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How to do cross-sectional network analyses?

A 6,5-minute tutorial of Pnet, utilizing
Exponential Random Graph Models (ERGMs, p*)

> GiJs Huitsing, René Veenstra, Peng Wang, and the
WALM-labgroup
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Exponential Random Graph Models

> Analyze complete networks

> They include random effects, capturing the
irregularity of everyday life

> Tie formation is assumed to depend on others.

e For example, sharing many friends makes the
establishment of a friendship more likely

> Homogeneity is assumed, which means that network
parameters are the same for all actors in the network.



w7 university of 1:00 - 1:20
Crns groningen

Network Analyses = Modeling networks

Observed network Estimated network

How?

Needs to be
estimated
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1:20 - 1:40

Network Analyses = Modeling networks

Observed network

Needs to be
estimated

Estimated network

By means of
configurations:

These are subsets of
actors and ties

between them:

e.g.,
-Reciprocity ®o—0

- Indegree distribution %




1:40 - 1:55

university of .
/ groningen Step 1

> Download the program Pnet
> sna.unimelb.edu.au/

Melet

Horne | Ewert= | People | Projectz | p* Models m Publications | Metwork Gallery | Useful Links | Mailing List

PNet

Introduction

Downloads

Intraductian PNet is a program for the simulation and estimation of
Sirmulation Exponential Random Graph (p*) Models.

Estirnation
Goodness of Fit

= Simulation:
Simulate Exponential Random Graph distributions with given parameters.
m Estimation:
Approximate specified network effects or parameters for a given netwark.
= Goodness of Fit:
Test parameter estimates of a model against important features of the observed netwark.

Available Downloads

Required Environment

® Java Runtime Ervironment (JRE)B.0
u Microgoft \NET Framewoark Yersion 1.1 Redistributable Package.
(Mot required, if the C/C++ standard library is installed on your computer.)

PNet for Single Networks
Click on File Marmes to download
(last update 16/02/2010)

Update log update.txt

Readme readme. txd
PHNet Java GUI  |PMet.jar

PHNet DLL pnet. dll
User Manual PMettanual pdf

"PHNet for Dummies™ by Nicholas
Harrigan




WEV iversi 1:55 - 2:05
university of .
s / groningen Step 2:

> Open the program!
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> Provide session name and select folder with the data

bsessor ovch | dssenfolden pisnco | [ anee |

I B

I
I
I

I

1000000
1000
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> Press estimation, provide number of children in the
classroom, and select the network file

piswc | Bowsen. |
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Network file
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- Motepad
Wiew Hel

Format

L like_least_txt

File Edit

[
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> Select the structural parameters
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B Structural Parameter Selection

Directed Graphs
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> Fix the graph density, increase the multiplication
factor (>50), and set the estimation runs to 10
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> Request a GoF (Goodness of Fit)

TET—
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Goodness of fit

> Compares parameters of observed networks with
estimated parameters

> Convergence t-ratio =

(Observed network - Mean simulated networks)

Standard error simulated networks

The smaller the ratio, the less difference between
estimated and observed parameters!

Estimated (<0.10) & unestimated (<2.00) parameters
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> Press Start!

Dry_SRCOYlike_least txt \

[T I =diminy DEgres Far Each Asbors
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> Inspect your results

Step O:

> T-ratios smaller than 0.10

reflect good model
convergence.

4:55 - 525

E' estimation_Labsession_SRCD txt - Notepad
File Edit Fomat Yiew Help

STOCHASTIC ESTIMATION FOR METWORK Labsession_SRCD =]
ESTIMATION SETTIMGS

Mumber of sub-phases in estimation (phase 23 = 5§

starting a-value in estimation (phase 2) = 0.010000

mMultiplication factar for estimation (Ehase 2) = 75

Mumber of steps in final simulation (phase 3) = 500

MWumber of estimation runs = 10

STOCHASTIC APPROXIMATION RUM 1

original statistics:13. 000000 115, 798828
starting parameters:Q, 000000 0. 000000

Phasel started with the following setup:

a = 0.010000

num of steps = 13

num of dterations in each step = 5951.,807851
TR TR TR O RO RO

mean statistics in phasel:7.384615 105.405048
END PHASEL parametar:0. 000000 0. 000000

Phase 2 started

L= R B | QLS el B A S N )y ) rrr =at_i

HHEHHHHEHHEHHE T HHE T HE T HE T HETYHEN
mean statistics in phase3:

Estimation Result for Metwork SUMMARY
MOTE: tT-statistics = (ohservation - sampl

TOHHCHCHOHOHOH

12.97 0

'_C'—l = [ e O NSO . W .

115. 645458

rameter, standard error, t-statistics)
an)Sstandard error

BRI =L S = b = N e T T=T 2L T
reciprocity 0.680335 0.30430 |0, 00521 *
Ains(Z2. 000 1.2598652 0.28083 |0.04210 ¥

> In this classroom, th
a significant number
reciprocal nominatic

> Some children attrac

bre was
of
ns

ted

many nominations
(alternating-in-star)

Subphase 2 has gone up to 65 steps
Parameter after sSubphase 2: 0.63490 1.28492

Subphase 3 started with a walued 0.002500

Subphase 3 has gone up to 344 steps
Parameter after subphase 3: 0.67043 1.31073

Subphase 4 started with a walued 0.001250

Subphase 4 has gone up to 563 steps

Parameter after subphase 4: 0.568033 1.29859
END PHASEZ parameter:0.680335 1.268692

Phase3 started with the following setup:

num of steps = 500

num of iterations in each step = 5951.8075851

T AT RO VTR WO AT LT AW TS EROWTE AT LR N MR R e ———— — —I
mean statistics in phase3:l2. 975000 115. 5458438 I
Estimation Result for Metwork SumMary (parameter, standard error, T-statistics) I
MNOTE: t-statistics = (ohservation - sample mean)/standard error

effects estimates stderr t-ratio 1
reciprocity 0.680335 0.30431 0.00821 %

Ains(2.00) 1.2585652 0. 28083 0.04216 ¥ 1
o e e e e e e e e e e e e e e e
Estimated Covariance Matrix

0.1476%4 0. 0056538

0. 006536 0. OFEBGE

[ |
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> Inspect model convergence

> All t-ratios should be smaller
than 2 to reflect good model
convergence.

> This model is not good,
many parameters are under-
or overestimated

> The solution would be to
include more parameters

Step 10:

5:25-5:55

[P gof_Labsession_SRCD txt - Notepad =] E3
File Edit Fomat Wiew Help
t-statistics = (observation - sample mean)/standard deviation :J
effects ohserved mean stddey  T-ratio
arc o3 G5, 000  0.000 -1.#I0
reciprocity 13 13.171 2.634 -0. 065
Z-in-star 251 226,418 19,508 1.260
2-0ut-star 285 176,287 10,393 10,460
3-in-star 4504 366,087 77 187 1.657
3-out-star 654 208,319 37,985 11,733
path2 318 36l. 838 J1.181 -Z.070
T1 0 0.457 0.723 -0.632
T2 7 g.044 3.699 -0.183
T3 26 23.525 B.773 0.282
T4 13 14.407 5.196 -0.271
TS 26 11,792 4,685 3.033
TG 24 17,471 7F.960 0,820
T7 121 126,320 27,001 -0.1091
TS 154 100,992 24,138 2,196
TS(030T) 117 83.308 12.687 Z.B85%6
TLO(030C) 19 22.664 5,485 -0. 668
Sink 5 0,181 0.415 11, 6085
e Ty == T T o
2-1n-star 251 226,418 19, 505 1.280
2-0ut-star 285 176,287 10,3835 10,460
3-1n-star 454 365,067 77,187 1.657
3-out-star 554 208,319 37,085 11.733
pathz 318 361.838 21.181 -2.070
T1 0 0,457 0,723 -0, 632
T2 7 g5.044 5.699 -0.183
LE] 26 23.525% B.TFF3 0. 282
T4 13 14,407 5.1%96 -0, 271
TS 26 11. 792  4.885 3.033
TG 24 17.471 7,960 0. 820
T7 121 126,320 27,901 -0.191
TH 154 100,992 24,138 2.104
TSO30T) 117 83.306 12.687 2.6534
TLOC030C) 1G 22.654 5,485 -0, 668
nr3 = 1 [ O T e -1
AZP-DUCZ. 000 176.176 16l.620 5.146 2.820 —
AZP-TODUCZ2.00) 200,706 206,536 5.8092 —0. 5990
std Dev in-degree dist 3.155 2.760 0.320  1.235
Skew in-degree dist 0.535 0.090 0,272 1.634
std Dev ouf-degree dist 3.612 1.758  0.264 7.013
Skew out-degree dist 0.670  0.234 0.3089 1,092
Corrcoef in-out-degree dists -0.122 0.106 0.201 -1.138
Global Clustering Cto 0.205 0.236  0.033 -0.934
Glohal Clustering Cti 0.233 0.184 0.023 2.145
Global Clustering Ctm  0.368  0.230 0,031  4.442
Global Clustering Ccm  0.17% 0,186 0,037  -0.1093
Glohal Clustering AKC-T 0.332 0.228 0,027  3.793
Global Clustering AKC-D 0.213 0.234 0.029 -0.720
Glohal Clustering AKC-U 0.214 0.184 0.019 1.5664
Glohal Clustering AKC-C 0.183 0.187 0.032 -0.114
ACCEPTAMCE RATE: 00,6517
SAMPLE GECDESIC DISTRIGUTION LI
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Need help??

> See: sna.unimelb.edu.au/

> See the PNet manual,
or the PNet for Dummies

>

guide

Or contact us:

g.e.huitsing@rug.nl

5:55 - 6:15

PNet

Program for the Simulation and Estimation of
Exponential Random Graph (p*) Models

USER MANUAL

Peng Wang
Garry Robins
Philippa Pattison
Department of Psychology
School of Behavioural Science
University of Melbourne
Australia

September, 2009

PNet for
Dummies

An introduction to
estimating exponential
random graph (p*)
models with PNet

Version 1.04

Micholas Harrigan

To download the latest copy of this manual go fo:
IR, 81, LNIMalD e0u UG 3 milEdown
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Now you are also qualified to

perform ERGMs!

www.gmw.rug.nl/~veenstra/



