Contents

PLEfaC...uneiitiiiitimctirsietessr s s s e bbb bbb xi
AULNOTS .ttt s s e srs b saesve et bssresns xiii
1. Linear MOodels.....iieieisseesnsssississssnns 1
Simple Linear Regression ........couuiinnninsinseressseese e 2
Estimating Regression Models with Ordinary Least Squares............. 2
Distributional Assumptions Underlying Regression............cccccvervnrrunenes 3
Coefficient of Determination.........cconinnnsicsseniccessesssiines 4
Inference for Regression Parameters.........coveniieeeicminniicinninennnes 5
Multiple ReGression........cocueiuremimismmieiisisimisinsnssiesssesssisssssssessssssesssssse 7
Example of Simple Linear Regression by Hand.............cccouuicirnnnnnnnn, 9
Regression Using MPIUS ... s 11
Interaction Terms in ReGression .........iminenensecennnsesseninsessinniins 13
Categorical Independent Variables ..........ccoumieeenrerircnresnnn, 14
Checking Regression Assumptions with Mplus...............coeuinirinnnnnnnns 16
SUIMNIMATY ..ottt s s b s ssosssssesssssnses 26
2. An Introduction to Multilevel Data Structure ..............occeuvirniinnn.
Nested Data and Cluster Sampling Designs .......c.ooouvicverniniccvernnsinn.
Intraclass Correlation ...
Pitfalls of Ignoring Multilevel Data Structure
Multilevel Linear MOdelS ...........cvcemevcemmmsenssesssersscsesuesresesssmmmessons
Random INtercept.......cuvermiicicimemiiineiisnesisssssseseenessassssseess
Random SIopes ... ssssnssessssssssisinns
CONLEIING. ..ottt s bbb ssrss s satrass
Basics of Parameter Estimation with MLMs...........cccoccovvuimennnninnnn.
Maximum Likelihood Estimation ......ceeueverriieinimsiiineisninns
Restricted Maximum Likelihood Estimation ............ccecuvcurevinnnecs 40
Assumptions Underlying MLMS.......miiiiineeeneensinnes 40
Overview of Two-Level MLMS ...t 41
Overview of Three-Level MLMS........iiininnciincnniensisenn. 42
Overview of Longitudinal Designs and Their Relationship
EO MLMS ...t aasnens 44
SUIMMATY ..o sesbsseseasensrssisnssens 44

il



viii Contents

3. Fitting Two-Level Models in Mplus...........inninicciiisvcainne. 47
Simple (Intercept Only) Multilevel Models.........coovioreivininiiinnnae, 47
Random Coefficients Models..........cc.covenimnnninninenecces 56
Interactions and Cross-Level Interactions..........oevvnnenieeicncnnnne, 60

Model 3.6 ReSUILS ........uevieeeirriritiicriisnicrenese s 62
Model 3.6D RESULLS .....oucuiniririescttirercii st cesaane 62
SUIMIMATY ...conviririirenenineirec b ssesis st e ssssssss st sisss s bt e e snssnsessasasaossessens 63

4. Additional Issues in Fitting Two-Level Models...............c.ccocuunnnnc. 65

Model Comparison and Model Fit .........couviriinniinnnniiinesniesnncrcniian 65
Model Comparison for Non-Nested Models ........c.cccoeviireeriinrinnanee. 66
Model Comparison for Nested Models .........ccccvvurerinieinnnecrnnrninnrnnne, 68

Centering PrediCtors. .. iiiieseiminiisiessssssnssse s 70

SUIMMATY ...t sss s sttt st st s s sas s ses 73

5. Fitting Three-Level Models in Mplus...........nininnncniinncnn 75
Defining Simple Three-Level Models Using Mplus Syntax.................... 76
Random Coefficients Models with Three Levels in Mplus ...........cc..u...... 79
Interactions and Cross-Level Interactions in Three-Level Models ........ 82
SUMMATY ..uvenrvetiirsrrisisssi st na st sbssbens 86

6. Longitudinal Data Analysis Using Multilevel Models....................... 87
The Multilevel Longitudinal Framework..........cveceeeniniiinicinirnnn, 87
Person Period Data Structure............coveceeinimnircreincisenisseressnenssiiensens 89
Fitting Longitudinal Models Using MPIUs ...........cumiinieinreiennnreisncions 90
Benefits of Using Multilevel Modeling for Longitudinal Analysis.......95
SUMMATY ...oovrrniensissrissns s e sssebesas b b s s ssbasesss 96

7. Brief Introduction to Generalized Linear Models...........cccc.ccvvunirnnnnea. 97
Logistic Regression Model for a Dichotomous Outcome Variable......... 98
Logistic Regression Model for an Ordinal Outcome Variable............... 104
Multinomial Logistic REGIESSION ........c...cvevermmmmmmmmsmsmssssssserisecsssensseenseseens 109
Models for Count Data.......ccicuevercriiimniieresmmmicsserisssssressssssesssnns 112

POISSON REGIESSION..cvvvvseiivisiiisnressitinississssinsisesscaresasre st sassenas 112

Models for Overdispersed Count Data ........ccccumecnresisersisnsnasisnnienn. 114

Introduction to Fitting Survival Models int MpluS.......ooveveierevresenesinins 116

Survival and Hazard Functions, and the Cox Model.........ccovevvererninneee. 117

Fitting the Cox Model Using MPIUS........ccoeccuvricmmrcrisvcneserennssnnnnniinns 119

SUIMIMNATY «....vvereiinirsnsmississisese st sessssossssssssssssssessaassassss s sasssssasinss 131

8. Multilevel Generalized Linear Models (MGLMs)
and Multilevel Survival Models ...............cnrcrinreeesereenncnirins 133
Multilevel Generalized Linear Models (MGLMs) for a
Dichotomous Outcome Variable...........c.ouvrivnnnnriiciinninssncsessiennnn. 133

Random Intercept Logistic Regression ........cummniirenieriierinninnna, 134



Contents ix

Random Coefficient Logistic Regression........ccc.oceverereeniniecinrinnrinnnns 137
Inclusion of Additional Level 1 and Level 2 Effects to the
Multilevel Logistic Regression Model ......iencrenieeeninineinninnnns 140
MGLM for an Ordinal Outcome Variable..........coccoueeuereniecrnesnnrineninnnns 147
Random Intercept Ordinal Logistic Regression.........ceeevvuerervennerisnen: u7
Random Intercept Ordinal Logistic Regression with Predictors
atLevels T and 2.t s 150
MGLM for Count Data........ccveiereerieniiie s 154
Random Intercept Poisson Regression..........eeeieiiesincnsininenn 155
Random Coefficient Poisson Regression ........eeiieeninesicinnins 157
Inclusion of Additional Level 2 Effects to the Multilevel Poisson
Regression Model...... e 160
Negative Binomial Models for Multilevel Data...........coecocverrinnnnernsnnn. 162
Inclusion of Additional Level 2 Effects to the Multilevel
Negative Binomial Regression Model..........ouireerinrinrsiinniurnens 165
Survival Analysis with Multilevel Data.......cococeeeeirernvneneruensiscnnniens 167
SUIMIMATY ...vcvirirerrieriisinsis s is s s et ss st st s s eseba bt srasasnens 169
9. Brief Review of Latent Variable Modeling in Mplus............cccouunnen. 171
Factor ANALYSIS.....crerciimiunsiniesnsisissssssvisisississiasssissessssssossnsssmsssssmsesns 171
Exploratory Factor Analysis .........cceiinnceneinninceneinnnns 172
Factor Extraction.....eeevermiiisii e 173
Factor ROTAtON......cciirriietciicecist st esss e asians 173
Determining the Number of Factors to Retain...........coouverrecunnns 174
Exploratory Factor Analysis by Using Mplus..........cccccveremmnienniannins 177
Confirmatory Factor ANalysis.........vniinnccciiionns 182
Fitting CFA Models and Assessing Goodness of Fit........cc..ccceuunt 183
Confirmatory Factor Analysis by Using Mplus..........ccceucueveuiiinnninnens 186
Structural Equation Models..........oo.ovviiiiesiniercnencesiicinen, 193
Fitting SEM by Using MPIUS ..........ccminnnienccnisesiincinnes 195
Growth Curve Models ... 198
Fitting GCM by Using MpIUus..........covvennniccicrenirnccienseniinins 200
Item ReSPONSE TREOTY......cocvceveveiereriritinsirnsiisiiseni s tsssasions 203
Fitting IRT Models by Using MPIUS ............conmeeiiirieecnriiieeniins 206
Mixture Models......miiiiiiiccniscstcass et 219
Latent Class Models.......couvviiivriiiniciieiesseessessesionessrssannenees 221
Fitting LCA by Using MPIUS .....coccocmiiciincicicccrcriacseeressenens 222
SUMIMATY ..ottt sttt ssssens e ssesessasessssassassssonss 233
10. Multilevel Latent Variable Models in Mplus ........c.occeveeencevinvnniinnens 235
Multilevel Factor ANalysis........uveiiiiene s ceessssssses s 235
Fitting a Multilevel EFA Model by Using Mplus........ccccc.ccevvvrrnrrene 238
Fitting a Multilevel CFA Model by Using Mplus .........c...ccovvevueerrenenns 242

Estimating the Proportion of Variance Associated with Each
Level of the Data......ieriiniiiin e 252



Contents
Multilevel Structural Equation Modeling....cuiieiiieeeenrcininnrinnnns 255
Fitting Multilevel SEM by Using Mplus ......cccuoeverereerercinnnncieinnn, 256
Random Coefficient SEM........cocvieiivviminiimiiniiisesimsneiescnssseessninnns 259
Multilevel Growth Curve Models ...t 261
Multilevel Item Response Theory (IRT) Models..........ccccounemenrinirnnnnn. 264
Fitting a Multilevel IRT Model by Using Mplus...........ccoccccenrnnnns, 265
Multilevel Latent Class Models ..o, 271
Estimating MLCAIn MPIUS .....cvovmii i 273
SUIMINATY ..veveevevcnsisnisssrsss st va et s sttt b st s n e st s s st asas s bsnstss 284
11. Bayesian Multilevel Modeling ..., 285
Mplus Multilevel Modeling for a Normally Distributed Response
Variable.... .o et it 288
Including Level 2 Predictors with MCMCGImM......eeieerereirercnenenensnnnnn. 295
User Defined Priors ... sssssnses 300
Bayesian Estimation for a Dichotomous-Dependent Variable.............. 304
SUIMUNATY ..ot enireimiinsisiissss e eae bbb bbb ss st s ss e bn st s rases 307
Appendix: A Brief Introduction to Mplus........ciineccnnicniiienn, 309
REfEIeNCES ..o st 313



