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INTRODUCTION



Existing multilevel modelling
commands in Stata

Stata provide the xtmixed, xtmelogit and xtmepoisson commands to fit
multilevel models

— Limited range of models can be specified

— Computationally quite slow to fit models

Sophia Rabe-Hesketh and Anders Skrondal provide the g1 1amm command
— Wide range of models can be specified

— Computationally slow to fit models

Other user-written multilevel modelling commands include: h1m,
realcomimpute, runmplus, sabre, winbugs



Multilevel modelling in MLwiN

Estimation of multilevel models for continuous, binary, ordered categorical,
unordered categorical and count data

Fast estimation via classical and Bayesian methods

Estimation of multilevel models for cross-classified and multiple
membership non-hierarchical data structures

Estimation of multilevel multivariate response models, multilevel spatial
models, multilevel measurement error models, multilevel multiple
imputation models and multilevel factor models



TWO-LEVEL MULTILEVEL
MODELS



Two-level variance
components model

Inner-London schools exam scores data set
Classic MLwiN User Manual example
First analysed by Goldstein et al. (1993)

Reanalysed by Goldstein (2010), Rabe-Hesketh and Skrondal (2008),
Rasbash et al. (2009) and others

4059 students nested within 65 schools

normexam;; = By + u; + e;;j
u;~N(0,0,7)
el-j~N(O, O'ez)



sfif Stata/MP 11.2 - [Results] [_[O]
File Edit Data Graphics Statistics User Window Help =
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i Command rc Y 7 . 7 .
/ ! ! / ! ! / 11.2 Copyright 2009 StataCorp LFP
statistics/Data Aanalysis stataCorp
4905 Lakeway Drive
MP — parallel Edition College station, Texas 77845 USA

B00-5TATA-PC http://www.stata. com
979-696-4600 stataf@stata. com

979-696-4601 (fax)

Z-user 2-core 5tata network perpetual license:
serial number: 50110514919
Licensed to: cCentre for Multilevel Modelling
University of Bristol

Motes:
1. (/m# option or -set memory-) 500.00 MB allocated to data
2. (/v# option or -set maxvar-) 5000 maximum variables
running C:“Program Files (x86)“5tatall‘sysprofile.do ...

Name Label Type | Format running C:%Users'glol58profile.do ...
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sfif Stata/MP 11.2 - [Results] [_[O]
File Edit Data Graphics Statistics User Window Help =
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i Command rc Y 7 . 7 .
/ ! ! / ! ! / 11.2 Copyright 2009 StataCorp LFP
statistics/Data Aanalysis stataCorp
4905 Lakeway Drive
MP — parallel Edition College station, Texas 77845 USA

B00-5TATA-PC http://www.stata. com
979-696-4600 stataf@stata. com

979-696-4601 (fax)

Z-user 2-core 5tata network perpetual license:
serial number: 50110514919
Licensed to: cCentre for Multilevel Modelling
University of Bristol

Motes:
1. (/m# option or -set memory-) 500.00 MB allocated to data
2. (/v# option or -set maxvar-) 5000 maximum variables
running C:“Program Files (x86)“5tatall‘sysprofile.do ...

Name Label Type | Format running C:%Users'glol58profile.do ...

use "hitp:ffwrvnwr.bristol ac.ukfcmm/mediafrunmiwinftutorial.dta™, clea
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=fif Stata/MP 11.2 - http:/ fwww.bristol.ac.uk/cmm/fmedia/runmiwin/tutorial.dta - [Results] M=l

File Edit Data Graphics Statistics User Window Help =
EH e E -l - 1HBIE Q
i Command : rc Y 7 . 7 . ®
1 use “http: /fwww.bristol.ac.uk/em... / f /f_—f / /f_/ 11.2 copyright 2009 stataCorp LP
statistics/Data Aanalysis stataCorp
4905 Lakeway Drive
MP — parallel Edition College station, Texas 77845 USA
B00-5TATA-PC http://www.stata. com
979-696-4600 stataf@stata. com

979-696-4601 (fax)

Z-user 2-core 5tata network perpetual license:
serial number: 50110514919
Licensed to: cCentre for Multilevel Modelling
University of Bristol

Motes:
1. (/m# option or -set memory-) 500.00 MB allocated to data
2. (/v# option or -set maxvar-) 5000 maximum variables
running C:“Program Files (x86)“5tatall‘sysprofile.do ...

running C:%Users'glol58\profile.do ...

Mame Label Type | Format
school School ID byte  %9.00 | use "http://www.bristol.ac.uk/cmm/media/runmlwin/tutorial.dta”, clear
student Student ID int %9, 0g
normexanm Age 16 exam scor...  float  %8.0g -
cons Constant byte  %3%9.0g
standlrt Age 11lexam scor... float  %%9.0g

airl Girl byte  9%9.0g
schgend School gender byte  9%9.0g
avsirt School average LR... float  %:9.0g
schawv School average LR... byte  %:9.0g
vrband Age 11 verbalreas... byte  %29.0g
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The runmlwin command syntax

normexam;; = By + u; + e;;
uj~N(O, 0'5)

eij~N(O, O'ez)

. runmlwin normexam cons, ///
level?2 (school: cons) ///

levell (student: cons)



=fif Stata/MP 11.2 - http:/ fwww.bristol.ac.uk/cmm/fmedia/runmiwin/tutorial.dta - [Results] M=l
File Edit Data Graphics Statistics User Window Help =
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i Command rc / 7 . 7 . ®
1 use "http: /fwww.bristol.ac.uk/am... /S /4 f f_/ 11.2 copyright 2009 stataCorp LP
statistics/Data Aanalysis stataCorp
4905 Lakeway Drive
MP — parallel Edition College station, Texas 77845 USA
B00-5TATA-PC http://www.stata. com
979-696-4600 stataf@stata. com

979-696-4601 (fax)

Z-user 2-core 5tata network perpetual license:
serial number: 50110514919
Licensed to: cCentre for Multilevel Modelling
University of Bristol

Motes:
1. (/m# option or -set memory-) 500.00 MB allocated to data
2. (/v# option or -set maxvar-) 5000 maximum variables
running C:“Program Files (x86)“5tatall‘sysprofile.do ...

running C:%Users'glol58\profile.do ...

Mame Label Type | Format
school School ID byte  %9.00 | use "http://www.bristol.ac.uk/cmm/media/runmlwin/tutorial.dta”, clear
student Student ID int %9, 0g
normexanm Age 16 exam scor...  float  %8.0g -
cons Constant byte  %3%9.0g
standlrt Age 11lexam scor... float  %%9.0g

airl Girl byte  9%9.0g
schgend School gender byte  9%9.0g
avsirt School average LR... float  %:9.0g
schawv School average LR... byte  %:9.0g
vrband Age 11 verbalreas... byte  %29.0g

[~
| | |

runmlwin normexam cons, levelZ[school: consg] levell [student: cong]
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=fif Stata/MP 11.2 - http:/ fwww.bristol.ac.uk/cmm/fmedia/runmiwin/tutorial.dta - [Results] M=l
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i Command : rc Y 7 7 7 7

1 use “http: /fwww.bristol.ac.uk/em... / f /f_—f / /f_/ 11.2 copyright 2009 stataCorp LP
2 runmlwin normexam cons, level2(... statistics/Data Aanalysis statacCorp

4905 Lakeway Drive

MP — parallel Edition College station, Texas 77845 USA
s ! = .com
Version 2.23
© Centre for Multilevel Modelling

University of Bristol
Variables Software authors :
Name Jon Rasbash
school
student and
normesam William Browne
Cons =
it Michael Healy
airl Bruce Cameron
schgend Christopher Charlton
avsirt
echav March 2011
vrband We are grateful to the ESRC for their sustained support.
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& MLwiN - [Equations]

B3 File Edit

start | More | stop | 1515

Estimation
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Options Model Estimation Data Manipulation Basic Statistics Graphs Window Help

Resume
macro

Abort
Macro
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normexam,; ~ N(XB, Q)

normexamzj — [)’ UgCOﬂS

Poij = PoT Uyt eoy

] ~N@O, Q) : Qu=

Jj

[ ~ N(0 : =
oo, ~NO. Q0 - 0

Oec0

[ 2
| Ou0

Hame | #+ | - | Add Term | Estimates | Honlinear | Clear | Notation | Responses| Store Help Zooml "I
random | fiwed | iteration 0 I E quations




& MLwiN - [Equations] i

B3 Ele Edit Options Model Estimation Data Manipulation BasicStatistcs Graphs Window Help ;lilil
§tart ﬂare| Stop | IGLS Estimation Abort
e = control.. Macro
normexam;; ~ N(XB, )

Resume
macro

normexam = ﬁ UUCOHS
[)’U_gj = -0.013(0.054) T ug Tt e

g | " NO Q) Q= [0160(0.032) ]

eoy] N Qo) 1 Qe = [ 845(0.019)

-2*loglikelihood(IGLS Deviance) = 11010.648(4059 of 4059 cases in use)

Mame | + | - | Add Term | Estimates | Honlinear | Clear | MNotation | Responses| Store Help Ioomlﬁﬂ j

random | fiwed | iteration 3 I E quations




=fif Stata/MP 11.2 - http:/ fwww.bristol.ac.uk/cmm/fmedia/runmiwin/tutorial.dta - [Results] M=l
File Edit Data Graphics Statistics User Window Help =

e ® Sk F-HBRIE OO

g Command - - use "http://www.bristol. ac. uk/cmm/media/rummlwin/tutorial.dta™, clear B

1 use “http: /fwww.bristol.ac.uk/em... . rurmlwin normexam cons, level2(school: cons) levell(student: cons)
2 runmlwin normexam cons, level2(...

MLWiN 2.22 multilevel model Number of ohs = 4059

Mormal response mode]

Estimation algorithm: IGLS

Mo. of Observations per Group
Level variable Groups M1 nimum Average Maximum
school 65 2 62.4 198

Run time (seconds) = 181.15

Number of iterations = 3

Log Tikelihood = -5505.3242

Deviance = 11010. 648

ROormexam Coef. std. Err. z P=|z| [95% Conf. Interwval]

Name L2 Type | Format cons | -.0131668 .0536254 -0.25 0.806 —.1182706 .091937
school School ID byte  9%9.0g
student Student ID int %9, 0g
normexanm Age 16 exam scor...  float  %8.0g .
cons Constant byte  %9.0g Random-effects Parameters Estimate std. Err. [95% conf. Interwval]
51.3ndlrt .ﬁ.ge 11lexam scor... float  %%9.0g Level 2-
girl Girl byte  %8.0g var{cons) . 1686251 . 0324466 - 1050309 .2322194
schgend School gender byte  9%9.0g
avslrt School average LR... float  ®%9.0g Level 1:
schav School average LR... byte  %8.0g var (cons) 8477613 .(189712 . 8105786 . 8849441
vrband Age 11 verbalreas... byte  %29.0g

| | |
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Add covariates

normexam;; = By + fystandirt;; + fogirl;; + u; + e
uj~N(O, 0'5)

eij~N(O, O'ez)

runmlwin normexam cons standlrt girl, ///
level?2 (school: cons) ///

levell (student: cons)



Include a random slope

normexam;; = By + pystandlrt;; + Bogirl;; + ugj + uyjstandlrt;; + e;;

()-{@. (7))

el-j~N(O, O'g)

. runmlwin normexam cons standlrt girl, ///

level? (school: cons standlrt) ///

levell (student: cons)



Allow for level 1
heteroskedasticity

normexam;; = By + pystandlrt;; + Bogirl;; + ugj + uyjstandlrt;;

+ez,;]-girlij + e3ijb0yij

AR (E S|
({0 (2 )]

. runmlwin normexam cons standlrt girl, ///

level? (school: cons standlrt) ///

levell (student: girl boy, diagonal)



Retrieve the level 2 residuals

normexam;; = By + pystandlrt;; + Bogirl;; + ugj + uyjstandlrt;;

+82ijgirlij + eBijboyij

AR (E S|
({0 (2 )]

. runmlwin normexam cons standlrt girl, ///

level2 (school: cons standlrt, residuals(u)) ///

levell (student: girl boy, diagonal)



Do not pause in MLwiN

normexam;; = By + pystandlrt;; + Bogirl;; + ugj + uyjstandlrt;;

+82ijgirlij + eBijboyij

runmlwin normexam cons standlrt girl, ///
level2 (school: cons standlrt, residuals(u)) ///

levell (student: girl boy, diagonal) nopause



=fif Stata/MP 11.2 - http:/ fwww.bristol.ac.uk/cmm/fmedia/runmiwin/tutorial.dta - [Results] M=l
File Edit Data Graphics Statistics User Window Help =
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- runmlwin normexam cons standlrt girl, level2(school: cons standlrt, residuals(

/ p .
e = > u)) levell(student: girl boy, diagonal) nopause
1 use "hitp: ffwww bristol.ac.ukfom...
2 runmiwin normexam cons, level2(... MLWiN 2.23 multilevel model Number of obs = 4059
3 generate boy = 1 - girl Normal response model
4 runmlwin normexam cons standlrt... Estimation algorithm: IGS
No. of Observations per Group
Level variable Groups M7 nimum Average Maximum
school 65 2 62.4 198
Run time (seconds) 1.56

Mumber of iterations = 4
Log likelihood = -4640.71
Deviance = O281.4199
Mormexam Coef. std. Err. z P=|z| [95% conf. Interwval]
Name Label = cons —-.111534 . 0433072 -2.58 0.010 —-.1964145 —. 0266536
standlrt . 3529361 . 02007 58 27.54 0. 000 . 5135882 . 95922841
school Scheol ID byte  %9.0g girT .1752785 .0324156 5.41  0.000 .1117451 . 238812
student Student ID int %9, 0g
normexanm Age 16 exam scor...  float  %8.0g
::::Ilrt i;:sﬁn:xam ccor... :z:i ::::EE rRandom-effects Parameters Estimate std. Err. [95% conf. Interwval]
girl Girl byte  %9.0g Level 2-
schgend School gender byte  9%9.0g var {cons) 0862511 L0717 S . 0525887 .11991 35
avelrt School average LR... float  %3.0g cov{cons,standlrt) -.0190537 .0066789 . 0059632 .0321441
schav School average LR... byte  %8.0g var (standlrt) . 0148919 044702 . 0061304 . 0236534
vrband Age 11 verbalreas... byte  %29.0g Level 1-
boy float  %:9.0g var{girl) . 53251641 . 0152836 . 4952088 .5551194
ud ul residual estmate  float  %:9.0g var (boy) . 5874345 . 0209983 . 5462786 .6285004
ul ulresidual estmate  float  %%9.0g ;I

ulse uOse residual stan...  float  %469.0g | | |
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=fif Stata/MP 11.2 - http:/ fwww.bristol.ac.uk/cmm/fmedia/runmiwin/tutorial.dta - [Results] M=l
File Edit Data Graphics Statistics User Window Help =
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F
g Command - . test [RP1]var(girl) = [RP1]var (boy) _I
1 use "hitp: ffwww bristol.ac.ukfom... (1) [rRP1]var(girl) - [RP1]var(boy) = O
2 runmlwin normexam cons, level2(...
3 generate boy = 1 - girl chi2( 1) = 5.74
4 runmlwin normexam cons standlrt... Prob > chiz = 0.0166
5 test [RP 1]var(girl) = [RP1]var{boy) .
Mame Label Type | Format "
school School ID byte  9%9.0g
student Student ID int %9, 0g .
normexanm Age 16 exam scor...  float  %8.0g -
cons Constant byte  %3%9.0g -
standlrt Age 11lexam scor... float  %%9.0g )
girl Girl byte %9.0a |,
schgend School gender byte  9%9.0g .
avsirt School average LR... float  %:9.0g -
schawv School average LR... byte  %:9.0g -
vrband Age 11 verbalreas... byte  %29.0g
boy float  %%9.0g . =
il ul residual estimate float  %%8.0g | | | =
ul ulresidual estmate  float  %%9.0g

u0se W0se residual stan... float  %2.0g _
ulse ulse residual stan...  float  %469.0g
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u0 residual estimate

scatter ul u0, yline(0) xline(0) ///
yvlabel (-1 (.25)1) xlabel(-1(.25)1) aspectratio(l)



E
ED “TJTJﬂﬂJ
1 M—H [HHE
| _6 20 40 60
rank of (u0)
egen ulOrank = rank (u0)

serrbar u0 uOse ulOrank, scale(l1.96) yline (0)



i d o
e®®
[ ]
= 7
] i g
’
o~ o®
Y L]
3 2 - 0 1 2 3
uOnscore

summarize ul
generate ulstd = (u0 - r(mean))/r (sd)
generate ulOuniform = (ulOrank - O.5)/_N
generate uOnscore = invnorm (uOuniform)

scatter uOstd uOnscore, yline(0) xline(0) ///
vlabel (-3(1)3) xlabel (-3(1)3) aspectratio(l)



0 1 2
1 1 ]

-1

Predicted age 16 exam score for boys

-2

Age 11 exam score (standardised)

generate prediction = b[cons]*cons ///

+ Db[standlrt ]*standlrt + u0 + ul*standlrt

sort school standlrt

line xbu standlrt, connect(a) ///

yvtitle (“"Predicted age 16 exam score for boys”)



Level 2 variance function
2
1

I I T T
-4 -2 0 2 4
Age 11 exam score (standardised)

twoway (function [RP2]var(cons) + ///

2% [RP2]cov (cons\standlrt)*x + ///
[RP2]var (standlrt) *x*2, ///

range (standlrt)), ///
ytitle ("Level 2 variance function") ///

xtitle("Age 11 exam score (standardised)")



MULTILEVEL MODELS FOR
BINARY RESPONSES



The runmlwin command syntax

binexam;; ~Binomial(1, nl-j)

lOgit(T[ij) = BO + Blstandlrtij + ﬂzglrlu + uoj + uljstandl‘rtij
(uoj') -~{(©) G0
Uij 0/"\owo1 041

runmlwin binexam cons standlrt girl, ///
level? (school: cons standlrt) ///

levell (student:) ///

discrete(dist (binomial) link(logit) denom(cons))



=5_E Stata/MP 11.2 - http:/ f'www.bristol.ac.uk/cmm/media /runmibwin /[tutorial.dta - [Results]
File Edit Data Graphics Statistics User Help =
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Window

g Command - - gen binexam = (normexam-0)
1 use "ttp: /fwww.bristol.ac.ukfam... . rurmlwin binexam cons standlrt girl, level2(school: cons standlrt) levell(stud
2 runmiwin normexam cons, level2(... > ent:) discrete(distribution(binomial) Tink(logit) denominator(cons)) nopause
3 generate boy = 1 - girl . .
4 runmiwin normexam cons standlrt. .. E_IL"';_I”D“N“ i‘l Z%Dmglt; -legvg;l'liﬂemrldlg-lde'l Number of obs = 4059
3 test [RP 1Jvar(gir) = RP1]var(bay) Estimation g'l gori tﬁm: IGS, MoLl
f gen binexam = (normexam =0)
7 runmiwin binexam cons standirt gi...
No. of Observations per Group
Level variable Groups M i mum Average Maximum
school 65 2 62.4 198
Run time (seconds) = 1.50
Number of iterations = 6
binexam Coef. std. Err. z P=|z| [95% Conf. Interwval]
Name L2 Type | Format cons | -.0479964  .101761 -0.47 0.637  —.2474444  .1514515
school Scheol ID byte  %9.0g standIrt 1.232918 .0581067 21.22  0.000 1.119031 1. 346805
student Student ID int %%:9.0g girl . 186636 . (956229 1.95 0. 051 —. 7814 . 3740534
normexanm Age 16 exam scor...  float  %8.0g
cons Constant byte  %3%9.0g
standirt Age 1lexamscor.. float  %8.0g random-effects Parameters Estimate  std. Err. [95% conf. Interwval]
airl Girl byte  9%9.0g
schgend School gender byte  9%9.0g Level 2:
avsirt School average LR... float  %:9.0g ( Var (g_lﬂﬂfrg . 3?01322 . 3222152 ﬂggﬁg‘% . Ei%i?gg
covicons,standlrt .0444 . 039444 - .
schav School average LR... byte  %3.0g var (standirt) .06152 .0364277 ~.009877  .1329169
vrband Age 11 verbalreas... byte  %29.0g ||
boy float  %%9.0g ;I
il ul residual estimate float  %%8.0g | |
ul ulresidual estmate  float  %%9.0g
u0se u0se residual stan... float  %29.0g
ulse ulse residual stan...  float  %469.0g
binexam float  3%9.0g
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Refit the model using PQL?2

binexam; j~Binomial(1, T j)

logit(nij) = Bo + Bistandlrt;; + B, girl;; + ug; + uqjstandlrt;;

(o) wf@.( )l

. runmlwin binexam cons standlrt girl, ///

level? (school: cons standlrt) ///
levell (student:) ///
discrete (d(binomial) 1 (logit) de(cons) pgl2) ///

inlitsprevious



=5_E Stata/MP 11.2 - http:/ f'www.bristol.ac.uk/cmm/media /runmibwin /[tutorial.dta - [Results]
File Edit Data Graphics Statistics User Window Help =
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g Command - . rurln'lm'r_'l hiriexam_cuns_sl:ar_ﬂ'lrt r_;_|1'r'l, 'h_ave'lz(scl'm'l: cons sl:ar_ﬂ'!rt} 'Ie1:r211(5tud_|
_ > emnt:) discrete(dist(binomial) Tink(logit) denom(cons) pqgl2) inmitsprevious nopa
1 use "hitp: ffwww bristol.ac.ukfom... - use
2 runmlwin normexam cons, level2(...
3 generate boy = 1 - girl Model fitted using initial values specified as parameter estimates from previous
4 runmiwin normexam cons standlrt. .. > model
3 test [RP 1Jvar(gir) = RP1]var(bay) MLwiN 2.23 multilevel model Number of obs = 4059
6 gen binexam = (normexam »0) Binomial logit response model
7 runmlwin binexam cons standlrt gi... Estimation algorithm: IGS, PQL2
a8 runmiwin binexam cons standirt gi...
Mo. of Observations per Group
Level variable Groups M1 nimum Average Maximum
school B5 2 b2.4 198
Run time (seconds) = 1.81
Number of iterations = 8

L iz R [t binexam Coef. std. Err. z P=|z| [95% conf. Interwval]
school School ID byte  9%9.0g
student Student ID int %%:9.0g cons —. 0367105 1120693 -0.33 0.743 —. 2563622 . 1829413
normexam  Age 16 exam scor... float  %:3.0g standlrt 1. 358886 0642726 21.14 0. 000 1.232914 1.484858
cons Constant byte  %2.0g gir 20012481 1013948 1.98 0.047 0025179 . 3999782
standlrt Age 11lexam scor... float  %%9.0g
airl Girl byte  9%9.0g
schgend School gender byte  %29.0g Random-effects Parameters Estimate std. Err. [95% conf. Interwval]
avsirt School average LR... float  %:9.0g Level 2-
schav School average LR... byte  %3.0g | var (cons) 4740776  .1031501 .2719071 . 676248
vrband Age 11verbalreas... byte  %8.0g cov(cons,stand1rt) .0625434 0491646 —. 0338175 . 1589043
boy float  %:9.0g var (standlrt) . 0764959 .0443148 —. 0103596 .1633514
uld ul residual estimate float  %%8.0g |
ul ulresidual estmate  float %%:9.0g ;I
ulse uOse residual stan...  float  %469.0g | | |
s Viseresiduslstan... - float - %5.00
binexam float  3%9.0g
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SIMULATION STUDIES ARE EASY



ﬁ Do-file Editor - rodriguez and goldman (1995).do
File Edit
J Lj r__.ir Ll!i-' é@i =E| ﬁ =

rodriguez and goldman (1995).do ]

Tools  Wiew

o ECRLE (S

I [=] E3

1 Fet seed 12345

2 postfile MQLL ix £x cx =sigmaf sigmac using "MQLl.dta™, replace

= set obs 2

= generate cx = n - 1

= expand 10

8 Fort cx

T generate cid = n

8 expand 2

£ byzort cid: gen fx = n - 1

10 expand 10

11 bysort cid (fx): generate fid = n

12 expand 2

13 bysort cid fid: gen ix = n - 1

14 expand 10

15 bysort cid fid (ix): gen iid = n

16 generate cons = 1

17 [F] forvalues iteration = 1/10 {

18 display n(3) as txt "Iteration " as res "'iteration'" as txt " of " as res "100"
15 generate o = ronormal (0,1)

20 by=zort cid (£fid iid): replace c = c[l]

21 generate £ = ronormal (0,1)

22 by=zort cid £id (iid): replace £ = £[1]

23 generate v = rbhinomial (1,invlogit(0%*cons + 1%ix + 1*fx + 1*cx + £ + c))
24 runmlwin v cons ix fx cx, level3(cid: consz) levelZ (fid: cons) lewvell(iid:)
25 discrete(distribution(binomial) link(logit) denominator (cons))

26 nopause

27 post MQLL ([FPl]ix) ([FFl]Efx) ([FFl]lcx) (=grt([RBP2]lwvar(con=s))) (sgrt([RP3]var(conz)))
28 drop o £ v

28 —1

30 postclase MOLL

31 use "MQL1l.dta"™, clear

32 tabstat 1xXx £x cx szigmaf sigmac, format(%3.2L)

2
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MCMC ESTIMATION



The runmlwin command syntax

binexam;;~Binomial( 1, r;;
ij ij

logit(nij) = Bo + Bistandlrt;; + B, girl;; + ug; + uqjstandlrt;;
(uof') -~{(©) G0
W 07" \ouo1 01

runmlwin binexam cons standlrt girl, ///
level? (school: cons standlrt) ///
levell (student:) ///
discrete (d(binomial) 1 (logit) de(cons) pqgl2) ///

mcmc (burnin (500) chain (5000)) initsprevious



=fif Stata/MP 11.2 - http:/ fwww.bristol.ac.uk/cmm/fmedia/runmiwin/tutorial.dta - [Results] M=l
File Edit Data Graphics Statistics User Window Help =

e ® Sk F-HBRIE OO

. rummlwin binexam cons standlrt qirl, level2(school: cons standlrt) levell(stud

.| Command A= > ent:) discrete(d(binomial) 1(logit) de(cons)) mcmc(burnin(500) chain(5000)) in
1 use "hitp: ffwww bristol.ac.ukfom... > itsprevious nopause
2 runmlwin normexam cons, level2(...
3 generate boy = 1 - girl MLWiN 2.23 multilevel model Number of obs = 4059
4 runmlwin normexam cons standlrt... E;E?ﬁ;ﬁ} DJ‘IDEH tﬂ; ?iﬁ;r_—'s’e mode ] 1
5 test [RP 1]var(girl) = [RP1]var{boy) 9 ) ! .
f gen binexam = (normexam =0)
7 runmiwin binexam cons standirt gi...
8 runmlwin binexam cons standirt gi... . No. of _ Observations per Group
g runmiwin binexam cons standirt gi... Level variable Groups M1 i mum Average Max1mum
school 65 2 62.4 198

Burnin = 500

Chain = 5000

Run time (seconds) = 27

peviance (dbar) = 4232.10

peviance (thetabar) = 4159. 24

Effective no. of pars (pd) = 72.86
Mame Label Type | Format Bayesian DIC _ 4304. 96
school School ID byte  9%9.0g
student Student ID int %9.0g binexam Mean std. Dev. z ESS [95% Cred. Interval]
normexanm Age 16 exam scor...  float  %8.0g

Constant bvte  ®60.0 cons —. 0347943 .1073479 -0. 32 94 —. 2506524 1779318

cens enstan Y 5' standlrt 1.35652 .0624149  21.73 496 1.231931  1.480608
standrt  Age llexamscor.. float %9.0g gir .1873172  .1005095 1.86 196  —.0023705  .3851183
airl Girl byte  9%9.0g
schgend School gender byte  9%9.0g
avsirt School average LR... float  %:9.0g
achay School average LR... byte  %8.0g Random-effects Parameters Mean std. Dew. ESS [95% Cred. Int]
vrband Age 11 verbalreas... byte  %29.0g Level 2-
boy float  %:9.0g var {cons) .5135376 .1199011 1030 . 3204156 .7B35187
ul ul residual estimate float  %2.0g cov(cons,standlrt) -0668458 .0581714 198 -.0387322 .1982548
ul ul residual estimate ﬂDEt %‘EI.DQ var (Stand-l rt) - DEEZ?B]. - ﬂllﬁfDBZ 9‘9 - 0243263 - 202350‘9
ulse uOse residual stan...  float  %469.0g ;I
ulse ulse residual stan...  float  %469.0g | | |

binexam float  %9.0g

C:WUsersigl9153\Documents CAP NUM OVR gz
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=fif Stata/MP 11.2 - http:/ fwww.bristol.ac.uk/cmm/fmedia/runmiwin/tutorial.dta - [Results] M=l
File Edit Data Graphics Statistics User Window Help =

e ® Sk F-HBRIE OO

g Command - . mcmcsum [RP2]var (standlrt) _I

1 use "hitp: ffwww bristol.ac.ukfom... [RP2]var (standlrt)

2 runmlwin normexam cons, level2(...

} generateboy = ioon M 1002665 0.5% - 352?3;?5 Thinned chain Length 5000

P edan - . - 1nnea a1 an

: E:?g;nl;:;réiztc[;n: J;ZI:?L:;}I MCSE of Mean .0029374 2.5%  .02B5475 Effective sample g'i ze 94
std. Dev. . 0559779 5% .0338817 Raftery Lewis (2.5%) 35055

& gen binexam = (normexam =) Mode . 0753875 25% . 0597935 raftery Lewis (97.5%) 18278

7 runmlwin binexam cons standlrt gi... Erooks Draper (mean) 6632

a8 runmiwin binexam cons standirt gi... 50% - 0870834

9 runmlwin binexam cons standirt gi... 755 1280442

17 memesum, trajectories Q5% _ 2096789

18 memesum [RP2]var(standirt), five... a7. 5% L2377593

19 memecsum [RP2]var(standirt) a9, 3% . 308234

Mame Label Type | Format "

school School ID byte  9%9.0g

student Student ID int %9, 0g .

normexanm Age 16 exam scor...  float  %8.0g -

cons Constant byte  %3%9.0g -

standlrt Age 11lexam scor... float  %%9.0g )

girl Girl byte %9.0a |,

schgend School gender byte  9%9.0g .

avsirt School average LR... float  %:9.0g -

schawv School average LR... byte  %:9.0g -

vrband Age 11 verbalreas... byte  %29.0g

boy float  %%9.0g . -

il ul residual estimate float  %%8.0g | | |

ul ulresidual estmate  float  %%9.0g

ulse uOse residual stan...  float  %469.0g _

ulse ulse residual stan...  float  %469.0g

binexam float  3%9.0g

C:WUsersigl9153\Documents CAP NUM OVR gz



EXPORT MODELS TO WINBUGS



The runmlwin command syntax

binexam,; ~Binomial(1, T j)

logit(nij) = Bo + Bistandlrt;; + B, girl;j + ug; + uqjstandlrt;;
(uof') -~{(©) G0
W 07" \ouo1 01

runmlwin binexam cons standlrt girl, ///
level? (school: cons standlrt) ///
levell (student:) ///
discrete (d(binomial) 1(logit) de(cons) pqgl2) ///

mcme (b (500) ¢ (5000) savewinbugs (model (m.txt) ///
inits(i.txt) data(d.txt) nofit)) ///

initsprevious



Viewer (#1) [view m.bct]

« » @ I,,E,Il IB Iviewm.t:-:t &I
Advice | Contents | YWhat's NEWI ez I

# WINBUGS 1.4 code generated from MLwWiN program
#----MODEL Definition-----------—-—--—-

mode 1

# Level 1 definition

for(i in 1:N) {

binexam[i] ~ dbin(p[i],denom[i])
Togit(p[i]) <- beta[l] * cons[i]
beta[2] * standlrt[i]

beta[3] * girl[i]
u2[school[1],1] * cons[i]
u2[school[1],2] * standlrt[i]

e+ + + +

# Higher level definitions
for (J in 1:n2) {
?2[3 :2] ~ dmnorm(zero2[1:2],tau.u2[1:2,1:2])

# Priors for fixed effects

for (k in 1:3) { beta[k] ~ dflat() }

# Priors for random terms

for (1 in 1:2) {zero2[i1] <- 0}
tau.u2[1:2,1:2] ~ dwish(rR2[1:2, 1:2],2)
sigmaZ2.u2[l:2,1:2] <- inverse(tau.u2[,])




WORK EFFICIENTLY



i Do-file Editor - Amsterdam.do
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* Open the tutorial data set
use "http://www.bristol.ac.uk/cmm/media/runmlwin/tutorial.dta™, clear

* Fit a two-level (students within schools) variance components model to
* a continuous educational response variable, normexam. Note, vou will need
* to click the "Resume Macro™ button twice in MLwiN to return the model
* results to the Stata output window.
runmlwin normexam cons, [/
level? (school: cons) ///
levell (student: cons)

* Generate a boy dummy variable
generate boy = 1 - girl

* Extend the previous model to include fixed part covariates, a random school
* level slope and separate lewvel 1 residuals for boys and girls. The runmlwin
* command also requests that runmlwin extracts the predicted wvalues for the
* achool level residuals from MLwiN and returns them to S5tata. The nopause
* gption prevents MLwiN from pausing before and after model estimation and so
* returns the model results automatically to Stata.
runmlwin normexam cons standlrt girl, ///

level? (school: cons standlrt, residuals(u)) /7

levell (student: girl boy, diagonal) nopause

* Perform a Wald test to compare the boy and girl residual variances
test [RFl]wvar(girl) = [RPl]wvar(boy)

* Pregserve the data as we will shortly be collapsing the data to the school
* level, but afterwards we will want to return to the original data
preserve

* Tag one child in each school
egen pickone = tag(school)

sl

Ready

Line: 1, Col: 0 CAP NUM OWVR v



RESOURCES TO HELP YOU LEARN
RUNMLWIN



Viewer (#1) [help runmbwin]

« » Cl=|B

Advice | Contents |What's NEWI ez I

Ihelp runrlwie vI

help rurmlwin

Title

runmlwin - Run the MLwiN multilevel modelling software from within Stata

Symitax

runmlwin responses_and_fixed part, random_part [discrete(discrete_options)] [mocmc(mome_options)]
Lgeneral_options]

where the syntax of responses_and fixed part is one of the following

for univariate continuous, binary, proportion and count response models
depvar indepvars [iF] [7r]

for univariate ordered and unordered categorical response models
depvar indepvarsi [(indepvars?, comtrast(rmumlise)) ... 1 [iF] [inl
where 7ndepvarsi are those independent variables which appear with separate coefficients in each of
ever¥ log-odds contrast, while imdepvars? are those independent wariables which appear with common
coefficients for those Tog-odds contrasts specified in comtrast(rmumiist). Contrasts can be thought
of as the separate "subequations" or "arms" of a multinomial response model. These contrasts are

indexed 1,2,... up to the total number of contrasts included in the model. The total number of
contrasts will be one less than the number of response categories.

for multivariate response models

(depvarl fndepuar51 equation(rumilist))
uarz rndﬁﬂvarsz equation(rumiist))

pvarj indepvars3, equation(rumiisc))]
[rﬂ [m]
where egquation(rumiist) specifies equation numbers. Equation numbers are indexed 1,2,... up to the

total number of eguations (i.e. response variables) included in the model.

and the syntax of random_part is

[ ... 1 [Mevel2({Jevelvar: [variist] [, random_part_options])]
levell(Jevelvar: [varilist] [, random_part_options])




Viewer (#1) [help runmbwin]

e

» @ l,!._] @ Ihelp rurmliain EI

Advice | Contents | YWhat's NEWI ez I
=
Examples

IMPORTANT. The Fu11uwiﬂﬁ examples will only work on your computer once you have installed MLwiN and once
ou have told rurmlwin what the mlwin.exe file address is. See Remarks on instaliation instructions above
or more information.

(a) contirnuous response models

Two-Tlevel models

Setup
- use http://www.bristol. ac. uk/cmm/media/rummlwin/tutorial, clear

Two-level random-intercept model, analogous to xtreg (fitted using IGLS)

(S5ee page 28 of the MLwiIN User Manuall

{(vYou will need to click the "Resume macro” button twice in MLwiN to it the model. )
. rurmlwin normexam cons standlrt, level2(school: cons) levell(student: cons)

Two-level random-intercept and random-slope (coefficient) model (fitted using IGLS)
(See page 59 of the MLwiN User Manuall

. rumnmlwin normexam cons standlirt, level? (school: cons standirt) levell (student: cons)

rRefit the model suppressing the two pauses in MLwiN (fitted using IGLS)
(See page 59 of the MLwiIN User Marnuall
. rurmlwin normexam cons standlrt, lewvel2 (school: cons standlirt) lewvell (student: cons) nopause

rRefit the model, where this time we additionally calculate the level 2 residuals (fitted using IGLS)
(S5ee page 59 of the MLwiN User Manuall

. runmlwin normexam cons standlirt, level? (school: cons standlrt, residuals(u)) levell (student: cons)

Two-level random-intercept and random-slope (coefficient) model with a complex level 1 wvariance function
(fitted using IGLS)

(See page 99 of the MLwiN User Manuall
. matrix A= (1,1,0,0,0,1)
. runmlwin normexam cons standlrt girl, level2(school: cons standirt) levell(student: cons standlrt
girl, elements(A))

Two-level random-intercept and raﬂdum—51uﬁe (coefficient) model using MCMC (where we first fit the model
using IGLS to obtain initial values for the MCMC chains)
(See page 71 of the MLwIN MCMC Marnuall
. rurmlwin normexam cons standlrt, level? (school: cons standirt) levell (student: cons)
. runmlwin normexam cons standlirt, level? (school: cons standirt) levell (student: cons) mcmc({on)
initsprevious

Multivariate response models




) Bristol University | Centre for Multilevel Modelling | runmiwin: Running MLwiN from within Skata - Mozilla Firefox - |EI|£|
File Edit Yiew History Bookmarks Tile Tools  Help

|%Bristnl University | Centre For Mulkilewel Mad... I + l ht
€& > [F|- [% hittp: e, briskal, ac. ukjfornm;software runmlwing T C']F [W" Wikkionary (en) J'] || - -
skip to contert university home | study | research | global | contacting people | a-z index | news | help |$earch search | =

%’ University of

BRI BRIsTOL | Centre for Multilevel Modelling

Centre for Multilevel Modelling home  Contacts  Hews  MLwiH  Onling course

SOFTWARE University bhome = Centre for Multilevel Modeling... = Software = runmbain

L runmlwin: Running MLwiN from within Stata

st runmlwin is a Stata command which allows Stata users to run the powerful MUwik multilievel modeling software from

ML P Sim within Stata.

runmiwin The multilevel maodels fitted by runmlwin are often considerably faster than those fitted by the Stata's xtmixed, -
Presentations xtmelogit and xtmepoisson commands. The range of models which can be fitted by runmlwin is also much wider
Examples than those commands. runmlwin also allows fast estimation on large data sets for marny of the more complex
Citations rultilevel models available through the user written gllamm command.
User Forum MLwil has the following features:

Chitd softveare support

1. Estiration of multilevel models for continuous, binary, count, ordered categorical and unordered categorical data
2. Fast estimation via classical and Bayesian methods

3. Estimation of multilevel models for cross-classified and multiple membership nonhierarchical data structures

4

. Estimation of multilevel multivariate response models, multilevel spatial models, multilevel measurement error
models and multilevel multiple imputation models

These details with a screen shot are available on our runmlwin [eaflet (pdf, 0.1mh)
Presentations

We have provided a range of presentations showcasing runmlwin. These presentations provide a quick overview of
hiow the command works and the range of models which can be fitted. hMore = =

Download




) Bristol University | Centre for Multilevel Modelling | Presentations using runmiwin - Mozilla Firefox - |EI|£|
File Edit Yiew History Bookmarks Tile Tools  Help

|%Bristnl University | Centre For Mulkilewel Mad... | + | ht
(' ') [] - [% hikkp s f e, bBristal, ac, ukfomm)software frunmlwing presentations | NidR E]F [W' Wikkionary (en) ;] A o |-
skip to contert university home | study | research | global | contacting people | a-z index | news | help |$earch search | =

H%’ University of

BRISTOL | Centre for Multilevel Modelling

Centre for Multilevel Modelling home  Contacts  Hews  MLwiH  Onling course

SOFTWARE University bhome = Centre for Multilevel Modeling... = Software = runmbwin = Presentations
_ Presentations using runmiwin
Ll r E T L L T T T T L LT TR
HEeleam o UK Stata Users' Group, 17th Meeting (16th September 2011)
MLPoweSim o slides (POF, 2.0mb)
runmlsain o Stata do-file (do, 0.1mi) to replicate all analyses presented in the slides.

+ Presentations

o

University of Bristal, Mplus/MiwiN User Group (MUGS) meeting (14th June 2011)

Examples
cha o Slides (PDOF, 2.3mhb)
e o Stata do-file (do, 0.1mib) to replicate all analyses presented in the slides.
l=er Forum
ChM software support o Modern Modeling Methods (M3) Conference, University of Connecticut (26th May 2011)

o Slides (PDF, 3.2rmb)
o Stata do-file (do, 0.1mb) to replicate all analyses presented in the slides.

o 2011 American Sociological Association Spring Methodology Conference, Tilburg University (20th May 20117
o alides (POF, 2.0mkb) | |
o Stata do-file (do, 0.1mi) to replicate all analyses presented in the slides.

o

University of Bristol, e-Stat meeting (7th April 2011)
o Slides (PDF, 1.7mhb)
o Stata do-file (do, 0.1mb) to replicate all analyses presented in the slides.

gth International Amsterdam Multilevel Conference (17th March 2011)



) Bristol University | Centre for Multilevel Modelling | Examples using runmlwin - Mozilla Firefox - |EI|£|
File Edit Yiew History Bookmarks Tile Tools  Help

|%Bristnl University | Centre For Mulkilewel Mad... | + | ht
(' = [] - [% hikkps e, bBriskal, ac, ukomm)software runmlwingex amples) N G]F [W' Wikkionary (en) ;] A |- -
skip to contert university home | study | research | global | contacting people | a-z index | news | help |$earch search | =

%’ University of

BRISTOL | Centre for Multilevel Modelling

Centre for Multilevel Modelling home  Contacts  Hews  MLwiH  Onling course

SOFTWARE University bome = Centre for Multilevel Modeling... = Software = runmbwin = Examples

_ Examples using runmlwin
T b T T L L T L L T TR
Realcam MLwiN User Manual
MLP o Sim

> These do-files and 1og files replicate the analyses reported in the MMLwik User Manual (POF, 4.6 mb) Hasbash, J.,
runmlsain —

oteele, F., Browne, W.J. and Goldstein, H. (2009) Centre for Multilevel Modelling, University of Bristal.

Prezertations
Mote that we have not created do-files for Chapters 1, 8 or 13 of the manual as no models are fitted in those chapters.
WWe hawve also notyet atternpted to replicate the analysis in Chapter 17.

%+ Examples

Citations
U=er Forum o 1 - Introducing Multilevel Models
ChM software support o 2 - Introduction to Multilevel Modelling (do | [og)

o

3 - Residuals (do | [og)

4 - Random Intercept and Random Slope kModels (do | [oo)

8 - Graphical Procedures for Exploring the Model (do | [og)

6 - Contextual Effects (do | [og)

7 - Modelling the “ariance as a Function of Explanatory variables (do | o)

8 - Getting Started with your Data

9 - Logistic Models for Binary and Binomial Responses (do | [og)

10 - Multinomial Logistic Models for Unordered Categorical Responses (do | [og)
11 - Fitting an Ordered Category Response hModel (do | [og)

12 - Modelling Count Data (do | [od)

13 - Fitting Models to Repeated Measures Data (do | log) |
14 - Multivariate Response hModels (do | log)

[u]

[m]

o

o

[m]

[n]

o

o

o

o




¥%) Bristol University | Centre for Multilevel Modelling | Citations of runmlwin - Mozilla Firefox - |EI|£|
File Edit Yiew History Bookmarks Tile Tools  Help

|%Bristnl University | Centre For Mulkilewel Mad... | + | ht

oD |[=|- [% hkkpe: f femne, bristal, ac, ukfcmmysoftware/runmlwing citations/ ST C'l_ ["l."(-"‘cr Wikkionary (en) ;] A || - -

= Rasbash, J., Charlton, C., Browne, ¥.J., Healy, M. and Cameran, B. 2009. MLwiN ‘ersion 2.1. Centre for Multilevel |
S SRR el Madelling, University of Bristal.

For models fitted using MCMC estimation, we ask that vou additionally cite:
o Browne, WW.J, 2008, MCMC Estimation in MLwiN, w2.13. Centre for Multilevel Modelling, University of Bristol.
Papers using runmlwin

Flease let George Leckie (oleckie@@bristol ac.uk) know of amy further publications using runmiwin including
forthcorming papers, books, PhD theses, etc.

o Cheung, ©., Goodman, D, Leckie, G. and Jenkins, J. (2011) Understanding Contextual Effects on Externalizing
Behaviors in Children in Out-of-home Care: Influence of Warkers and Foster Families. Ghildren and Yolth
Services Review, 33, 2050-2080.

o Chung, H. and Beretvas, 5.M. (2011) The [mpact of ignoring multiple membership data structures in mulfilevel
models, Brtish Jowrnal of Mathematical and Statistical Paychology. Forthooming.,

o Leckie, G. and Baird, J-A. (2011) Eater effects on essay scoring: A multilevel analysis of severity dft, central
tendency and rater experience. Jowrnal of Edueational Measurement. Forfhcoming.

o Leckie, G., Fillinger, R., Jones, K. and Goldstein, H. (20117 Multilevel rodelling of social sedredation. Jowenal of
Educationsl and Behavioral Statistics. Forthoorming.

o Paternoster, L., Howe, L. D, Tilling, K., Weedon, . M., Freathy, B M., Frayling, T. M., Kemp, J. P., Davey Smith,
., Timpson, M. J. Ring, 5. M., Evans, 0. M. and Lawlor, D. A, (20113 Adult heioht wariants affect birth lenoth and
growth rate in children. Human Molecuiar Genetics. Forthcoming

Books discussing runmlwin

o Snijders, T. and Bosker, E. (2011 Mulfilewel Analysis: An Introduction to Basic and Advanced dultilevel Modeling,

second Edition. Sage. Forfhooming. |
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runmlwin user forum

Forum rules

NEWTOPIC %

. search this forum...

ANNOUHCERMENTS

Do-files to replicate entire MLwiN User & MCMC Manuals
by GeorgelLeckie = Mon Apr 18, 2011 5:30 pm

REPLIES

VIEWIS

20 topics *+ Page 1 of 1

LAST FOST

by Georgeleckie [&
Mon Apr 15, 2011 5:30 pm

TOPICS

Welcome to the runmibwin discussion forum
by GeorgelLeckie = Fri &pr 01, 2011 406 pm

MVs & error message line too long'
by julialé3s = Mon Aug 15, 2011 3:17 pm

REPLIES

VIEWIS

by Georgeleckie [&
Fri &pr 01, 2011 4:06 pm

L&ST POST

by juliale3d [
Zun Aug 28, 2011 12:05 am

runmiwin in Batch mode - gui causing error?
by ash » Sat dug 27, 2011 6:43 am

by ash [k
Zat Aug 27, 2011 07 prn

Bug in residuals{u, savechains{"u.dta", replace")) ?
by ash » Mon Aug 01, 2011 7:06 pm

by Georgeleckie [&
wied fug 03, 2011 6:25 prm

Predictions via the runmbwin interface: a clarification
by ewancarr = Tue Jul 26, 2011 6:49 pm

by Georgeleckie [&
wied Jul 27, 2011 7:04 pm

highly correlated multivariate depenents -= numerical error
by ash = SatJul 23, 2011 10:48 am

by Georgeleckie [&
Mon Jul 25, 2011 3:49 pm

Input dataset contains double precision data...
by ewancarr = Wed Jul 13, 2011 355 pm

by ewancarr [
wied Jul 13, 2011 2:16 pm

Modelling Count Dlata (example do-file) - mismatch error
by leap = Tue Jul 12, 2011 10:18 am

by ChrisCharlton [
wied Jul 13, 2011 3:32 pm

Error code: r{-1073740777);
by pd6S = Mon Jul 04, 2011 11:01 am

by Georgeleckie [&
Thu Jul 07, 2011 3:15 pm

MCMC estimation
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Citing runmlwin

If you use runmlwin in your work, please cite runmlwin

Leckie, G. and Charlton, C. (2011) runmlwin: Stata module for fitting multilevel
models in the MLwiN software package. Centre for Multilevel Modelling,
University of Bristol.

We can then add you to the list of papers using runmlwin on our website

http://www.bristol.ac.uk/cmm/software /runmlwin/citations



