negative

Network nodes / Brain areas Network thres

research_site
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Switch Workspace
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* The Within deviding field will appear as such on the button
* ,Calculate & Statistics”

—

I — General Settings. — Network Construction "?

Brain regions files BrainRegions.csv - _Thresrn_ - ’_\ — — — Network Calculations
I () Significant @ Relative () Absolute (O SICE  (C) Mone
File with Variables. fithin_Design.xlsx| | Select

Calculate graph metrics

[ Sselect Subjects (Conn Matrog

Weights.
’7@) No Change () absolute weights () negative weights to zero Brain graph metrics

[ Create Connectivity Matrix ] Network nodes / Brain areas Network thresholds Binary: Eccentricity - UND/DIR
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q ’T' v . Binary: Graph diameter - UNDVDIR
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Subjectname in Filename 4 L1} 3

CorrMatrix_sample_01a.mat | Normalize graph metric with random networks

- X Generate
Start: - End (remaining characters): III Use random network to calc smalworldness

randomized subject data
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Parallel Workers: II' _

— Raw Matrix (link wise) — GLM

Raw matrix Wariables Between covariates
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(]
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Save interim results
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‘Graph metrics.
@ No Change () absolute weights parametric () rand N () permutation

— Raw matrix
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Switch Workspace H Open Previous Results Load interim results l | Statistics with already calculated values | ’I Calculate & Statistics I




After Bonferroni correction we can observe a significant difference in change of local efficiency

between T1 and T1 as a function of sex (i.e., females as comnpared to males have a stronger change
in local efficiency between T1 and T2)

Wariable Graphvar Threshold Brain Areas Show Vars/Areas with more than
Al :

Intercept
36X

Significant | Fitter | |No vie function + |

Save
efficiency_local_bin

| Hide non Significant I Export Data || Show p-Values | Alpha Level |0.05 | Load
c |}

Corrected Alpha Level
Bonferroni correction w7 0.00021552
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HraTT T
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ariables: sex
D.78816
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4. Within design Il

(change of efficiency
and behavior T1 T2)

Research option 2 - example:

investigate the association between a changing independent
variable (e.g. cognitive function in T1 and T2) and the change of
a dependent network variable (e.qg. network efficiency in T1 T2)



* Select the ,Variables_Within_Design“ sheet under .../workspaces/SampleWorkspace
* Notice: Scan_ID (one subject = T1: sample_01a, T2: sample_01b) and Subj_ID (sample 1)

|| — General Settings- — Network Construction =
Brain regions files [SBbd ’_'I\'hre.shl.:rlcl =
e X ] () Significant (@ Start Einfligen Seitenlayout Formeln Daten Uberprifen Ansicht AN 7 MR
l File with Variables ariables.csv Select . -
Weights =N Calibri -1 - standard S=Einfigen = X v 47~
[ select Subjects (Conn watro) | ’: NoChange ©ff ) Bav F &£ U- A A W0 Fioschenr | @ 4
I [ Create Connectivity Matrix ] S —— e 7 6 5% o BiFomat- | @2+
Subjects Zwischenablage = Schriftart (] Ausrichtung (] Zahl (] Zellen Bearbeiten
- e L19 - (- fe v
p A | 8 | ¢ [ o | E 3 & | nu | I s
: iScan_E) Subj_E) e sex research_sitflQ \ating_contek edr_pong_sfzntasy_score
: _LWEMJE 2. female MNew York 100 13 13 68,1
i | 3 |sample_02a sample_02 4 female New York 130 15 15 23,9
D chme e dereame illl 2 sample_03a sample_03 2 female New York 115 21 21 28,8
| | d |I| 5 sample_04a sample_04 2\, female Paris 98 10 10 40,2
_ 6 sample_05a sample_05 2. female Paris 55 20 20 43,4
Start: lII End (remaining characters): EEEER 7 |sample_06a sample_06 3. female Paris 120 17 17 43,5
) ) randomized subject dal|| g | sample_07a sample_07 31, female Paris 80 16 16 32,1
Corr Matrix Array (null model network) | .
9 sample_08a sample_08 3 male Paris 99 15 15 37
Sawe interim results Parallel Workers: II' 10 sample_0%a sample_09 39 male Paris 65 25 25 46,8
Raw Matrix (link wisel[| 11 sample_10a sample_10 46 male Paris 140 23 23 43,5
TR 12 sample_11a sample_11 3 male London 122 13 13 43,4
13 sample_12a sample_12 46 male London 130 23 23 46,8
["] connectivity Thr. ([ 14 'sample_13a sample_13 4 male London 111 19 19 46,8
15 sample_l14a sample_14 47 male London 82 14 14 419 _
045 16 sample_15a sample_15 3! male New York 79 16 16 0,2
04 17 sample 01b sample 01 ] 2 female  NewYork as 13 25 68,1
gis 18 sample_02b sample_02 4 female New York 47 15 23 23,9
025 19 |sample_03b sample_03 20 female New York 53 21 18 28,8
02 20 sample_04b sample_04 2\, female Paris 56 10 23 40,2
315 21 sample_05b sample_05 2. female Paris 62 20 19 43,4
O dDI1C 009 22 sample_06b sample_06 3. female Paris 66 17 14 43,5
Rl 23 sample_07b sample_07 35 female Paris 63 16 47 32,1
a7 24 sample_08b sample_08 3 male Paris 73 15 53 37
O = ariable epeated Weights 25 sample_09b sample_09 3 male Paris 63 25 47 46,8
. Il 26 |sample_10b sample_10 46 male Paris 43 23 53 43,5
@ Mo Change () 1
ANG O ariaple - 27 sample_11b sample_11 3 male London 64 13 56 43,4
= = ] TR R R 28 sample_12b sample_12 46 male London 58 23 62 46,8
29 sample_13b sample_13 4. male London 51 19 66 45,8
S 30 sample_14b sample_14 47 male London 46 14 63 41,9
31 sample_15b sample_15 35 male New York 71 16 31 40,2 i

4 < ¥| Tabellel ~Tabele2 . Tabele3 i e ! —
Bereit El 100 % "



Navigate to GraphVar/workspaces/SampleWorkspace/data/CorrMatrix_Within_Design

Select all 15 subjects (i.e., 30 files as 1 subject = T1: sample_01a, T2: sample_01b)

I GraphVar - Chilli Conteay

— General Settings-

‘Variables.cav

Select Subjects (Conn Matrb) |

Brain regions files

File with Variables

Create Connectivity Matrix

Subjects

Subjectname in Filename

Start: III End (remaining characters):

Parallel Workers: II'

Save interim results

— Network Construction

'I'hrnuhnl.rl
|7:) Significant (@) Relative

) Absolute () SICE

) None

Wainht:

ol
’T:@ No Change (7 absolute weights

() negative weights to zero

Network nodes / Brain areas

Precentral gyrus (Left)
entral gyrus (Right)
perior frontal gyrus, dorsolate|
perior frontal gyrus, dorsolate|
Superior frontal gyrus, orbital pal
Superior frontal gyrus, orbital pa

s
|

Middle front
Middle fronta| =

[« it

Generate

——

Network thresholds

— Network Calculations

Calculate graph metrics

Brain graph metrics

Binary: Assortativity

. Betweenness centrality

- Clustering coefficient global

: Clustering coefficient local

: Characteristic path global

: Characteristic Path local

: Community structure Newman - affiliation

&l »

- Community structure Louvain - affiliation

Select file(s)

Organisieren + MNeuer Ordner

EE=

CorrMatrix Within_Design dur...
0 @

pl

randomized g
(null model ng

Grapar

Switch Workspace

]l Open Previous Results ]

&
o Name

Anderungsdatum

Typ

GroBe

@ CorrMatrix_sample_01a 03.09.2014 18:06 Microsoft Access ... 199 KB
_ Raw Matrix !I: @ CorrMatrix_sample_ 01b 03.09.2014 18:06 Microsoft Access ... 199 KB
T | @ CorrMatrix_sample_02a 03.09.2014 18:06 Microsoft Access ... 200 KB
#H CorMatrix_sample_02b 03.09.2014 18:06 Microsoft Access ... 199 KB
L] connect A CorrMatrix_sample_03a 03.09.2014 18:06 Micrasoft Access ... 199 KB
{#H CorMatrix_sample_03b 03.09.2014 18:06 Microsoft Access ... 200 KB
E CorrMatrix_sarmple_04a 03.09.2014 18:06 Microsoft Access ... 199 KB
E CorrMatrix_sample_04b 03.09.2014 18:06 Microsoft Access .. 200 KB
E CorrMatrix_sample_05a 03.09.2014 18:06 Microsoft Access .. 200 KB
E CorrMatrix_sample_05b 03.09.2014 18:06 Microsoft Access .. 199 KB
CorrMatrix_sample_06a 03.09.2014 18:06 Microsoft Access ... 199 KB

| p
.UUB G @ CorrMatrix_sample_06b 03.09.2014 18:06 Microsoft Access ... 199 KB
008 E @ CorrMatrix_sample_07a 03.09.2014 18:06 Microsoft Access ... 199 KB
oor = & CorMatrix_sample_07b 03.09.2014 18:06 Microsoft Access ... 199 KB

(]

Weights = [ CorrMatrix_sample_08a 03.09.2014 18:06 Microsoft Access ... 199 KB
@ Mo Cha = [ CorrMatrix_sample_08b 03.09.2014 18:06 Microsoft Access ... 200 KB
71 negati l - @ CorrMatrix_sample_09a 03.09.2014 18:06 Microsoft Access ... 200 KB

Dateiname: v [ MAT-files ("mat) -
’ Offnen

] ’ Abbrechen ]




* Highlight the Scan_ID

* Select all nodes, all thresholds, binary , Transitivity“

. GraphVar - Chilli_Contes

=
— General Settings-
Brain regions files
File with Variables

[ Seloct Subjscts (Conn Matrix)

)
’ Create Connectivity Matrix ]
Subjects

atrix_Within_Design\CorrMatrix_sample_01b.mat )

atrix_Within_Design\CorrMatrix_sample_02a.mat

atrix_Within_Design\CorrMatrix_sample_02b.mat

atrix_Within_Design\CorrMatrix_sample_03a.mat

atrix_Within_Design\Corriatrix_sample_03b.mat ™
4 n 3

Subjectname in Fil

Corri@tric_=EEM Ef mat

Start: End (remaining characters):

Save interim results

— Network Construction
— Threst
©) Significant @) Relative (7) Absolute () SICE (7)) None

Weights

Mo Change (O absolute weights (O negative weights to zero

Network nodes / Brain areas

Network thresholds

4 n 3

Generate

randomized subject data
(null model network)

— Metwork Calculations

Calculate graph metrics

Brain graph metrics

Binary: Rich club coefficient - DIR -
Binary: Small World Propensity - UND

Binary, 2uboraph centralte - WHED
Hin i iuluiical nverl.ai - UND
=)

Binary: Transitivity - DIR

Sl LA L = e et g e g
Binary: Within-moedule out-neighbor degree z-scoi
Binary: Participation coefficient - UND

Rinans Darticinatinn nut neinhhar cnafficriant NID

4 {11} (>

Normalize graph metric with random networks

Use random network to calc smallworldness

l Calculate variables and export
Parallel Workers: II|
— Raw Matrix (link wizse) — GLM
Ravmeit Variables Between covariates
Subj ID - -
Connectivity Thr. rtoz age
eating_contest_chill i
Generate fantasy_score Between factors
045 random networks sEX -
.04 [}
035 beer_pong_score i
03 Within covariates
025 -
02 il
015
o™ Nuisance covariates
{009 -
.00 i
007 il 2%
nne - Within ID - Subj ID || Clear Mo Interactions - ]
Weigh Graph metrics.
) No Change () absolute weights ’7'5':) parametric rand MW @ permutation
) negative weights to zero R RS . . .
parametric () rand NW () permutation

Switch Workspace

H Open Previous Results l

l Load interim results l

[ Statistics with already calculated values

l l Calculate & Statistics l




1. GLM: select beer_pong_score as within covariate
2. Select ,,Subj_ID” as within dividing field in the automatic pop-up window

&

— General Settings-

BrainRegions.csw

fithin_Design.xlsx

Brain regions files

File with Variables

I [

’ Create Connectivity Matrix ]

Select Subjects (Conn Matrix) ]

atrix_Within_Design\CorrMatrix_sample_01b.mat )
atrix_Within_Design\CorrMatrix_sample_02a.mat
atrix_Within_Design\CorrMatrix_sample_02b.mat
atrix_Within_Design\CorrMatrix_sample_03a.mat
atrix_Within_Design\Corriatrix_sample_03b.mat ™
4 m 3

Subjectname in Filename

| CorrMatriz_sample_01a.mat |

— Network Construction

— Threst

) Significant

@) Relative

() Absolute

) SICE () None:

Weights.

Mo Change

() absolute weights

() negative weights to zero

Network nodes / Brain areas

e

Network thresholds

Select within 1D field

— Metwork Calculations

(2]

Calculate graph metrics

Brain graph metrics

Binary: Rich club coefficient - DIR -~
Binary: Small World Propensity - UND
Binary: Subgraph centrality - UND

Binary: Topolegical overlap - UND
&D

Binary: Transitivity - DIR

Binary: Within-module degree z-score - UND
Binary: Within-moedule out-neighbor degree z-scoi
Binary: Participation coefficient - UND

=
Rinans Darticinatinn nut neinhhar cnafficriant NID

4 1] [>

Subi ID A Normalize graph metric with random networks
Start: End (remaining characters): = Use random network te calc smallworldness
SEX
research_site l Calculate variables and export
Save interim results Parallel Workers: II| ]
eating_contest_chilli AU
beer_pong_score _V bies ]
fﬂntasy =core ﬂﬂ*‘i Between covariates
- Subj I - -
age
eating_contest_chill i
fantasy_score Between factors
sEX -
[}
S
Within covariates
Nuisance covariates
-
SEGS I - -
G r a p h V a r L ity | Eieag No Interactions V]
Graph metrics
F:) parametric ) rand NW @ permutation
— Raw matrix
[ QK ] [ Cancel parametric ) rand NW () permutation
Switch Workspace H Open Previous Res = - OaU 0 - fatistice with already calculated values l l Calculate & Statistics l




*  Run 1000 permutations
* Calculate & Statistics

.13 GraphVar - Chilli_Contesi

— General Settings-

fithin_Design xisx

Brain regions files

File with Variables

[ Seloct Subjscts (Conn Matrix)

)
’ Create Connectivity Matrix ]
Subjects

atrix_Within_Design\CorrMatrix_sample_01b.mat )
atrix_Within_Design\CorrMatrix_sample_02a.mat
atrix_Within_Design\CorrMatrix_sample_02b.mat

atrix_Within_Design\CorrMatrix_sample_03a.mat

atrix_Within_Design\Corriatrix_sample_03b.mat ™
4 n 3

Subjectname in Filename

| CorrMatriz_sample_01a.mat |

Start: End (remaining characters):
Eap———
Parallel Workers: II|

Save interim rezulfts

— Metwork Calculations

Calculate graph metrics

— Network Construction
— Threst
) Significant @) Relative () Absolute ) None
Weights

No Change (7) absolute weights

() negative weights to zero

Brain graph metrics

Network nodes / Brain areas

4 n 3

Generate

randomized subject data
(null model network)

Network thresholds

Binary: Rich club coefficient - DIR
Binary: Small World Propensity - UND
Binary: Subgraph centrality - UND
Binary: Topolegical overlap - UND

Binary: Transitivity - DIR

Binary: Within-module degree z-score - UND
Binary: Within-moedule out-neighbor degree z-scoi
Binary: Participation coefficient - UND

Rinans Darticinatinn nut neinhhar cnafficriant NID

4 {11} (>

Use random network to calc smallworldness

l Calculate variables and export

Normalize graph metric with random networks

— Raw Matrix (link wizse) — GLK
Raw matrix Variables Between covariates
Subj ID - -
Connectivity Thr. rtoz age
eating_contest_chill i

Generate fantasy_score Between factors
045 random networks sEX -
.04 [}
035 =
03 Within covariates
025 -
02 il
015
o™ Nuisance covariates
{009 -
.00 i
007 il 2%
nne - Within ID - Subj ID || Clear No Interactions - ]

Weigh Graph metrics

) No Change () absolute weights ’7'5'3' parametric rand NW | @ permutation

) negative weights to zero R RS . .

parametric () rand NW | permutation

Switch Workspace

H Open Previous Results l

l Load interim results l

[ Statistics with already calculated values l |I Calculate & Statistics II
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