ONLINE APPENDIX

Online Appendix for Sterba, S.K. (2014). Handling missing covariates in conditional

mixture models under missing at random assumptions. Multivariate Behavioral

Research, 49, 614-632. TablesA.1-A.7

Online Appendix Table A.1. Comparison of the conventional multivariate, endogenous-
constrained-x, and exogenous-x approaches using compl ete-case data and simulation parameters
from Arminger et al. (1999): Results shown for a single sample of N=50,000

Estimate (SE) for a single sample of N=50,000

, Conditional .
Conventiona mixture: Conditional
multivariate ' mixture:
Generatin : Endogenous-

Parameter value 9 mixture constrained-x Exogenous—x
Class 1

intercept (x®) -5 -.045 (.014) -.497 (.006) -.497 (.006)
slope of y on x¢ (") -1 -.064 (.017) -1.002 (.005) -1.002 (.005)
slopeof y on x. (¥{") -15 -.097 (.020) -1.497 (.005) -1.497 (.005)
slopeof yon xz (y{") 5 .048 (.017) 500 (.005) 500 (.005)
residual variance (o*®) 5 1.174 (.011) 499 (.006) .499 (.006)
Class 2

Intercept (@) 5 -.023(.032) 503 (.008) 503 (.008)
slope of y onxq (?) 1 .029 (.018) .999 (.007) .999 (.007)
slopeof yonx, (y5?) 1.5 043 (.019) 1.505 (.007) 1.505 (.007)
slopeof y on xz (75?) -5 .018 (.018) -.502 (.007) -.502 (.007)
residual variance (o*?) 1 9.757 (.107) 1.019 (.011) 1.019 (.011)
multinomial intercept (o *) 0 467 (.012) .006 (.013) .006 (.013)

Notes. *= Generating multinomial intercept of 0in class 1 implies class proportions of .50/.50.
The estimated class 1 multinomial intercept of .467 implies class proportions of .61/.39. The
estimated class 1 multinomial intercept of .006 implies proportions .50/.50.



Online Appendix Table A.2

ONLINE APPENDI X

Exogenous x- approach with 35% missingness: Estimate, Analytic Standard Error, Empirical Standard Deviation
Percent Absolute Relative Bias, and Percent Standardized Bias for each individual parameter

Parameter

Growth coeff.
Class 1-Intercept
Class 1-Linear
Class 1-Quadratic
Class 2-Intercept
Class 2-Linear
Class 2-Quadratic
Class 3-Intercept
Class 3-Linear
Class 3-Quadratic
Class 4-Intercept
Class 4-Linear
Class 4-Quadratic

Multinomial coeff.

Class 1-Intercept
Class 1-Slope x1
Class 1-Slope x2
Class 2-Intercept
Class 2-Slope x1
Class 2-Slope x2
Class 3-Intercept
Class 3-Slope x1
Class 3-Slope x2
Residual variance

True

-0.02

-0.75
01
05

-0.25
-0.8

0.75
-0.5

1

Normal X's Nonnormal X's
MAR MCAR MAR MCAR
Ess SD SE %ARB %SB Est SD SE %ARB %SB Est SD SE %ARB %SB Est SD SE %ARB %SB
377 0.18 017 563 -12856 4.00 0.13 0.13 0.01 0.15 378 0.17 017 551 -131.64 4.01 016 013 015 3.86
0.23 014 0.13 13490 98.40 0.10 0.10 0.10 050 0.49 0.23 0.13 0.13 133.20 10278 0.10 0.11 010 280 -2.56
-0.04 002 0.02 8550 -77.03 -0.02 0.02 002 1.00 -1.23 -0.04 0.02 0.02 8650 -83.98 -0.02 0.02 002 150 1.83
254 009 009 6.09 -18756 270 0.08 0.09 0.07 255 253 010 009 6.24 -16177 2.69 012 008 030 -6.84
-0.20 0.06 0.07 34.17 15966 -0.30 0.06 0.07 0.03 0.17 -0.20 0.07 0.07 34.47 15007 -0.30 0.08 0.06 127 473
-0.04 001 0.01 4500 -13235 -0.03 0.01 001 033 -1.10 -0.04 0.01 001 4433 -126.67 -0.03 0.01 001 133 -342
0.90 0.12 0.2 1046 -87.83 1.00 0.13 0.13 0.07 -0.53 090 013 012 954 -73.05 1.00 015 013 0.03 -0.21
031 0.09 0.09 2372 6524 025 010 010 172 -4.25 031 0.09 009 2280 64.92 025 010 010 044 113
0.04 0.01 0.01 1460 -50.00 0.05 0.02 002 180 556 0.04 0.01 001 1440 -5333 0.05 0.01 002 040 -1.36
-0.04 0.07 0.08 23333 -10234 0.02 0.08 0.09 3133 -11.81 -0.03 0.09 0.07 191.00 -63.18 0.04 0.12 008 24.33 5.89
0.05 0.05 0.06 431.00 85.52 0.02 0.06 0.07 51.00 8.99 0.05 0.06 0.06 362.00 65.58 0.00 0.08 0.06 52.00 -6.82
-0.01 0.01 o0.01 -- -70.89 000 001 001 - -674 0.00 0.01 0.01 -- -5529 000 001 0.01 - 6.31
-1.87 0.72 029 87.38 -12064 -1.15 0.79 024 1542 -1955 -1.80 0.26 0.27 79.82 -307.24 -1.04 0.21 022 420 -19.80
113 043 026 1340 31.30 1.14 0.47 0.23 13.73 29.19 1.04 024 024 4.07 16.78 1.04 023 0.23 4.07 17.62
-0.84 034 025 1251 -2756 -0.86 0.33 022 14.67 -33.24 -087 041 039 1635 -30.21 -0.82 0.32 030 9.85 -22.88
-0.28 0.37 0.15 384.90 -10369 0.12 0.38 0.15 1590 4.5 -0.30 0.13 0.15 39520 -29296 0.1 012 015 720 6.14
054 024 016 8.28 17.31 054 024 0.16 7.72 16.38 052 021 021 358 8.53 052 023 021 346 7.68
-0.27 0.18 0.15 6.60 -9.29 -0.27 0.18 0.15 6.76 -9.29 -0.26 0.15 015 592 -9.87 -0.26 0.14 014 568 -9.84
-092 031 018 1464 -37.36 -0.80 033 019 017 -043 -093 0.8 0.18 16.73 -7492 -0.83 0.19 019 365 -1548
0.79 029 019 545 14.22 0.78 0.30 0.20 396 9.90 0.78 0.22 022 453 1558 0.78 024 024 369 11.32
-052 020 0.18 392 -9.92 -0.51 0.22 019 250 -5.79 -055 0.23 023 924 -2017 -0.55 0.25 024 10.42 -20.58
099 0.03 0.03 101 -33.67 1.00 0.03 0.03 039 -1296 099 0.03 0.03 105 -3633 100 003 0.03 048 -17.14

Notes. Multinomial coefficients (intercepts and slopes) are fixed in the last (reference) class for identification purposes. Multinomial coefficients are used to calculate
class membership probabilities. Coeff.= Coefficient. Residual variance was held to be equal across-time and across-class. Est=across-samples average of the estimate.

True =generating parameter. SD=Empirical repeated-sampling standard deviation of the estimate. SE=average analytic standard error of the estimate. MAR=Missing at
random. MCAR= Missing completely at random. %SB=Percent Standardized Bias. ((Est-True)/SD)x100. %ARB=Percent Absolute Relative Bias: |((Est-True)/True)x100]|.
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ONLINE APPENDI X

Endogenous-constrained x- approach with 35% missingness: Estimate, Analytic Standard Error, Empirical Standard Deviation
Percent Absolute Relative Bias, and Percent Standardized Bias for each individual parameter

Parameter

Growth coeff.
Class 1-Intercept
Class 1-Linear
Class 1-Quadratic
Class 2-Intercept
Class 2-Linear
Class 2-Quadratic
Class 3-Intercept
Class 3-Linear
Class 3-Quadratic
Class 4-Intercept
Class 4-Linear
Class 4-Quadratic

Multinomial coeff.

Class 1-Intercept
Class 1-Slope x1
Class 1-Slope x2
Class 2-Intercept
Class 2-Slope x1
Class 2-Slope x2
Class 3-Intercept
Class 3-Slope x1
Class 3-Slope x2
Residual variance

True

-0.02

05
-0.25
-0.8
0.75
-0.5
1

Normal x's Nonnormal x's
MAR MCAR MAR MCAR
Est SD SE %ARB %SB Et SD SE %ARB %SB Est SD SE %ARB %SB Ess SD SE %ARB %SB
400 010 011 006 -237 400 010 011 0.06 -237 400 011 011 004 149 400 011 011 0.03 096
0.10 008 008 290 375 0.10 0.08 0.08 280 3.62 0.10 0.08 008 380 -469 010 0.08 008 370 -457
-0.02 001 001 200 -328 -002 001 001 200 -328 -0.02 0.01 001 350 560 -002 001 001 350 5.60
270 0.06 007 004 182 270 0.06 0.07 004 182 269 008 007 019 -610 269 0.08 007 020 -6.35
-0.30 0.04 005 047 322 -030 0.04 005 043 299 -0.30 0.05 0.05 083 493 -030 005 005 0.83 495
-0.03 001 001 100 -429 -003 001 001 100 -429 -0.03 001 001 o0.67 -263 -0.03 001 0.01 067 -267
100 010 010 049 -476 100 010 010 049 -4.77 1.00 011 010 0.26 230 1.00 011 010 0.21 1.86
025 008 008 044 -141 025 008 008 044 -141 025 007 008 060 -207 025 0.07 008 0.64 -221
005 001 001 100 3.97 005 001 0.01 100 3.97 0.05 0.01 0.01 040 180 0.05 0.01 001 0.40 1.80
0.03 006 007 1533 -7.67 003 006 007 16.00 -799 004 009 007 2933 1014 0.04 0.09 0.07 2867 9.89
0.01 005 005 3800 843 0.01 0.05 0.05 39.00 8.63 0.01 005 0.05 49.00 -950 0.01 0.05 0.05 49.00 -9.48
0.00 001 0.01 -- -7.04 000 0.01 o0.01 -- -7.04 0.00 0.01 0.01 -- 7.69 0.00 001 0.01 -- 7.69
-1.11 068 023 1149 -1690 -1.14 0.74 021 1400 -1899 -1.38 0.53 031 3833 -7247 -1.05 019 019 493 -26.03
1.10 041 025 1016 2450 112 046 022 1201 2633 108 026 025 7.84 2974 102 023 023 171 758
-0.82 033 024 885 -2025 -085 033 021 13.09 -30.02 -1.33 0.88 049 77.73 -66.44 -0.80 031 029 6.72 -16.15
011 036 012 1040 291 0.11 036 0.2 1180 3.32 0.10 0.10 012 150 -154 010 010 012 200 -1.98
054 024 016 766 1617 053 023 016 634 1368 057 023 022 1396 3011 050 022 021 020 046
-0.27 018 0415 632 -897 -026 018 015 580 -802 -0.22 013 014 1292 2429 -026 014 014 456 -8.02
-081 030 016 097 -257 -081 031 016 105 -275 -0.82 015 016 289 -1515 -084 016 0.16 481 -23.99
079 028 019 487 1282 077 030 020 260 657 0.82 023 022 971 3118 076 024 023 111 349
-052 020 018 344 -874 -051 021 019 148 -345 -050 020 021 010 026 -054 025 024 882 -17.77
1.00 0.02 0.02 027 -1144 100 0.02 0.02 027 -1144 100 0.02 0.02 0.27 -1195 100 002 0.02 027 -11.9

Notes. Multinomial coefficients (intercepts and slopes) are fixed in the last (reference) class for identification purposes. Multinomial coefficients are used to calculate

class membership probabilities. Coeff.= Coefficient. Residual variance was held to be equal across-time and across-class. %ARB, %SB, Est., SD, SE,
MAR, and MCAR were defined in the Table A.2 notes.
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Online Appendix Table A.4
Exogenous x- approach with 15% missingness: Estimate, Analytic Standard Error, Empirical Standard Deviation

Percent Absolute Relative Bias, and Percent Standardized Bias for each individual parameter

Normal x's Nonnormal X's
MAR MCAR MAR MCAR
Parameter True Est SD SE %ARB %SB Est SD SE %ARB %SB Est SD SE %ARB %SB Est SD SE %ARB %SB
Growth coeff.
Class 1-Intercept 4 389 012 013 284 -9198 400 011 012 0.09 -3.18 388 0.13 013 290 -8841 400 013 011 0.03 0.87
Class 1-Linear 01 017 010 010 7220 74.36 0.10 0.09 009 220 257 0.17 010 0.10 6820 67.79 0.10 0.09 0.09 1.00 -1.11

Class 1-Quadratic -0.02 -0.03 002 0.02 4700 -61.04 -0.02 001 0.01 100 -147 -0.03 0.02 002 4300 -5409 -0.02 001 001 100 144
Class 2-Intercept 27 263 007 008 270 -10550 270 007 0.08 0.02 -0.76 262 009 008 290 -86.15 269 010 007 0.23 -6.52

Class 2-Linear -03 -025 005 006 1570 9477 -030 0.05 0.06 047 288 -0.25 0.06 0.06 1553 79.52 -0.30 0.06 0.06 0.83 4.08
Class 2-Quadratic -0.03 -0.04 001 0.01 2067 -7848 -003 001 001 067 -2.56 -0.04 0.01 001 1933 -6591 -003 001 0.01 0.67 -220
Class 3-Intercept 1 096 011 011 438 -3964 100 011 011 047 -414 096 011 011 383 -33.74 1.00 012 011 0.01 -0.08
Class 3-Linear 025 027 008 008 860 2581 025 009 009 072 -211 027 008 0.08 940 3104 025 008 009 0.24 0.75

Class 3-Quadratic 005 005 001 001 460 -1729 005 0.01 001 120 438 005 0.01 0.01 600 -25.42 005 0.01 0.01 020 -0.82
Class 4-Intercept 003 000 0.06 0.07 9500 -4575 002 0.07 007 19.00 -8.65 0.01 009 0.07 53.33 -18.16 0.04 010 007 2433 7.34

Class 4-Linear 001 003 005 0.05 177.00 37.58 0.01 0.05 0.06 4200 8.64 0.02 0.05 0.05 94.00 17.60 0.01 0.06 0.06 49.00 -8.13
Class 4-Quadratic 0 0.00 0.01 0.01 --  -31.08 000 0.01 o0.01 - -6.49 0.00 0.01 o0.01 - -1481 0.00 0.01 o0.01 -  6.67
Multinomial coeff.

Class 1-Intercept -1 -143 068 022 4293 -6345 -1.13 071 021 1277 -1802 -1.37 020 020 36.65 -180.19 -1.04 0.18 0.19 3.63 -19.86
Class 1-Slope x1 1 1.11 040 021 1064 26.78 1.13 042 0.20 1256 30.13 1.03 021 020 3.08 14.79 1.03 0.20 020 314 1555

Class 1-Slope x2 -0.75 -083 028 020 10.72 -2887 -0.84 029 019 1223 -3218 -0.83 031 0.29 1067 -2569 -0.81 028 026 844 -2291
Class 2-Intercept 01 -004 035 013 14170 -3995 011 036 013 1390 3.81 -0.06 0.11 0.13 159.20 -150.90 0.10 0.10 0.13 260 2.56
Class 2-Slope x1 05 054 022 014 812 1829 054 022 014 858 19.14 051 019 018 230 6.15 051 019 019 290 7.60
Class 2-Slope x2 -0.25 -027 016 013 904 -1443 -027 016 013 7.72 -11.92 -026 013 012 472 -9.21 -0.26 013 012 316 -6.25

Class 3-Intercept -0.8 -085 031 016 568 -1468 -0.80 031 017 046 -1.18 -0.86 016 016 776 -3819 -082 016 017 280 -14.01
Class 3-Slope x1 075 078 028 017 455 1224 0.78 028 018 432 1152 077 020 020 255 958 0.77 021 020 3.03 11.02
Class 3-Slope x2 -05 -052 019 016 382 -1029 -052 020 017 378 -9.65 -053 020 020 592 -1451 -053 021 021 6.44 -1527

Residual variance 1 099 003 003 071 -2741 100 003 003 032 -1270 099 003 0.03 0.74 -29.37 1.00 0.02 003 033 -1341

Notes. Multinomial coefficients (intercepts and slopes) are fixed in the last (reference) class for identification purposes. Multinomial coefficients are used to calculate
class membership probabilities. Coeff.= Coefficient. Residual variance was held to be equal across-time and across-class. %ARB, %SB, Est., SD, SE,
MAR, and MCAR were defined in the Table A.2 notes.
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Endogenous-constrained-x approach with 15% x-missingness: Estimate, Analytic Standard Error, Empirical Standard Deviation
Percent Absolute Relative Bias, and Percent Standardized Bias for each individual parameter

Parameter

Growth coeff.
Class 1-Intercept
Class 1-Linear
Class 1-Quadratic
Class 2-Intercept
Class 2-Linear
Class 2-Quadratic
Class 3-Intercept
Class 3-Linear
Class 3-Quadratic
Class 4-Intercept
Class 4-Linear
Class 4-Quadratic

Multinomial coeff.

Class 1-Intercept
Class 1-Slope x1
Class 1-Slope x2
Class 2-Intercept
Class 2-Slope x1
Class 2-Slope x2
Class 3-Intercept
Class 3-Slope x1
Class 3-Slope x2
Residual variance

True

-0.02

05
-0.25
-0.8
0.75
-0.5
1

Normal x's Nonnormal xX's
MAR MCAR MAR MCAR
Est SD SE %ARB %SB Est SD SE %ARB %SB Est SD SE %ARB %SB Est SD SE %ARB %SB
400 010 0411 006 -247 400 010 041 0.06 -227 400 011 041 003 0.87 400 011 011 004 122
0.10 0.08 0.08 280 362 0.10 008 008 280 3.63 0.10 008 008 370 -457 0.10 008 008 380 -4.69
-0.02 001 001 200 -328 -0.02 0.01 001 200 -3.28 -0.02 001 001 350 5.60 -0.02 0.01 001 350 5.60
270 0.06 007 004 182 270 006 007 0.05 216 269 008 007 019 -6.12 269 008 007 020 -6.47
-0.30 0.04 005 043 299 -0.30 0.04 005 043 299 -0.30 0.05 0.05 0.83 493 -0.30 0.05 0.05 0.83 4.93
-0.03 001 001 100 -429 -0.03 0.01 001 100 -4.29 -0.03 001 001 100 -395 -003 001 001 100 -39
1.00 010 010 050 -4.86 100 010 010 049 -4.76 100 011 010 049 1.68 100 011 010 018 1.60
025 008 008 044 -141 025 008 008 040 -1.28 025 007 008 0.60 -207 025 007 008 056 -1.94
005 001 001 1.00 397 005 001 001 100 3.97 005 001 001 040 1.80 005 001 001 040 1.80
0.03 006 0.07 1500 -7.49 0.03 006 007 1500 -7.50 0.04 009 007 29.67 1024 0.04 009 007 29.33 10.10
0.01 005 0.05 38.00 843 0.01 005 0.05 3800 843 0.01 005 005 50.00 -9.69 0.01 005 0.05 49.00 -9.48
000 001 001 - -704 000 0.01 0.01 - -7.04 0.00 001 0.01 -- 7.69 000 001 001 - 7.69
-1.11 066 020 1050 -15.82 -1.12 0.69 020 12.05 -1746 -1.10 024 021 1015 -4229 -1.04 017 018 4.02 -23.14
1.10 039 020 974 2470 112 041 049 1206 29.12 105 021 020 524 2444 1.02 020 020 249 1249
-0.82 027 020 9.79 -2681 -0.84 028 019 1165 -30.86 -092 042 033 2305 -40.75 -081 027 026 7.44 -20.58
011 035 012 1220 346 0.11 036 012 1340 3.76 0.10 010 012 090 -0.94 0.10 010 012 050 -0.52
054 022 014 7.92 1783 054 022 014 822 1842 053 019 019 6.22 1599 051 019 019 206 545
-0.27 016 013 888 -1420 -0.27 016 013 724 -11.19 -025 012 012 184 3.80 -0.26 013 012 3.04 -6.00
-081 030 016 106 -281 -081L 030 016 086 -2.27 -0.82 015 015 264 -1392 -083 015 016 346 -18.05
0.78 028 0.17 445 1200 078 028 018 393 10.53 079 020 020 4.91 18.08 0.77 020 020 239 8381
-052 018 016 366 -992 -052 019 017 340 -873 -050 018 019 074 -201 -053 021 021 6.28 -14.95
1.00 0.02 0.02 027 -1144 100 0.02 0.02 027 -1144 100 0.02 002 027 -1195 100 0.02 0.02 027 -11.89

Notes. Multinomial coefficients (intercepts and slopes) are fixed in the last (reference) class for identification purposes. Multinomial coefficients are used to calculate
class membership probabilities. Coeff.= Coefficient. Residual variance was held to be equal across-time and across-class. %ARB, %SB, Est., SD, SE,
MAR, and MCAR were defined in the Table A.2 notes.
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Online Appendix Table A.6. Comparison of the conventional multivariate, endogenous-
constrained-x, and exogenous-x approaches using complete-case data and parameters from
Arminger et a. (1999) with x's correlated at .60: Results averaged across 500 repeated samples

of N=500.

Estimate (SE) averaged across repeated samples

. Conditional Conditional
Conventiond mixture: mixture:
Generating mul tivariate Endoge_nous— EX0genous-x

Parameter value mixture constrained-x
Class1
intercept () -5 -.009 (.244) -.500 (.057) -.500 (.057)
sopeof yonx; () -1 -.255 (.359) -.996 (.067) -.996 (.067)
slope of y on x; (74) -15 -.042(.368)  -1.501 (.067) -1.501 (.067)
slope of y on Xz (#{") 5 .040 (.375) 500 (.071) 500 (.071)
residual variance (o°®) 5 1.153 (.101) 486 (.060) 486 (.060)
Class 2
Intercept (u®) 5 -.007 (.267) 497 (.079) 497 (.079)
dopeof yonx (1?) 1 .043 (.198) 1.001 (.093) 1.001 (.093)
slope of y on X, (72) 15 -.003 (.198) 1.498 (.094) 1.498 (.094)
slope of y on xs (7?) -5 -.020 (.199) -.496 (.098) -.496 (.098)
residual variance (o2®) 1 9.298 (.964) 982 (.110) 982 (.110)
multinomial intercept(™) 0 291 (.109) .002 (.137) .002 (.137)
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Online Appendix Table A.7. Comparison of the conventional multivariate, endogenous-

constrained-x, and exogenous-x approaches using complete-case data and parameters from
Arminger et a. (1999) with x's correlated at .60: Results shown for a single sample of N=500

Estimate (SE) for a single sample

Conventional Conditional Conditional
multivariate mixture: mixture:
Generating mixture Endogenous- EX0genous-x
Parameter value constrained-x
Class1
intercept (@) -5 -.013(.178) -.566 (.055) -.566 (.055)
dopeof yonx; (y&®) -1 -.112 (.238) -.927 (.067) -.927 (.067)
slope of y on x; (y®) -15 296 (.336)  -1.503(.057) -1.503 (.057)
slope of yon xs (") 5 .026 (.333) 483 (.064) 483 (.064)
residual variance (o2® ) 5 1.143 (.100) 459 (.053) 459 (.053)
Class 2
Intercept (u?) 5 041 (.312) .399 (.077) 399 (.077)
dopeof yonx; (#?) 1 -.198 (.227) .972 (.086) .972 (.086)
slope of y on x; (y2) 1.5 -.057 (.208) 1.668 (.087) 1.668 (.087)
dopeof yonxs (y4?) -5 .059 (.236) -.557 (.102) -.557 (.102)
residual variance (o2?) 1 12.299 (1.321) .998 (.106) .998 (.106)
multinomial intercept(2™”) 0 470 (.111) -.016 (.133) -.016 (.133)






