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Online Appendix Table A. SPGM-approximated random effect variances: Continuous outcomes

Best Intercept variance (1.0) Linear variance (.15) Quadratic variance (.12)
Dist Samp BIC Estimate MSE ARB Estimate MSE ARB Estimate MSE ARB

2 REs, Correlated

N 250 4 .955 .015 .045 .070 .007 534
500 6 972 .007 .028 109 .002 271
1000 7 .982 .003 .018 122 .001 184
S 250 5 .968 .026 .033 .968 .003 .309
500 6 981 .016 .020 114 .002 241
1000 7 .990 .006 .010 125 .001 167
B 250 4 .965 011 .035 .083 .005 448
500 5 971 .006 .017 104 .006 .304
1000 6 979 .003 .021 121 .001 191
3 REs, Correlated
N 250 5 .903 .023 .097 104 .003 .306 .068 .003 437
500 6 913 014 .087 112 .002 .253 .069 .003 423
1000 7 922 .009 .078 116 .001 224 .071 .003 405
S 250 5 .905 .033 .095 107 .003 .289 .017 .003 416
500 6 917 .022 .083 A11 .002 .262 .074 .002 .380
1000 7 .936 011 .064 117 .001 223 .078 .002 .353
B 250 4 .888 .022 12 .089 .004 408 .058 .004 513
500 5 910 .013 .090 107 .002 .285 .068 .003 432
1000 6 921 .009 .079 A17 .001 .220 .071 .003 408

Notes. Dist=Random effect distribution condition: (N=normal, S=skewed, or B=bimodal); RE=random effect;
Samp=Sample size; MSE=mean squared error; ARB=absolute relative bias; BIC=Bayesian Information Criteria.



Online Appendix Table B. SPGM-approximated random effect variances: Binary outcomes

Best Intercept variance (1.0) Linear variance (.15) Quadratic variance (.12)
Dist Samp BIC Estimate MSE ARB Estimate MSE ARB Estimate MSE ARB
2 REs, Correlated
N 250 2 .627 153 .373 .046 011 .692
500 3 1.041 322 041 077 .040 489
1000 3 1.024 189  .024 .046 .013 .696
S 250 3 1.156 533 156 231 2.427 538
500 3 1.058 382  .058 127 .820 .156
1000 3 918 .082 .082 .044 .012 .706
B 250 2 731 099  .269 .046 011 .691
500 2 715 .089  .285 .047 011 .688
1000 3 1.158 398  .158 .077 .256 487
3 RE, Correlated
N 250 2 .562 202 438 .038 .013 750 .040 .667 .007
500 2 557 200  .443 .035 .013 .768 .037 .007 .690
1000 3 .596 189 404 .067 .017 551 .089 .098 .256
S 250 2 .596 175 404 .033 .014 778 .035 .008 .706
500 3 .882 385  .118 242 1.301 .616 .096 .030 .199
1000 3 .789 .081 211 .077 119 .485 .055 541 .007
B 250 2 .649 159 351 .035 .013 764 .040 .007 .669
500 2 .627 144 373 .034 .010 173 .038 .007 .685
1000 2 .622 146 .378 .034 .014 175 .038 .007 .684

Notes. Please refer to Online Appendix Table A notes.



Online Appendix Table C. SPGM-approximated fixed effects: Binary outcomes

Best Intercept mean (-1.25) Linear mean (-.2) Quadratic mean (-.3)
Dist Samp BIC Estimate MSE ARB Estimate MSE ARB Estimate MSE ARB
2 REs, Correlated
N 250 2 -1.216 .008 .027 -135 .005 .327 -.088 .046 .705
500 3 -1.295 .045 .036 -.208 .003 .042 -170 .022 .433
1000 3 -1.299 .026 .039 -193 .026 .036 -153 .023 .489
S 250 3 -1.345 .009 .020 -221 .012 .105 -163 .037 .457
500 3 -1.340 .040 .072 -196 .004 .020 -141 .030 .531
1000 3 -1.310 .019 .048 -186 .002 .069 -143 .027 522
B 250 2 -1.214 .010 .029 -156 .003 .218 -107 .038 .644
500 2 -1.204 .006 .036 -157 .002 .215 -107 .038 .643
1000 3 -1.321 .048 .057 -206 .003 .031 -172 021 426
3 REs, Correlated
N 250 2 -1.179 .012 .057 -119 .008 .405 -124 .033 .588
500 3 -1.181 .007 .055 -116 .008 .422 -120 .033 .602
1000 3 -1.185 .022 .052 -130 .012 .351 -132 .052 .561
S 250 3 -1.252 .006 .002 -.083 .014 .583 -.086 .047 .715
500 3 -1.234 .007 .013 -165 .012 .174 -153 .032 .490
1000 3 -1.239 .002 .009 -136 .005 .319 -135 .028 .551
B 250 2 -1.178 .015 .057 -134 .005 .328 -143 .026 .524
500 2 -1.172 .009 .062 -132 .005 .340 -139 .026 .536
1000 3 -1.176  .007 .060 -131 .005 .343 -139 .026 .536

Notes. Please refer to Online Appendix Table A notes.



Online Appendix Table D. HGLM random effect variances: Binary outcomes

Intercept variance (1.0) Linear variance (.15) Quadratic variance (.12)
Dist  Samp Estimate MSE ARB Estimate MSE ARB Estimate MSE ARB
2 RE, Correlated
N 250 1.026 .043 .026 163 .007 .090
500 1.012 .025 .012 157  .004 .049
1000 1.002 .011 .002 .51 .001 .005
S 250 1.751 714 751 135 .007 .102
500 1.739 .630 .739 134 .004 .107
1000 1.731 572 .731 132 .002 .120
B 250 .969 .035 .031 173 .009 .156
500 .956 019 .044 A75 .004 .169
1000 .943 012 .057 167  .002 115
3 RE, Correlated
N 250 1.029 .084 .029 175 .009 .168 .138 .006 .151
500 1.004 .038 .004 155 .004 .034 127 .003 .060
1000 .998 .019 .002 151 .002 .006 125 002 .041
S 250 1.743 791 .743 195 012 .301 167 .013  .390
500 1.706 .621 .706 A77  .006 .182 .156 .006 .298
1000 1.687 533 .687 167 .003 112 146 .003 .219
B 250 .968 .069 .032 164 .008 .093 139 .007 .159
500 .958 .033 .042 162 .004 .083 129 .003 .079
1000 .949 .017 .051 153 .002 .019 122 .002 .013

Notes. Please refer to Online Appendix Table A notes. HGLM= Hierarchical Generalized Linear Model.



Online Appendix Table E. HGLM fixed effects: Binary outcomes

Intercept mean (-1.25) Linear mean (-.2) Quadratic_mean (-.3)
Dist  Samp Estimate MSE ARB Estimate MSE ARB Estimate MSE ARB
2 RE's, Correlated

N 250 -1.263 .013 .010 -201 .010 .005 -306 .005 .020
500 -1.256 .006 .005 -199 .005 .003 -302 .002 .005

1000 -1.247 .003 .003 -200 .003 .002 -301 .001 .005

S 250 -1.541 102 .233 -213 .017 .063 -294 .005 .019
500 -1.539 .092 .231 -211 .009 .057 -294 .003 .021

1000 -1.536 .087 .229 -216 .004 .081 -294 001 .019

B 250 -1.207 .014 .034 -202 .009 .010 -308 .005 .028
500 -1.201  .009 .040 -200 .005 .002 -309 .002 .029

1000 -1.204 .005 .037 -199 .002 .007 -302 .001 .006

3 RE's, Correlated

N 250 -1.257 .016 .005 -198 .013 .011 -316 .013 .054
500 -1.255 .007 .004 -201 .006 .007 -.302 .008 .008

1000 -1.253 .003 .003 -199 .003 .006 -299 .004 .004

S 250 -1.541 111 .233 -147 .023 .266 -256  .023 .146
500 -1.535 .094 .228 -159 .011 .205 -.248 015 .174

1000 -1.522 .081 .218 -157 .006 .216 -.238 .010 .205

B 250 -1.205 .017 .036 -212  .013 .059 -326 .015 .088
500 -1.203 .009 .037 -207 .006 .035 -325 .008 .082

1000 -1.208 .005 .034 -213 .003 .065 -318 .004 .061

Notes. Please refer to Online Appendix Table A notes. HGLM=Hierarchical Generalized Linear Model.



Online Appendix Table F. Generalizability checks.
SPGM-approximated vs. HGLM fixed effects and random effect variances: Less-sparse binary outcomes, N=1000

Fitted Best Intercept mean (0) Linear mean (-.2) Quadratic_mean (-.3) Intercept variance (1.0)  Linear variance (.15) Quadratic var. (.12)
Dist. Model BIC Estimate MSE ARB  Estimate MSE ARB Estimate MSE ARB Estimate MSE ARB Estimate MSE ARB Estimatt MSE ARB

1RE

N SPGM 3 .015 .002 .015 -199 .003 .006 -299 .002 .004 813  .045 .187
N HGLM .001 .002 .001 -202 .000 .012 -299 .000 .003 998  .006 .002
S SPGM 3 -024 .004 .024 -210 .007 .051 -291 .002 .028 804 135 .196
S HGLM -099 .011 .079 -197 .000 .015 -298 .000 .007 911  .013 .089
B SPGM 3 .008 .002 .008 -204 .005 .021 -302 .003 .006 901 .024 .099
B HGLM -005 .002 .004 -204 .000 .018 -303 .000 .010 1.198 .045 .198

2 RE, Uncorrelated

N SPGM 4 .014 .002 .014 -189 .005 .053 -288 .005 .041 820 .044 180 118  .045 216
N HGLM .002 .002 .002 -199 .001 .005 -300 .001 .001 1.004 .006 .004 151  .001 .006
S SPGM 4 -.024 .007 .024 -200 .011 .002 -276  .004 .080 834 450 .166 206 1.093 .373
S HGLM -101 .010 .081 -186 .000 .073 -267 .001 .110 822 032 .178 119 .001 .210
B SPGM 4 .014 .005 .014 -208 .016 .038 -276  .006 .082 962 401 .038 251 1.980 .673
B HGLM -.003 .002 .002 -203 .001 .015 -304 .001 .012 1192 .046 .192 154 .001 .029

3 RE, Uncorrelated

N SPGM 4 -.006 .003 .006 -177  .004 .114 -255 .007 .150 J71 096 229 104 119 310 062 123 487
N HGLM -001 .002 .001 -200 .001 .000 -301 .001 .002 998  .007 .002 150 .001 .001 123 .001  .023
S SPGM 4 -.047 .005 .047 -187 .006 .066 -245 .008 .182 714 156 .286 132 295 119 .053 .052 .555
S HGLM -103 .012 .082 -199 .001 .005 -283 .001 .057 869 .023 .131 147 .001 .022 134 .002 115
B SPGM 4 -.004 .003 .004 -179  .015 .105 -249 021 171 875 111 125 184 1.423 224 146 1715 215
B HGLM -001 .002 .001 -202 .001 .011 -303 .001 .010 1188 .044 .188 152 .001 .012 118 .001 .021

Notes. Dist=Random effect distribution condition: (N=normal, S=skewed, or B=bimodal); RE=random effect; MSE=mean squared error; ARB=absolute relative bias;
BlC=Bayesian Information Criteria; HGLM=hierarchical generalized linear model; SPGM=semiparametric groups-based trajectory model.



Online Appendix Table G. Generalizability checks.
HLM and HGLM fixed effects and random effect variances: All nonnormal random effects (3 uncorrelated random effect condition)

Intercept mean (-1.25) Linear mean (-.2 Quadratic mean (-.3) Intercept variance (1.0) Linear variance (.15) Quadratic var. (.12)
Dist.  Samp Estimate MSE ARB  Estimate MSE ARB  Estimate MSE ARB Estimate MSE ARB  Estimate MSE ARB Estimate MSE ARB
Continuous Repeated Measures
SSS 250 -1.254 .005 .003 -199 .001 .006 -302 .001 .007 .988 .026 .012 150 .001 .001 117 .001  .029
500 -1.248 .002 .002 -198 .001 .008 -299 .001 .003 .997 .014 .003 150 .001 .001 120 .000 .003
1000 -1.250 .001 .000 -200 .000 .001 -300 .000 .001 .994 .006 .006 149  .000 .008 121 .000 .005
BBB 250 -1.249 .006 .000 -197 .001 .013 -301 .001 .004 .993 .008 .007 150 .001 .003 119 001 .010
500 -1.246 .006 .004 -200 .001 .001 -301 .001 .005 .993 .006 .007 149  .000 .009 120 .000 .001
1000 -1.248 .001 .002 -200 .000 .000 -300 .000 .001 .999 .002 .001 149  .000 .003 120 .000 .002
Binary Repeated Measures
SSS 250 -1.514 090 .211 -192 .004 .040 -324 015 .080 1.645 585 .645 149  .008 .006 192 022  .601
500 -1.505 .074 .204 -196 .002 .018 -317 .006 .058 1.641 489 .641 148  .004 .011 190 .013 581
1000 -1.506 .070 .204 -198 .001 .008 -314 .003 .048 1.633 .438 .633 144 002 .043 184 .008 .530
BBB 250 -1.208 .014 .033 -198 .004 .009 -317 .010 .058 .978 044 022 161 .007 .075 123 .008 .025
500 -1.213 .008 .030 -197 .002 .014 -308 .006 .027 .979 019 .021 159  .003 .059 125 .004 .043
1000 -1.207 .005 .034 -200 .001 .001 -302 .003 .006 .962 .011 .038 157  .002 .048 117 .002  .022

Notes. Dist=Random effect distribution condition: (SSS=skewed, skewed, skewed, or BBB=bimodal, bimodal, bimodal); RE=random effect; error; ARB=absolute relative
bias; MSE=mean squared error; HGLM=hierarchical generalized linear model; HLM=hierarchical linear model.



Less-Sparse Binary Outcomes condition

Online Appendix Figure A. Generalizability checks.
SPGM approximation: PDF of a single dimension random effect distribution for binary repeated measures: N=1000, intercept mean=0.

1 Normal random effect (mean=0) 1 Skewed random effect (mean=0) 1 Bimodal random effect (mean=0)
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Notes. Grey line= theoretical (true) random effect distribution. Black bars= SPGM discrete approximation. The number of bars corresponds
with the best-BIC number of classes. The height of each bar is the across-samples average class probability for that class, and the location of
each bar is the across-samples average growth coefficient for that class.



Online Appendix Table H. Externalizing Behavior Empirical Illustration: SPGM indirect approximation and
HLM/HGLM results for implied random effect covariances.

Continuous repeated measures Binary repeated measures
HLM SPGM-approximation HGLM SPGM-approximation

Covariance:

Intercept, Linear 1923 .2545 .3647 -.0201

Intercept, Quad -.2025* -.1434 -.2199 -.0411

Intercept, Cubic -.0280 -.0462

Linear, Quad -.0327 -.0423 -.0440 .0003

Linear, Cubic -.0243 -.0215

Quad, Cubic -.0001 .0035 --- ---

Notes. * p<.05. SPGM approximation used Equations (8) and (9). Significance level reported only
for HLM/HGLM, where parameters were directly estimated. SPGM-approximated and HLM/HGLM
estimated random effect means and variances are provided in the manuscript.



Literature Review of Semiparametric Groups-Based M odeling (SPGM) Applicationsin Psychology

Literature Review Procedures. First, we identified all published articles from PsycInfo or PsychLit databases through 2010 that (a) mentioned:
semiparametric group-based; group-based trajectory; semiparametric trajectory; latent class growth model; or latent class growth or (b) cited Nagin's
(1999) Psychological Methods article introducing SPGM to a psychology audience. The several hundred resulting publications were inspected to see
if they indeed used SPGM (vis a vis growth mixture modeling, for example) and if their journal was relevant to psychology and mental health (which
we defined to include drug abuse/addiction and psychiatry). Articles on psychological topics in outlets specifically affiliated with other fields (e.g.
sociology, criminology) were excluded but articles in more general outlets on psychology topics were included. Of these, 100 articles were selected
with simple random sampling for inclusion--with the exception that a limit was placed (3 articles) on the number of articles that could be first-authored
by the same person. (In certain cases there were many SPGM applications first-authored by the same person, often on the same dataset, and we wanted
to reduce such dependency in the review.) The final list of 100 articles was surveyed regarding several conditions relevant to the present article's
motivation and simulation conditions, including: sample size; distribution of the dependent variable; whether BIC was the only criteria used to select
the number of classes. Averages or frequencies of the data in each column of this chart were reported in the manuscript.

Notes. First, in some instances, selection criteria used to select the number of classes (K ) were unclear, and such instances are denoted NR (not
reported). Second, in some instances the assumed form for the conditional response distribution of repeated meausres was unclear, so the most
probable form was recorded given available information. Third, in some studies SPGM was used even though the authors labeled their analysis as
growth mixture modeling; such studies were included in this review. Fourth, if a given article included multiple SPGMs with apparently different
conditional response distributions, a fraction of a percentage point was assigned to each response type represented, but totals reported in the
manuscript were rounded to the nearest percentage. Fifth, in our review we did not distinguish between normal and censored normal conditional
response distributions. The use of one vs. the other seemed to depend mainly on software choice. Researchers with continuous repeated measures
using SAS Proc Traj employed censored normal (because normal was not available) whereas those using Mplus tended to employ normal.

Abbreviations. K= number of classes; BIC=Bayesian Information Criteria; SPGM=Semiparametric Groups-Based Trajectory Model.
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Campbell, S.B., Matestic, P., von Stauffenberg, C., Mohan, R. & Kirchner, T. (2007). Trajectories of maternal
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Gaudreau, P., Amiot, C.E., & Vallerand, R.J. (2009). Trajectories of affective states in adolescent hockey players:

30 [Turning point and motivational antecedents. Developmental Psychology, 45 , 307-319. yes normal 265
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Calculating SPGM-approximated means and variances of underlying random effects:
K=6 class empirical example SAS code

%MACRO PALL (K=6) ;

proc iml;

alpha_1={5.1853639 -1.4321252 0.25801088 0.11413666};
alpha_2={1.6987561 -.096339802 .037193793 -.013339989};
alpha_3={14.430648 1.0015364 -0.17040364 -0.13718840};

alpha_4={4.1738782 -0.64797717 .0078335891 .010642704};
alpha_5={7.0980349 -1.6577085 0.13105988 .027797890};
alpha_6={9.2412841 0.17286687 -0.16417953 -.039763760};
/*input K vectors of SPGM's class-specific fixed effects*/

prob_cl1=0.06582;
prob_c2=0.34718;
prob_c3=0.03522;
prob_c4=0.38566;
prob_c5=0.06263;
prob_c6=0.10348; /*input K class probabilities*/

alpha=alpha_1//alpha_2//alpha_3//alpha_4//alpha_5//alpha_6;
prob=prob_cl| |prob_c2| |prob_c3| |prob_c4||prob_c5||prob_c6;

lambda={

1 -3.5 12.25 -42.875,
1 -2.5 6.25 -15.625,
1 -1 1 -1 ,

1 .5 .25 .125,

1 1.5 2.25 3.375,

1 3.5 12.25 42.875};

/*BEquation (8) in manuscript*/
mu_growth=prob*alpha;
print mu_growth;

/*Equation (9) in manuscript*/
VARi=J(4,4,0); /* <--put your implied dimension of u (# underlying random
effects) in place of 4%*/
%do i= 1 %to &k.;
%do j=(&1.+1) %to &k.;
gl=(alpha_&i. ) ;
g2=(alpha_&j." ) ;
a3=(ql-qg2);
ad=(gl-g2) " ;
vari = vari  +(prob_cé&i.*prob_c&j.*(g3*g4d));
$end;
$end;
var_growth_only=(vecdiag(vari)) *;
covar_growth=vari;
print var_growth_only;
print covar_growth;
QUIT;
%mend ;
$pall(K=6); /*put # of SPGM classes here*/
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