GraphVar abrief tutorial for getting started

Outline:

1. ExampleinvestigationY chillicontesti 0 Jdndozdiefficiency)
2. Groupcomparison(globalefficiency)

3. Rawconnectivitymatrix and Network BasedStatistics

4. Within design I(changeof efficiencyT1 T2betweenseX

5. Within design ll(changeof efficiencyandbehaviorT1 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: DifferencebetweenGroup Means
F(dfl,df2):Fvalue

d(b): DifferencebetweenStandardized
RegressiofWeights

b: StandardizedRegressioiWeight
t(df): t-Value
p: p-Value

02—

m: Mean
significant

not-significant <«—

Interpreting GraphVamoutput



1. Examplenvestigation chijllicontest’ ( gdnaldradfficiency)

\ Fire Dragon LIBERTY Hypothesis:
Chillies  BREWING CO

. 1. Chillieatingchampsprobablyhavemore efficient brainsx
otherwisethey couldnot dealwith all the pain!

2. Probablyorbito frontal gyrusand supplementarymotor area
contribute hereX somethinglike valuerepresentationsand
motor inhibition 6 Xdortt spitout thesedeliciouschilliest 0

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



Hypothesis:

X | Li2can®yhdchuidbe how muchbeer
somebodyhadto drink before
(i.e.,coolingeffect on the brain)




Usethe right mouseto start GraphVaiby clickingRUN orthe ostart_GraphVaiscript
in the mainfolder

'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 anew? 2 NJ a ICHhillD Sontest

,
[
weone | STE— | ol

GraphVar

Please choose your Workspace

— Create a new workspace

VWorkspace name: | hilli_Contest ‘ Create

— Open an existing Workspace:




B 0 oloesdl) A Thedemo(defaul) dataselectionwindow appearsefer to the manualfor howto changethis)

Please select Variables: First selection{Radio

T anaties shous ne useatie or A Research_sitandsexareinitially not selectedasthesevariablesare encodedas
stringsin the variablespreadsheetX you mayselectthem if youwant

A Hit the okaybutton (or simplyclosethe window)

fantasy_score

eating_contest_chili
beer_pong_score
— General Settings. — Network Constructi ?
Brain regions files BrainRegions.csv ’Im“hnh N - N — Network C
() Significant Relative (O) Absolute (0) SICE  (Z) Mone ‘
(| File with Variables | Variables csv Calculate graph metrics
Weight
[ Select Subjects (Conn Matrog) ] ’7@ Mo Change () absolute weights (©) negative weights to zero ‘ Brain graph metrics
I [ Create Connectivity Matrix ] Network nodes / Brain areas. Network threshoids inary., ity ~UND -
Subjects Binary: Assortativity out-degree/in-degree correle—
p 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

4 m b

Subjectname in Filename

‘ | [7] Normalize graph metric with random networks

- D Generate
Start: lII End (remaining character [ Use random network to calc smallworldness

r i ‘subject data
Corr Matrix Array CorrMatrix (null model network)
[ Calculate variables and export }

Save interim results Parallel Workers: III

— Raw Matrix (link wise)- — GLM

FE - |
e e e _
research_site

- Generate [} Between factors
.045 random networks fantasy_score
.04 eating_contest_chilli
035 beer_pong_score
03 Within covariates
.025
.02
015
01 Nuisance covariates
hi 008 -
R 003 il
007 =
Graph Var -

! Select Within ID No Interactions
igf

raph metrics-

Ok

@ Mo Change absolute weights parametric and NW permutation | #Re
(©) negative weights to zero Raw matr -
9) parametric rand N/ permutation |

Load interim results

Statistics with already calculated values Calculate & Statistics

Switch Workspace " Open Previous Results




A Selected variables whie loadedin the ostatisticswindowd

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

— General Settings.

BrainRegions.cav

Variables.csv Select

Brain regions files

File with Variables

[ Select Subjects (Conn Matrix)

|
[ ‘Create Connectivity Matrix ]
Subjects

Subjectname in Filename

Start: III End (remaining characters):

Parallel Workers: II'

Save interim resufts

— 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

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 ]

E‘ |



A FYlthereisalso ahelp button in the top right!

A Whenhelpis enabled youwill havea mouseoverinfo mostfunctionsof the GUI

[ B

— 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

E]

— 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

Middle frontal gyrus Rinan: Mhistarine cnafficiant lnral MO i
. " 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 culate varial 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 ]




A Now; selectthe subjects(in generalsettingg
A Navigatetothea { I YLI S 2 ghi\skléctsillbjec®Ra30
A t | (i erédphVatworkspacesSampleWorkspaddata/ CorrMatrix

| [ General Settings — Network Construction

B . Threshold
i Brain regions files = " L . — . -
_ ] ) () Significant (@ Relative () Absolute () SICE (O Nene
I File with Variables | Variables cav i
gl
: ’ Select Subjects (Conn Matrix) ] ’T@ No Change () absolute weights () negative weights to zero
Create Connectivity Matrix '
I Network thresholds

Network nodes / Brain areas

Subjects =
Select file(s)

Network Calculations

Calculate graph metrics

Brain graph metrics

Binary: Assortativity

Suchen in: I 1 ComMatrix

Superior fronta

-

~| & @& ek Er

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 Aselectionwindowsappearsaskingfor the arrayin the CorrMatrix.mat file in whichthe
correlationsare saved(here this is CorrMatriy
A Thenamewill subsequentlyappearin the Corr Matrix Array box

— General Settings.

Brain regions files BrainRegions.cav

I File with Variables Variables.csv

[ Select Subjects (Conn Matrix) |
|

|

Subjects

‘Create Connectivity Matrix

Subjectname in Filename

Start: 0 End {remaining characters). |20

— Network Construction

[ B

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

Network nodes / Brain areas

ntral gyrus (Left)

ntral gyrus (Right)

or frontal gyrus, dorsolate]
or frontal gyrus, dorsolate

jor frontal gyrus, orbital pa
Superior frontal gyrus, orbital pal
Middle frontal gyrus (Left)
Middle frontal gyrus (Right)

4 {11} 3

Select the field where r-Values

CorriMatrix F
P'alatri:
BMatrix

Netwaork threshaold

Generate

Corr Matrix Array CorrMatrix

—

randomized subject data
null medel network)

—_—
Save interim results Parallel Workers: | 0

e o
Graph Var

— Raw Matrix (link wise)

Raw matrix

[ connectivity Thr.

045
04

Drtuz

|:| Generate

rancom NETwWorks

@. No Change (:) absolute weights

(:) negative weights to zero

2]

— Faw matrix

|7@ parametric rand N/

permutation

Switch Workspace

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




A Highlightthe subjectIDwith the mouseto providethe referencebetweenthe CorrMatrices
andthe subjectdatain the variablespreadshee(theseshouldbe identica)
A If youdon't wantto do statistics(only calculationof graphmetricsand exporf) no spreadsheets 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 -

Y [ 1] [ 3

Subjectname in Filename

CarrM atrbcm mat

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

Corr Matrix Array CorrMatrix

Sawve interim results




Now, you'll haveto specifya networkin the network constructionpanel(by default AAUabelsare loaded
->the network nodeg brain areasrefer to the obrainregionsfiled seémanua)

Forthis tutorial we specifythe ochilly-responsivenetworka Y
startingfrom Precentralgyrus(left) until Insula(right)

->selectthe 30 consecutivenodeswith your mouseor 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

-

e BRI
Generate

) ] randmio_und
randomized subject data  |randmio_und_connected o

(null model netwaork) fterations.

Binary || Weighted




A Here we wantto constructdifferent networksusingrelativethresholding(i.e.,densitieg

A Simplyselectall the thresholdsin the boxwith octrl+A% seémanualfor how to add more thresholdg

— 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

R TR DUy WU R S

‘ M v
Generate

randomized subject data
(null medel network)

-

B

with

lterations.

randmio_und (|
randmio_und_connected -

Binary || Weighted




Forthis investigationlet’s constructsubjectspecificnull-modelnetworksto calculatecsmallworldness

Here we ONLYgeneratel0 binaryrandomnetworksper subjectper thresholdusingthe
orandomizer_bin_und . fundtion

(for smallworldness normalizationpurposesor non-parametrictestingyouwould normallyuse 100-1000or evenmore X
but thiswill take alot of time)

— Metwork Construction

Threshold
F’jﬁ' Significant @ Relative () Absolute () SICE () Mone

Weights
’:@} 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

randomized subject data
(null medel network)

randmic_und
randmio_und_connected . .
. Al .- fterations.

Binary [ | Weighted




A Aswe havethe hypothesisthat chilli eating champs probably have more efficidmains and that
probablyinsula andorbito frontal cortex maycontribute here, we select:

Binary: Efficiency global
Binary: Efficiency local

A {StSOG Ffaz2z a! alcshbllyordhess y SG 2N 02
A 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

4 1L 3

|:| Mormalize graph metric with random networks

U=e randoem network to calc emallworldneszs

Calculate variables and export




A Inthe GLMpaneladdceating_contest_chilfiandobeer_pong_scor@aspredictorsin the
betweencovariatedield

A Alsoselectthe option to perform permuationtestingwith 1000permutationsper threshold

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

fantasy_score

W

gajaaaaan

1
N,
1

Within covariates

v

M
1

Muizance covariates

1

cclert bl ] Mo Interactions -

— Graph metrics
() parametric rand NW (@ permutation

#Rep

— Raw matrix
i@ parametric rand NW permutation

1000




If you havethe parallelcomputingtoolboxinstalled you maywant to usemore workers(coreg to

speedup the generationof nulkmodelnetworkd

- GraphVar - Chilli_Contest

I — General Settings. — Network Construction
| Brain regions files ’Pr;_uhf‘: { © Roit P — - — Network Cale
I} oignincant (@ Relative () olute () () None i
File with Variables | Calculate graph metrics
Weights
[ Select Subjects (Conn Matrix) ] ’7@) No Change (7) absolute weights (T negative weights to zero Brain graph metrics
[ Creaie Conoechiviy, Moty ] Network nodes / Brain areas Metwork thresholds
Subjects
CAlserstkruschwiDesktopinew\neue Version tjir B!"ﬂl')’i Eigenvector _Centfﬂ"‘t)’ - UND
CAlUserstkruschwiDesktop\newineue Version t E!"ﬂl')’i Flow CDEfﬂC!EHt global - DIR. =
CAlUserstkruschwiDesktop\newineue Version t E!ﬂﬂﬁ"f Flow cnef_ﬂment local - DIR
CAUserstkruschwiDesktopinew\neue Version t Bin any: Graph radius - UND/DIR
CiAUserstkruschwiDesktopinewineue Version t Binary: Graph diameter - UND/DIR
C:\UserstkruschwilDesktop\new\neue Versiont ™ e . Binary: K-coreness centrality - UND
«om 1y Anterior cingulate and paracingu Binary: K-coreness centrality - DIR il
Anterior cingulate and paracingu . E o hine indas 11D
Subjectname in Filename B aie mde e i 4 0 r
- 4 3 -
CorrMatrix_sample_20.mat | - with |:| Normalize graph metric with random networks
oz X Generate -
S End {remaining characters). ) ) randmio_und Usze random network to calc smallworidness
) randomized subject data  |randmio_dir terations
Corr Matrix Array i (null model network) i ) P abies and N
; ; culate variables and expo
Binal Weighted CheckFrag
Save interim results Parallel Workers: E ]| v [0 5!
— Raw Matrix (link wize) GLM
[ Raw matrix Variables Between covariates
[ connectivity Thr. [ rtoz sEx beer_pong_score il
research_site
D Generate (o] Between factors
045 random networks fantasy_score -
04 il
035 — .
B 03 Within covariates
025 -
02 i
015 - -
S 01 Nuisance covariates
- .
- J008 -
RS =]
B Rilil:]
e
Graph V : w0 | )
r a p a r ﬂ_ﬂ_n o Selc ot Witlin 1) |Nu Interactions v]
g Graph metrics.
@ NoChange () absolute weights () parametric  (0) 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

Parallel Computinga(th toolboX




A Youarereadyto goandthusto test the hypothesi$
A | t A OQalclayek 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 ]




A Thiscomputationwill take about 2-3 minutesX

= 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) |




A Thisisthe resultsviewer

Graphvar

uiraciory_L
Intercept

Show Vars/Areas with more than I 5 | Significant |No vis function v Save
5 5 y Olfactory_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)
Brain Areas

v

v

Open Singe Subgect

[Phtconn L J ‘Pers. Vars




To I

Toseethe resultsfor globalefficiencyacrosshresholds selectthe ceating_contest_chilfi
obeer_pong_scor@ effialency_bid and all thresholds(ctrl+A)

Selectiorof brain areasdoesnot havean effecton global variables

FYlthe dinterceptiisthe constantin the GLM (i.e.expectedmean value of Y when a{0)

Wariable Graphwvar Threshold Brain Areas
I ILHTACTONY_L

m I "

MTETCERT | Frontal_Sup_Medial L
T - Frontal_Sup_Medial R

_ smallworldness_bu Frontal_Med_Orb_L

Frontal_Med_Orb R
Rectus_L

Rectus_R

Inzula_L

S 7 all Inzula_R




A Now youshouldseethe associatiorof chilli eatingcontestscores beer pongscoresto globalefficiency
A Thered dotsindicatewherethe correlationis significantaccordingo the desiredalphalevel
(whichyou canchangehere)

—
- Resuls o o5 o3
| Variable Graphvar Threshold Brain Areas Show Vars/Areas with more than EI Signiﬂcant Mo vis function Save
Al - [aa 5
Interce; . [F_xpnrt Data ” Show p-Values ]IAIpha Level Load
efficiency_local_bin Correction &
smallworldness_bu Corrected Alpha Level ’
o .
Variables Graphvars Thresholds Brain Areas
[sekces  v||sekcies < ||sekctes v [sekeed ¥
= bl Insula_R
|
1~
eating_contest_chilli
beer_pong_score
08
06
04
02
0
02
04—
06
V) S R e ) e ) e e s ) s s e

0.1 0.110.120.130.140.150.160.170.180.19 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

l Plot Conn i.] |'I'hreshnld




A Toexplorethe p-valuesacrosshresholdsselectthe oshowp-+ | f dagténa
A Byhitting the button againthe correlationappearsagain

S
Variable Graphvar Threshold Brain Areas Show Vars/Areas with more than EI Significant Mo vis function Save
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A
A

Toplot the non-parametricpredictionof chilli scoresand globalefficiencyderivedfrom the randomdata
(null-modeldistribution with 1000permutationsper threshold, selectonly ceating_contest_chilfi
selectthe correctionmethoda wl Y R2 Y b S i ¢ @ndid|ickA yShiid aimllaknizeX ¢
Theconfidencentervall (accordingo the selectedalphg andthe null-modeldistribution appears
Youcandraganddrop the legend box
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A Youcanalsoexplorethe overlapof the parametricund nonparametricp-values
A Here nonparametricp-valuesare nearlyidenticalto the parametricdistribution

—
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A Byscalingdownthe thresholds we noticethat the associatiorof globalefficiencyand chilli eatingscores

startsat athresholdof 0.19
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A Drivenby this beautiful associatiorof globalefficiencyand chilli eatingscores we now decideto explore
the localefficienciesof allthe regionsin our chilli-responsivenetwork acrosshe thresholdrange0.19-0.5
A Specifythe thresholdrangeandselectthe Graphvarefficiency local_bié

Graphvar Threshold Show Vars/Areas with more than EI Significant Mo vis function = Save
- |All
P o [oumona] [show pstes | v o
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A Hereyouseethe associatiorof localefficiencyof eachof the 30 regionsin the network to the chilli score
A Noticethe mouseoverboxtelling youthe area threshold beta, andp-value

- Results E=NE
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A FYlit is possibleto hide all nonsignificantassociations

Variable Graphvar Threshold Brain Areas Show Vars/Areas with more than 5 | Significant Mo vis function
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A If we a-priori determinedthat only significantassociation®n minimally 10 thresholdswould be meaningful
we canusethe build in filter functionandsetthe numberon 9 (i.e.,thr >9)

o Results

EERTER>
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Subsequentlythe viewerwill only showthe areaswith the specifiedcriteria
Note that theseregionsare highlightedinthea . NJ A yfield. NB | & &
All subsequenactionswill only applyto theseregions(e.g.filtering)

If youwant the full network againyouwill haveto selectall nodes(ctrl+A)

If youhavean aprioir hypothesison specificstructuresyou canalsosimplyselectthosein
thea . NJ A yfield NB I & d
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A Youcanalsochangethe propertiesof the colourmap (right mouseclickon the colourmap)

A Alsousethe colourmapeditor to setthe rangeof correlationsin the clolourbar (e.g.;1to 1)
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A Wethink that theseresultsare meaningfuland decideto saveandto export
theseto a csvfile (whichwe openwith excellater on)
A Onlythingsthat are visiblein the resultswindowwill be exported
Everythingwe havecomputed(globalefficiencyand localefficiencyacrosghresholdg maybe saved
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12 |0.31 0,03861175 0,23483446 0,65653651 0,29155101
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24 0.43 0,00656723 0,26066185 0,54546122 0,07279519
25 0.44 0,01371821 0,19640589 0,44471903 0,20702785
26 045 0,06616693 045628744 0,12384861 0,02041139
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Interpretation

Hypothesis- confirmed!

1. YES Chillieatingchampsprobablyhavemore efficient
brainsX otherwisethey couldnot dealwith all the pain!

2. YESorbito frontal gyrus andhe olfactory gyrus
contribute hereXwith a positivecorrelationof localefficiency
to chillieatingX muchmore spicyinformationtransferhere!
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2. Groupcomparison
(global efficiency)



A Now, we canalsogobackanddecideto to agroupcomparisofANOVA) otthe previously

calculatedefficiencies wherewe regressout the influenceof IQand computethe modelon the residuals
A 1 R Researchsitedasl batweenfactord adda L asénuisancecovariataérand otest againstLl000permd
A Finallyhit oStatisticswith alreadycalculatedvalues

-

" GraphVar - Chilli_Contest (| S 3
E—2 -

— General Settings — Network Construction ?
| S inRegi =t — Network Calculations
Brain regions files BrainRegions.cs\ | Select |

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

File with Variables ariables.cey Select | Calculate graph metrics
i Weights
| [ Select Subjects (Conn Matrix) ] |T§I No Change () absolute weights () negative weights to zero Brain graph metrics
[ Cieate,Conaeciviyhiainig ] MNetwork nodes / Brain areas Metwark threshaolds

Subjects

: Eigenvector centrality - UND
: Flows coefficient global - DIR =
: Flow coefficient local - DIR
: Graph radius - UNDVDIR

: Graph diameter - UNDVDIR

: K-coreness centrality - UND
: K-coreness centrality - DIR

. Elmbmbim o imelmar  DIRITY

UL 4
= ) N
= with Mermalize graph metric with random networks
. i Generate -
Start: End (remaining characters): II' ) ) randmio_und - Use random network to calc smallworldness
) . randomized subject data randmic_dir = | terations.
Corr Matrix Array Corrlatrec {null mode! network) : i

] Bi ] Wei CheckFi
[¥] sSave interim results Parallel Workers:| 32 [l Ginary [F] Weigited
— GLM
ariables
age
kol

ChllzersikruschwiDesktop\new\neue Version tjes

ChlUserstkruschwiDesktopinew\neue Version t

ChlUserstkruschwiDesktopinew\neue Version t

ChlUserstkruschwiDesktopinew\neue Version t

ChlUserstkruschwiDesktopinew\neue Version t

C:\UserstkruschwiDesktop\new\neue Versiont ™
4 (LI} »

Anterior cingulate and paracingu
Anterior cingulate and paracingu

Moo oo

4 I »

P

=

Subjectname in Filename @

[T S R S

CorrMatrix_sample_20.mat |

[ Calculate variables and export

— Raw Matrix (link wise)

Raw matrie Between covariates

) ‘
Connectivity Thr. sz - il
fantasy_score E
Generate eating_contest_chili Between factors
045 E| random networks beer_pong_score -~
.04
035 i
03 VT COvarmates
025 .
e 2
. —_—
o Muisance covariates
.nog o
Jnoa -
- e
007 il — 4
e Sclectiiihinl) |Na Interactions |

Weights Graph metrics
@ Mo Change (O) absolute weights () parametric () rand NW @) permutation #Rep

) ] - — Raw matrix
() negative weights to zero T — — -
1 @ parametric () rand NW () permutation ‘ 1000

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




A Youseethe distribution of Fvaluesacrosshresholdsfor the groupdifferences(i.e.,factor researchsite)
on globalefficiencyandsmaltworldness
A Reddots againindicatesignificance

E=REENx
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A Plotthe paramtericand non-parametricp-valuesx

PFE)
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A Selectonly cefficiency_bird

A Exlplorehow the groupscontribute to this effect by selectinga { K Blidegroupvalugx
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A Examinghe mean2 Feffidency _birifor eachsinglegroup(i.e.,significanceest againstzero)
A Theblueline showsthe groupmeanfor the selectedgroup
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A Performpair-wisecomparisonsy switchingthroughthe groupcontrasts(here: London vsNewYork

A Theblueline showsthe groupdifferencefor the specificcontrast
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A Examinehe permutationtestingderivednull-modeldistribution for the selectedcontrast
A Youcanseehow the confidenceintervallwill changewith decreasingalphavalues(e.g. 0.001)
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3. RawConnMatrix and
Network BasedStatistics



A Lefstry somecomputationson the raw correlationmatriced
A DeselecoCalculategraphmetricgiand only usethe following settingin:

— (Beneral Settings — Metwork Construction ?
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: Edge betweenness centrality - UNDVDIR

Binary: Efficiency local - UND i
i »
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| 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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[ Load interim results I | Statistics with already calculated values

Switch Workspace ” Open Previous Results

Calculate & Statistics l




A Thisisthe interactionof ageand IQ and the raw connectivitiesbetweenthe nodesin the 30x30matrix

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

UITACIOny_L
Olfactory_R

Frontal_Sup_Medial_ L [C] Hide non Significant [Expnrtﬂata ] ’ Show p—Valuas] Alpha Level |0.05 Load

Correction

Corrected Alpha Level
| None - ]

Variables Graphvars Thresholds Brain Areas

[selected  v||Selected v |Selected = ||Selected GstComponent || NBS
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— e
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A Showonlythe significantbrain areasfor the selectedinteractionby selectingthe
ohide non significantibutton
A FYI: irthe dbrain areasfielddyou canalsoselectonly someareasto 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 ~ f'de non Significant | port Data || Show p-Values | Alpha Level |0.05 | Load |
Frontal_Sup_Wedial R L
::] " Frontal_Med_Orb_L - . Corrected Alpha Level
o Frontal_Med_Orb_R 0.05
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A Selectthe non-parametricresultsand applythe Bonferronicorretionmethod: observealsothe
correspondingcorrectedalphalevel (you mayalsotry FDRcorrection)

iEEtie D O e =0 X

Variable Graphvar Threshold Brain Areas Show Vars/Areas with more than 5 | Significant | Fitter | No viz function w | Save |
A «[an - - ;::ggg—; - —
] 7 Hi ;
Iﬁn;:rcept corr_area Frontal Sup_Medial L :"dir:m Significant | Export Data || Show p-Values | Alpha Level |0.05 | Load |
Frontal_Sup_Medial R S
[[o] =i = Corrected Alpha Level
age*ia TETELLEELTI Random Networks/Groups(Bonferroni) v
Frontal Med_Orb_R - 2 5.5558e-05
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Youcannow perform NBS! Notehat for NBShe selectedcorrectionmethodwill providethe p-values
forthe a A y-hknkthrésholdingt heée we take the non-parametricBonferronicorrectedp-valueg
Hitthe a b . Hutbon (for the oget componentbutton pleasereferto thet 5 @ewdeaturesbetan ®c H @

-
ST s O e =1 B
Variable Graphvar Threshold Brain Areas Show Vars/Areas with more than 5 | Significant | Fitter | No viz function w | Save |
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Iﬁn;z:rcept corr_area Frontal Sup_Medial L rI;hde ::n Significant | Export Data || Show p-Values | Alpha Level |0.05 | Load |
Frontal_Sup_Medial R prrecton
[[o] =i = Corrected Alpha Level
age*ia TETELLEELTI Random Networks/Groups(Bonferroni) v
Frontal Med_Orb_R . i 5.5558e-05
Rectus L Variables Graphvars Thresholds Brain Areas 1
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The initiatlink thresholdis carriedoverfrom the resultsviewer (here: nonparametriq

Andobservea significantgraphcomponentcomprisedof 12 nodesfor the interaction
Theselectionboxallowsyouto plot positiveand or negativeassociationghere we only havepositive)
Pleaseefer to the Manualfor howto interpret andto usethe NetworklInspector

Too To oo T
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A Alsousethe oshowall labelsiandoEnablea 2 dza S  th eZfokethis component

age™ia o -

5.5556e-05 Apply Alpha
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A Youcanexportthe graphcomponentin matrix format (.csy) but also irPajeckPAJformat for
other visualizatiorpurposes

- Metwork Inspector

5.5556e-05 Apply Alpha
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A Youcanalsodirectly openthe graphcomponentin BrainNetViewe(Xia et al.)f this niceviewerisinstalled
A INFOBrainNetViewemusbe addedto the MATLABath with subfolders

Show alllables. age’la = - 5.5556e-05 Apply Alpha Previous 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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4. Within design |
(changeof
efficiencyT1 T2)

Researcloption 1 - example
iInvestigatethe associatiorbetweena constantindependent

variable (e.gsexor genotypg anda changingdependent
networkvariable (e.gefficiencyin Tland T2)



A Selectthe dvariables_Within_Desigrsheetunder X workspacesSampleWorkspace
A Notice Scan_IOone subject=T1: sample_0l1a, T8ample _0lband Subj_ID(sample 1)

-
— General Settings. — Network Construction =
Brain regions files [SBbd ’_'I\'hre.shl.:rlcl e
e X ] () Significant (@ Start Einfligen Seitenlayout Formeln Daten Uberprifen Ansicht AN 7 MR
|| File with Variables Variables.csv Select
Weights =N Calibri -1 - standard S=Einfigen = X v 47~
[ select Subjects (Conn watro) | ’:g;. No Change (@ g By~ F & O~ A A o . ¥ Loschen - | [g)- #4-
Einfigen o0 ormatvorlagen|
- ] 0 . EDImail) -
I [ Create Connectivity Matrix ] Network nodes / Brai 4 DlieC i Foma <
Subjects Zwischenablage = Schriftart (] Ausrichtung (] Zahl (] Zellen Bearbeiten
- = L19 - (- fe v
p A B C D E E G H 1 b
] — — - -
1 Scan_ID Subj_ID e sex research_sitflQ \ating_contek edr_pong_sfzntasy_score
P
- 2. female MNew York 100 13 13 68,1
i 3 sample_02a sample_02 4 female New York 130 15 15 23,9
; - illl 2 sample_03a sample_03 2 female New York 115 21 21 28,8
Subjectname in Filename — —
| 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
Save interim results Parallel Workers: II' 10 sample_09a sample_09 3 male Paris 65 25 25 46,8
Raw Matrix (link wisel[| 11 sample_10a sample_10 46 male Paris 140 23 23 43,5
12 sample_11a sample 11 3. male London 122 13 18 48,4
Raws matrix ple_ ple_
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 35 male New York 79 16 16 40,2
04 17 sample 01b sample 01 2. female MNew York 438 13 25 68,1
gi“ 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
- J
O Al 008 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
0 2 ariablesrepeated 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
AN0 ovarlaple - 27 sample_11b sample_11 3 male London 64 13 56 43,4
() negative weigh
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
g 30 sample_14b sample_14 47 male London 46 14 68 41,9
31 sample_15b sample_15 35 male New York 71 16 31 40,2
ad

4 4 % ¥| Tabellel Tabele2  Tabele3 i ] —— 0

n: d
Bereit 0 100%



A Selectthe dvariables_Within_Desigrsheetunder X workspacesSampleWorkspace
A Notice Scan_IOone subject=T1: sample_0l1a, T8ample _0lband Subj_ID(sample 1)

rn Select rows , @EIQ

Please select Variables: First selection(Radio
button}= Variable with name; Second selection = i
“adables should be y=eable for correlation/aroup I

A Selectthe oScan_IDasfile identifier

A{ St S OS8ubjlIBassibjextiD

A Selectage sex andIQ




A Navigateto GraphVatworkspacesSampleWorkspadeata CorrMatrix_Within_Design
A Select all 15ubjects(i.e., 30filesas1 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
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[« 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 ]




A Highlightthe Scan_ID

A Select alhodes threshold0.1,andlocalefficiency
A GLM:sexasbetweenfactor

— General Settings-

Brain regions files

=
fithin_Design xlsx| | Select |

[ seloct Subjscts (Conn Matrix)

File with Variables

[ Create Connectivity Matrix
Subjects

atroc_Within_Design\CorriMatrix_sample_01b.mat
atrix_VWithin_Design\CorrMatrix_sample_02a.mat
atrioc_Within_Design\CerriMatrix_sample_02b.mat
atrix_VWithin_Design\CorrMatrix_sample_03a.mat
atrix_Within_Design\CorrMatrix_sample_03b.mat ™
4 UL 3

Subjectname in Filframe
| Corri trixm mial |

Start: End (remaining characters): III

Parallel Workers: II'

Save interim results

— Network Construction

@ Relative (7) Absolute (7) SICE (0) None

Th res hold.
|7CII Significant

Wainht:

(7) absolute weights () negative weights to zero

ol
’:@ No Change

Network nodes / Brain areas

ot

Generate

randomized subject data
(null model network)

— Network Calculations
Calculate graph metrics

Brain graph metrics

Binary: Eccentricity - UNIVDIR

Iobal - UND
Binary: Eigenvector centrality - UND
Eina.ry; Flow coefficient local —_DIR

Binary: Graph radius - UNDVDIR
Binary: Graph diameter - UNDVDIR

Hinare W ~nranace ~antraline MO

1 L +

Nermalize graph metric with random networks

Use random network to calc smallweridness

l ‘Calculate variables and export

i

GrapVar

— GLM

— Raw Matrix (link wise).

Raw matrix Variables

Between covariates

Subj_ID
rtoz age

(]
Generate
random networks

Connectivity Thr.

045
o E
035
.03

025

eating_contest_chill
beer_pong_score
fantasy_score

Between factors

Within covariates

Nuisance covariates

Weights

Select Within ID

No Interactions

Graph metrics

’7@' parametric () rand MW () permutation

Raw matrix
parametric

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

Mo Change () absolute weights

negative weights to zero

O rand NW () permutation

Switch Workspace Calculate & Statistics




A1 tAO1 2wihinl{5%t SO0
A Andhighlightthe oSubj_ID

P Grophvar - Chulli Conte

— Metwork Construction.

. . --5 Threshol
FrrEE BrainRegions.cs» ’7(5 :i:niﬁcant Relative (C) Absolute () SICH

File with Variables Ci\lUsers\kruschy | Select

— Weigh
No Change () absolute weights () negative

[ select Subjects (Conn Matrix)

[ £ gityityBairs ] Network nodes / Brain areas Network thres
Subjects
C\Users\kruschwiDesktiopinew'\neue Version ties
C\lUsersikruschwilDeskiopinew'\neue Version 1 ]
C\lsersikruschwilDesktopinew'\neue Wersion t . e

eating_contest_chill
Clsersikruschwillesktopinew\neus YWersion t b - -
C\lUsersikruschwilDeskiopinew\neue Wersion t SET_pong_score
C:\Users\kruschwilDesktop\new'\neue Version t ™ fantasy_score
‘ mw. b

research_site

Subjectname in Filename
| CorrMatrix_sample_01a. mat | - random networks

=
Start: End (remaining characters): |I| Generate smallworldness
- randomized subject data
Corr Matrx Array (nu model ntwork)

Save interim results Parallel Workers:| 0

— Raw Matrix (link wise)
Raw matrix
[] connectivity Thr. [Jrtoz

[] Generate
random networks

Nuisance covariates

| Mo Interactions

raph metrcs.
’7 parametric () rand NW (O permutation
— Raw matrix
’7@ parametric rand NW permutation

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

Switch Workspace H Open Previous Results l l Load interim results Statistics with already calculated values | ’




A TheWithin devidingfield will appearassuch orthe button
A oCalculate 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
Subjects Binary: Edge betweenness centrality - UNDVDIR

latrix_WWithin_DesigntCorrMatrix_sample 01a. matjes %D
atrix_\Within_Design\CorrMatrix_sample_01b.mat ! . . "
atrix_Within_Design\CorrMatrix_sample_02a.mat ! E!nary: Bigenvector pentralrty - UND
atrix_Within_Design\CorrMatri_sample_02b.mat : Binary: Flow cosfficient global - DIR
atrix_Within_Design\CorrMatrix_sample_03a.mat ! Binary: Flow coefficient local - DIR

atrix_\Within_Design\CorrMatrix_sample_03b.mat ~ : Binary: Graph radius - UNDIDIR
q ’T' v . Binary: Graph diameter - UNDVDIR

Hinare W rnranaee ~antralihe  IND

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
Corr Matrix Array (null model network) ’ — E— -
[ checkfrag | = voreliEs e
Parallel Workers: II' _

— Raw Matrix (link wise) — GLM

Raw matrix Wariables Between covariates
Subj ID
Connectivity Thr. rtoz age

(]
Generate eating_contest_chilli Between factors
045 random networks beer_pong_score

.04 El fantasy_score
035
03 Within covariates

Save interim results

Nuizance covariates

1 E-t- = s

G r a p h V a r ) _;ICIear |Nulnterac‘tiun5
‘Graph metrics.
@ No Change () absolute weights parametric () rand N () permutation

— Raw matrix
’7@ parametric () rand N (0) permutation

() negative weights to zero

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




A After Bonferronicorrectionwe canobservea significantdifferencein changeof localefficiency

betweenTlandT1asafunctionof sex(i.e.,femalesascomnparedio maleshavea strongerchange
in localefficiencybetweenTland T2)

Wariable

Graphwvar Threshold Brain Areas

Show VarslAreas with more than | 5 | Significant | Fitter | | No vie function + | Save
All - - 10

-

Intercept efficiency_local_bin

I | Hide non Significant I Export Data || Show p-Values | Alpha Level [0.05 | Load
36X fad X

Corrected Alpha Level
Bonferroni correction w7 0.00021552
£3 UL g

HraTT T
Selected | Selected ¥ | Selected ¥ ||Selected

-

Paracentral_Lobule_L
ariables: sex
D.78816

.9307e-05

40 60 70 80

100

sex_female-sex_male=0 b ‘ZH Open Single Subject Hz‘

Plot Conn Meanhatrix




4. Within design |

(change of efficiency
and behavior T1 T2)

Researcloption 2 - example

Investigatethe associatiorbetweena changingindependent
variable (e.gcognitivefunctionin Tland T2)andthe changeof
a dependenmietworkvariable (e.gnetworkefficiencyin T1 T2)



A Selectthe dvariables_Within_Desigrsheetunder X workspacesSampleWorkspace
A Notice Scan_IOone subject=T1: sample_0l1a, T8ample _0lband Subj_ID(sample 1)

-
— General Settings. — Network Construction =
Brain regions files [SBbd ’_'I\'hre.shl.:rlcl e
e X ] () Significant (@ Start Einfligen Seitenlayout Formeln Daten Uberprifen Ansicht AN 7 MR
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