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Mplus 7.11 Syntax for MNAR-PP LTA with missingness starting at time 2 (as in Equation (6)
and Figure 2 Panel A) where J=8, K=4, Q=3, and T=3.

DATA: FILE = yourdataset.dat; ! identify dataset name

VARIABLE:
NAMES = id t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 tZm1-t2m8 t3m1-t3m8;
!'list all variable names in the dataset
'tly1-t1y8 are the ] binary outcomes at time 1
I't2y1-t2y8 are the | binary outcomes at time 2
I't3y1-t3y8 are the ] binary outcomes at time 3
I't2m1-t2m8 are the ] binary missingness indicators at time 2
't3m1-t3m8 are the ] binary missingness indicators at time 3
MISSING=.; !identify missingness code for y-outcomes in dataset (here, a period)
USEVARIABLES ARE t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 t2m1-t2m8 t3m1-t3m8;
!identify all dataset variables used in this particular analysis
CATEGORICAL = t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 t2m1-t2m8 t3m1-t3mS3;
! declare all y-outcomes and missingness indicators as categorical
CLASSES =cly (4) c2y (4) c2m (3) c3y (4) c3m (3) ;
I'label t1, t2, t3 categorical latent variables in outcome process as cly, c2y, c3y, respectively
I'label t2, t3 categorical latent variables in missingness process as c2m, c3m, respectively
I'In () specify # of latent states for categorical latent variables in outcome process (here 4)
I'In () specify # of latent states for categorical latent variables in missingness process (here 3)
ANALYSIS: TYPE = MIXTURE; STARTS=50 5; ESTIMATOR=ML;
! declare that model is a mixture and specify estimation options

MODEL:
%OVERALL%
I'In %0OVERALL% specify structural relations between outcome & missingness processes
c2y on cly; Icorresponds with manuscript Equation (3)
c2m on c2y cly; !corresponds with manuscript Equation (7)
c3y on c2y; Icorresponds with manuscript Equation (3)

¢3m on c2m c2y c3y; !corresponds with manuscript Equation (8)

I below, measurement invariance imposed within-state across-time in outcome process
I'via list constraint (a1-a8) for thresholds in outcome state 1,

I'and list constraint (b1-b8) for thresholds in outcome state 2,

I'and list constraint (c1-c8) for thresholds in outcome state 3,

I'and list constraint (d1-d8) for thresholds in outcome state 4

MODEL cly: !specify outcome process submodel at time 1
%cly#1% l!outcome state 1 attl
[t1y1$1-t1y8$1] (al-a8); !thresholds for J=8 y-outcomes
%cly#2% l!outcome state 2 at tl
[t1y1$1-t1y8%$1] (b1-b8); !thresholds for J=8 y-outcomes
%cly#3% l!outcome state 3 attl
[t1y1$1-t1y8$1] (c1-c8); !thresholds for J=8 y-outcomes
%cly#4% l!outcome state 4 at tl
[t1y1$1-t1y8%$1] (d1-d8); !'thresholds for =8 y-outcomes

MODEL c2y: !specify outcome process submodel at time 2
%c2y#1% !outcome state 1 at t2
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[t2y1$1-t2y8$1] (al-a8); !thresholds for J=8 y-outcomes
%c2y#2% loutcome state 2 at t2
[t2y1$1-t2y8$1] (b1-b8); !thresholds for |=8 y-outcomes
%c2y#3% !outcome state 3 at t2
[t2y1$1-t2y8$1] (c1-c8); !thresholds for =8 y-outcomes
%c2y#4% loutcome state 4 at t2
[t2y1$1-t2y8$1] (d1-d8); !thresholds for |=8 y-outcomes

MODEL c3y: !specify outcome process submodel at time 3
%c3y#1% loutcome state 1 at t3

[t3y1$1-t3y8$1] (al-a8); !thresholds for J=8 y-outcomes
%c3y#2% loutcome state 2 at t3

[t3y1$1-t3y8$1] (b1-b8); !thresholds for |=8 y-outcomes
%c3y#3% loutcome state 3 at t3

[t3y1$1-t3y8$1] (c1-c8); !thresholds for =8 y-outcomes
%c3y#4% loutcome state 4 at t3

[t3y1$1-t3y8$1] (d1-d8); !thresholds for |=8 y-outcomes

I below, measurement invariance imposed within-state across time in missingness process
I'via list constraint (e1-e8) for thresholds in missingness state 1,
I'and list constraint (f1-f8) for thresholds in missingness state 2,
I'and list constraint (g1-g8) for thresholds in missingness state 3

MODEL c2m: !specify missingness process submodel at time 2
%cZ2m#1% !missingness state 1 at t2

[t2m1$1-t2m8$1] (e1-e8); !thresholds for =8 m-indicators
%c2m#2% !missingness state 2 at t2

[t2m1$1-t2m8%$1] (f1-f8); !thresholds for J=8 m-indicators
%c2m#3% !missingness state 3 at t2

[t2m1$1-t2m8$1] (g1-g8); !thresholds for J=8 m-indicators

MODEL c3m: !specify missingness process submodel at time 3
%c3m#1% !missingness state 1 at t3

[t3m1$1-t3m8%$1] (e1-e8); !thresholds for J=8 m-indicators
%c3m#2% !missingness state 2 at t3

[t3m1$1-t3m8$1] (f1-f8); !thresholds for =8 m-indicators
%c3m#3% !missingness state 3 at t3

[t3m1$1-t3m8%$1] (g1-g8); !thresholds for ]=8 m-indicators

Note. MNAR-PP LTA= Missing not at random parallel process latent transition model.
Missingness indicators t2m1-t2Zm8 t3m1-t3m8 are 1 if missing, 0 if present.
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Mplus 7.11 Syntax for MNAR-PP LTA with missingness starting at time 1 (as in Equation (11)
and Figure 2 Panel B) where J=8, K=4, and Q=3

lcomments only provided for commands that differ from previous syntax
DATA: FILE = yourdataset2.dat;
VARIABLE: NAMES = id t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 t1m1-t1m8 tZm1-t2m8 t3m1-t3m8;
I now dataset also contains t1m1-t1m8, the ] binary missingness indicators at time 1
MISSING=. ;
USEVARIABLES ARE t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 t1m1-t1m8 tZm1-t2m8 t3m1-t3m8;
CATEGORICAL = t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 t1m1-t1m8 t2m1-t2m8 t3m1-t3m8;
'now t1m1-t1m8 are also used in analysis and declared as categorical
CLASSES =cly (4) c1m (3) c2y (4) c2m (3) c3y (4) c3m (3) ;
' now also include label for t1 categorical latent variable in missingness process: c1m
ANALYSIS: TYPE = MIXTURE; STARTS=50 5; ESTIMATOR=ML;
MODEL:
%OVERALL% !now structural relations reflect Equation (11) and Figure 2 Panel B
clm on cly; Inow t1 missingness states are regressed on t1 outcome states
c2y on cly;
c2m on c2y cly clm; Inow t2 missingness states are also regressed on t1 outcome states
c3y on c2y;
c3m on c2m c2y c3y;

MODEL cly:

%cly#1% [tly1$1-t1y8%$1] (al-a8);
%cly#2% [tly1$1-t1y8$1] (b1-b8);
%cly#3% [t1ly1$1-t1y8$1] (c1-c8);
%cly#4% [tly1$1-t1y8$1] (d1-d8);
MODEL c2y:

%c2y#1% [t2y1$1-t2y8$1] (al-a8);
%c2y#2% [t2y1$1-t2y8$1] (b1-b8);
%c2y#3% [t2y1$1-t2y8$1] (c1-c8);
%c2y#4% [t2y1$1-t2y8%1] (d1-d8);
MODEL c3y:

%c3y#1% [t3y1$1-t3y8$1] (al-a8);
%c3y#2% [t3y1$1-t3y8$1] (b1-b8);
%c3y#3% [t3y1$1-t3y8$1] (c1-c8);
%6c3y#4% [t3y1$1-t3y8$1] (d1-d8);

Ibelow, measurement invariance imposed within-state across times 1-3 in missingness process

MODEL c1m: Ispecify missingness process submodel at time 1
%c1lm#1% !missingness state 1 at tl
[t1m1$1-t1m8$1] (el-e8); !thresholds for =8 m-indicators
%clm#2% !missingness state 2 at tl
[t1m1$1-t1m8$1] (f1-f8); !thresholds for =8 m-indicators
%clm#3% !missingness state 3 attl
[t1m1$1-t1m8$1] (g1-g8); !thresholds for =8 m-indicators
MODEL c2m:
%c2m#1% [t2m1$1-t2m8$1] (el-e8);
%c2m#2% [t2m1$1-t2m8%$1] (f1-f8);
%c2m#3% [t2m1$1-t2m8$1] (g1-g8);
MODEL c3m:
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%c3m#1% [t3m1$1-t3m8$1] (el-e8);
9%c3m#2% [t3m1$1-t3m8$1] (f1-f8);
%c3m#3% [t3m1$1-t3m8$1] (g1-g8);

Note. MNAR-PP LTA= Missing not at random parallel process latent transition model.
Missingness indicators t1m1-t1m8, t2m1-t2m8, and t3m1-t3m8 are 1 if missing, 0 if present.
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Online Appendix Table OA1. Simulation results for N=1000: Percent Absolute Relative Bias (%ARB)
for multinomial coefficient structural parameters in the outcome process

MNAR Missingness mechanism MAR Missingness mechanism
Parameter Pop. Fit MNAR-PP Fit Conventional Fit MNAR-PP Fit Conventional
Value LTA LTA LTA LTA
AvgEst %ARB AvgEst %ARB AvgEst %ARB AvgEst %ARB
Wy -1.2 -1.213 1.10 -1.231 2.56 -1.212 1.02 -1.214 1.20
Dy o -0.9 -0.874 2.90 -0.831 7.67 -0.837 6.95 -0.848 5.73
&1 -1.2 -1.202 0.20 -1.305 8.74 -1.238 3.17 -1.235 2.88
Ay, -2 -0.9 -0.900 0.05 -0.894 0.66 -0.862 4.23 -0.905 0.52
%, 1 -1.2 -1.247 3.90 -1.411  17.57 -1.250 4.14 -1.253 4.42
Ay, - -0.9 -0.942 4.63 -0.953 5.89 -0.949 5.42 -0.940 4.42
ﬂkz _1)¢) =1 2.0 2.033 1.64 1.900 4.99 2.142 7.12 2.106 5.31
ﬂkz:llc}:2 1.0 0.956 4.45 0.760 2397 1.008 0.77 1.032 3.15
ﬂk2:2|c1y -1 1.0 0.873 12.74  0.722  27.82 1.048 4.78 1.016 1.62
ﬂkz:2|91y:2 1.5 1.530 2.01 1.256 16.28 1.543 2.84 1.593 6.23
ﬂk3:l|c2y -1 1.75 1.815 3.73 1.762 0.70 1.861 6.34 1.849 5.68
ﬂk3:1|c2y:2 1.0 1.056 5.58 0.798  20.24 1.037 3.72 1.058 5.84
ﬂk3=2|cg=1 1.0 0.958 4.15 0.769  23.06 1.042 4.16 0.999 0.09
ﬂk3:2|cg:2 1.5 1.636 9.05 1.430 4.65 1.682 12.12 1.682 12.14
Average %ARB 4.34 12.88 4.90 4.36

Notes. MNAR-PP LTA=Missing-not-at-random parallel process LTA; Pop. value=population
parameter value. MAR=missing-at-random. Avg. Est.=average estimate. Tabled estimates are from
samples that converged without estimation problems. Specifically, for samples generated with MAR
missingness, 338-402 encountered no estimation problems, depending on fitted model. For samples
generated with MNAR missingness, 291-302 encountered no estimation problems, depending on
fitted model. Average %ARB is computed for the multinomial coefficient structural parameters
pertaining to timepoints = 2 (there was no missingness at t=1).
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Online Appendix Table OA2. Simulation results for N=1000: Percent Absolute Relative Bias (%ARB)
for threshold measurement parameters in the outcome process

MNAR Missingness mechanism MAR Missingness mechanism
Parameter Pop. Fit MNAR-PP Fit Conventional Fit MNAR-PP Fit Conventional
Value LTA LTA LTA LTA

AvgEst  %ARB AvgEst %ARB AvgEst %ARB AvgEst %ARB

Vi =1 -0.90 -0.900 0.05 -0.941 4.52 -0.922 2.47 -0.917 1.92
Vyati -1 -1.69  -1.819 7.64 -1.894 1210 -1.814 7.32 -1.826 8.03
Vst -1 -2.20  -2.314 5.20 -2.363 7.39 -2.293 4.24 -2.293 4.22
Vyatk -1 -1.25 -1.267 1.39 -1.330 6.41 -1.277 2.20 -1.279 2.30
Vystk =1 -1.48  -1.552 4.87 -1.657 1194 -1.566 5.81 -1.555 5.05
Vit =2 0.32 0.310 3.07 0.307 4.05 0.338 5.51 0.326 1.97
Vyatk =2 0.95 0.971 2.18 0.965 1.54 0.981 3.29 0.978 2.93
Yyt =2 -0.20  -0.189 543 -0.174 13.13 -0.192 4.07 -0.193 3.45
Vyatk =2 0.15 0.157 4.89 0.147 2.28 0.152 1.57 0.149 0.90
Vysti, =2 0.55 0.573 4.12 0.571 3.84 0.573 4.11 0.562 2.21
Vi =3 2.10 2.124 1.16 2.152 2.47 2.145 2.16 2.139 1.85
Vyotk =3 2.67 2.687 0.63 2.663 0.27 2.710 1.50 2.704 1.28
Vyatk, -3 1.80 1.834 1.90 1.849 2.72 1.859 3.27 1.838 211
Vyatk =3 2.55 2.611 2.39 2.668 4.64 2.688 5.42 2.648 3.84
Vystk =3 2.30 2.323 1.01 2.327 1.16 2.346 1.99 2.339 1.69
Average %ARB 3.06 5.23 3.66 2.92

Notes. See Table OA.1 notes.
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Online Appendix Table OA3. Structural parameter results from Manuscript Table 2 converted into a
probability metric using Equations (2)-(4): Marginal and Conditional probabilities from the
outcome process

MNAR Missingness mechanism MAR Missingness mechanism

Parameter Pop. Fit MNAR-PP Fit Conventional Fit MNAR-PP Fit Conventional

Value LTA LTA LTA LTA
Avg Est Avg Est Avg Est Avg Est

T 176 176 170 176 175
Ti=2 238 241 240 240 240
a% 586 583 591 584 585
Ty 247 248 225 246 246
Tky=2 304 304 284 308 308
7,3 449 448 491 446 446
Ty 259 259 222 259 258
Tiy=2 330 332 308 332 333
Ty=3 411 409 470 410 409
Tp=t= 514 520 483 515 515
Tpmthy=2 225 223 196 222 221
Tp=1=3 176 176 163 175 175
D=2 =1 255 250 224 256 256
Tip=2=2 500 504 465 506 508
Tkp=2=3 238 238 228 242 242
D=3 =1 231 230 293 229 229
T,=3k,=2 275 272 339 272 271
Ti,=3k=3 586 586 .609 583 583
D=k, 452 454 420 455 454
D=1k, =2 225 223 184 224 223
Tg=1k,=3 176 176 154 175 174
Tg=2 -1 288 287 261 288 288
Tkg=2lk,=2 500 504 474 502 504
D=2 k,=3 238 239 233 238 239
D=3 kot 261 258 319 258 258
Tg=3k,=2 275 273 342 274 273
Tki=3k,=3 586 585 613 587 587

Notes. Pop. value=population parameter value. Avg. Est.=average estimate.
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Online Appendix Table 0A4. Measurement parameter results from Manuscript Table 3 converted
into a probability metric using Equation (5): Item endorsement probabilities from the outcome
process

MNAR Missingness mechanism MAR Missingness mechanism

Parameter Pop. Fit MNAR-PP Fit Conventional Fit MNAR-PP Fit Conventional

Value LTA LTA LTA LTA

Avg Est Avg Est Avg Est Avg Est

Pyt k=1 711 712 720 712 712
Pyt =1 844 847 856 847 848
Pyst k-1 900 902 907 901 901
Pyatik =1 777 776 .785 778 .778
Pyst k-1 815 .816 824 816 816
Pyit k=2 421 418 427 419 419
Pyat =2 279 277 290 277 277
Pyst =2 550 547 556 550 550
Pyat =2 463 462 474 462 462
Pyst k=2 366 363 375 365 365
Pyit k=3 109 .108 A11 .108 .108
Pyati-3 .065 064 066 .065 .065
Pyt =3 142 141 144 141 141
Pyat k=3 .072 071 .073 071 071
Pyst k=3 .091 091 .093 .090 .090

Notes. LTA= latent transition analysis; MNAR-PP LTA=missing-not-at-random parallel process LTA;
Pop. value=population parameter value. MAR=missing-at-random. Avg. Est.=average estimate.
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Online Appendix Table OA5. Structural parameter results from Manuscript Table 4 converted into a
probability metric using formulas in Equations (7) and (8): Selected conditional probabilities from

the missingness process

MNAR Missingness
mechanism

Fit MNAR-PP LTA

MAR Missingness
mechanism

Fit MNAR-PP LTA

Pop. Pop.
Parameter Value Avg Est Value Avg Est
Ta,=tk=Lk,=1 777 779 254 251
Top=1lky=2.k,-1 622 624 254 251
Ta,=1 k=3 k=1 182 178 254 250
To, =tk =1k,=2 688 678 254 248
To, =1k =2k,=2 500 498 254 249
To,=1 k=3 k,=2 119 114 254 248
To,-1lk=1k,=3 223 216 254 255
To,=1l=2k,=3 119 115 254 255
Tap=1l,=3.k,=3 018 017 254 254
Tap=2lky=1k,=1 223 221 746 749
Tap=2ky=2k,=1 378 376 746 749
To,=21k=3k,=1 818 822 746 750
To,=2lk=1k,=2 312 322 746 752
To,=2=2,k,=2 500 502 746 751
To,=2k=3k,=2 881 886 746 752
To,=2k=1k,=3 777 784 746 745
To,=2=2k,=3 881 .885 746 745
Tap=2k,=3.k,=3 982 983 746 746
Tay=11g,=1kp=1ky=1 940 942 508 .509
Tay=110,=2.k, =L ks=1 905 906 385 .385
Tay=11g,=1.k, =2,k5=1 .852 854 508 .509
Tay=tla,=2.k,=2.k; =1 777 778 385 384
Tau=11g,=1.k,=3 k=1 500 500 508 .509
Tog=tj,=2.k, =3 ks=1 378 374 385 384
Tay=1la,=1k,=1ks=2 852 855 508 504
Tog=t1g,=2.k,=1k;=2 777 779 385 379
Tay=tja,=1k, =2 k=2 679 681 508 504

10
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T gy=11g,=2,k, =2,k; =2
=10, =1k, =3 ky=2
Tg,=11g,=2,k,=3 k; =2
T =110, =L k=L ky=3
T a=10,=2,k, =L ky =3
Tas=110p =1k, =2,k;=3
T as=110,=2,k, =2 ky=3
T a=1]dp =L ky=3,k;=3
T a=110,=2,k, =3,k; =3
7,210, =L ky=Lkg=1
Tg,=21,=2,ky =1k, =L
Tay=2 =Lk, =2.ks =1
T =2 [q,=2,ky=2,ks =1
T 4y=2 g, =Lk, =3 ks=1
T 4y=210,=2,kp=3,ks =1
z-q3:2 la,=1,k,=1,k;=2
T 4a=21a,=2,ky =L ks =2
Tg,=210,=1ky=2,k; =2
Tg,=210,=2,ky=2,ks=2
Toy=21g,=1k,=3.k;=2
T =2 (g, =2,ky =3 ks =2
T 4y=2 g, =Lk, =L ks =3
T4,=210,=2,kp =1 ky=3
Tas=21,=1k, =2,k=3
Tay=210,=2,k,=2,k;=3
Tay=2,=1k, =3 k;=3

Tg,=210,=2,k,=3 ks =3

562
269
.182
.500
378
269
182
.060
.037
.060
.095
.148
223
.500
622
148
223
321
438
731
.818
.500
622
731
.818
940
963

561
267
179
487
.362
256
171
.055
.034
.058
.094
.146
222
.500
.626
.145
221
319
439
733
821
513
.638
744
.829
.945
966

.385
.508
.385
.508
.385
.508
.385
.508
.385
493
615
493
615
493
615
493
615
493
615
493
615
493
615
493
615
493
615

379
.503
379
.509
.385
.509
.384
.509
.384
491
.615
491
.616
491
.616
496
621
496
621
497
621
491
.615
491
.616
491
.616

Notes. LTA= latent transition analysis; MNAR-PP LTA=missing-not-at-random parallel process LTA;

Pop. value=population parameter value. MAR=missing-at-random. Avg. Est.=average estimate.
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into a probability metric using Equation (9): Item endorsement probabilities from the missingness

process

MNAR MAR
Missingness Missingness
mechanism mechanism
Parameter Pop. Fit MNAR-PP Fit MNAR-PP
Value LTA LTA
Avg Est Avg Est
Phit g, .681 .681 .682
Pratig-1 .613 612 612
Prn3t|g,-1 715 715 715
Pratig1 .646 .646 .645
Phnst|g,-1 .657 .657 .658
Prnit|g,=2 165 165 165
Pratig-2 .095 .095 .095
Prst|g-2 146 145 146
Pratjg-2 076 076 .076
Prstig2 119 119 119

Notes. LTA= latent transition analysis; MNAR-PP LTA=missing-not-at-random parallel process LTA;

Pop. value=population parameter value. MAR=missing-at-random. Avg. Est.=average estimate.

12



Online Appendix

Online Appendix Table OA7. Standard Errors for multinomial coefficient structural parameters in
the outcome process

MNAR Missingness mechanism MAR Missingness mechanism

Fit MNAR-PP LTA Fit Conventional LTA Fit MNAR-PP LTA Fit Conventional LTA

Avg  Empiri Avg Empiri Avg Empiri Avg Empiri

SE  -calSD %ARB SE -calSD %ARB SE -calSD %ARB SE -calSD %ARB
SE(a)kl:l) 105 102 286 135 128 453 113 107 551 111  .107 3.48
SE(a)klzz) .097 .097 033 .123 .124 0.78 .118 .118 0.17 .115 .118 2.29
SE(akzzl) 120 113 592 145 136 590 .121 .121 035 .118 120 149
SE(akzzz) 120 120 0.62 145 142 152 .148 .148 060 .135 137 1.61
SE(ak3:1) 123 126 279 153 153  0.02 .147 139 498 143 138 3.97
SE(ak3:2) 158 .148 634 181 166 832 .185 .190 287 .174 177 1.64

161 .158 193 .165 .62 216 .160 165 3.08 .158 164 3.87
SE(ﬂkzzﬂcly:l)

(ﬂ ) 240 233 2.85 259 247 4.73 .238 241 1.30 .237 241 1.39

kp=1¢) =2
SE(ﬂ ) .293 .284 3.04 347 327 551 .275 274 0.29 .275 274 0.21

k, =2|¢f =1
.255 .255 0.01 .270 .277 2.69 .286 .287 0.06 .288 .287 0.39

SE(B, o)
172 172 0.12 .166 .170 221 173 .168 277 169 .166 1.36

SE (ﬂka =1lc =1)
260 254 2,10 305 .293 3.79 257 264 2,55 251 .263 4.71

SE(ﬂk3:l|02V:2)
317 326 289 323 321 047 276 275 035 .274 274 0.15

SE(ﬂk3=2|c§’=1)

312 .299 419 354 325 8.20 .340 339 0.08 .336 .339 1.04
SE(ﬂk3:2|c§’:2)

Average %ARB 2.57 3.63 1.78 1.97

Notes. Empirical SD is the standard deviation of the empirical sampling distribution of the
parameter. MNAR-PP LTA=Missing-not-at-random parallel process LTA; Pop. value=population
parameter value. MAR=missing-at-random. Avg. Est.=average estimate.
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Online Appendix

Online Appendix Table OA8. Standard Errors for threshold measurement parameters in the
outcome process

MNAR Missingness mechanism MAR Missingness mechanism

Fit MNAR-PP LTA Fit Conventional LTA Fit MNAR-PP LTA Fit Conventional LTA

Avg  Empiri Avg Empiri Avg Empiri Avg  Empiri
SE -calSD %ARB SE -calSD %ARB SE -calSD %ARB SE -cal SD %ARB

SE(Vyu-1) 080 .078 171 .084 .084 010 .074 .071 3.69 .074 .071 3.41
SE(Vyz,1) 202 192 495 243 229 592 193 177 830 .93 177 808
SE(Vyag 1) 156 161 301 .179 179 012 .148 143 316 .146 .143  2.15
SE(Vya-1) 086 .089 243 .094 .096 163 .081 .081 081 .81 .081 0.28
SE(Vysig 1) 138 129 657 160 .146 873 123 118 355 .121 118  2.10
SE(Vyuk -2) 112 104 655 .144 132 832 120 113 614 .118 113 450
SE(Vyzi-2) 152 145 460 .185 .179 323 162 .156 4.01 .160 .156 2.48
SE(Vysix-2) 132 125 494 169 161 472 145 136 601 .143 136  4.89
SE(Vyuyy-2) 120 118  1.62 .160 .152 490 .135 129 476 .133 129  3.19
SE(Vysix,-2) 130 124 468 162 .156 333 140 134 457 .139 134 3.68
SE(Vyltl'ﬂz?’) 070 .070 039 .082 .084 177 .084 .085 1.18 .084 .085 1.56
SE(Vy2yy,-5) 086 .082 480 .099 .093 597 .101 .095 550 .100 .095 5.04
SE(V,sip,-5) 069 068 117 .087 .084 338 .085 .085 0.57 .084 .085 1.68
SE(Vya,-5) 111 107 330 .143 .38 3.07 .139 137 106 .137 .137 0.30

SE(v
(V5flkt:3) 071 .071 0.10 .087 .083 465 .088 .086 217 .086 .086 0.3

Average %ARB 3.39 3.99 3.70 2.92

Notes. Empirical SD is the standard deviation of the empirical sampling distribution of the
parameter. MNAR-PP LTA=Missing-not-at-random parallel process LTA; Pop. value=population
parameter value. MAR=missing-at-random. Avg. Est.=average estimate.
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Online Appendix

Online Appendix Table OA9. Standard Errors for multinomial coefficient structural parameters and
threshold measurement parameters in the missingness process (available only when MNAR-PP LTA
is fit)

MNAR Missingness MAR Missingness
Mechanism Mechanism
Parameter Fit MNAR-PP LTA Fit MNAR-PP LTA
AS\/§ Emps)gical 9% ARB ASVS. Emggical 9%ARB
SE(a, _,) 419 424 1.08  .098 098 0.14
SE(a, ;) 341 332 248  .097 097 0.31
SE(B, yo) 197 189 430 131 136 426
SE(B, yyo) 228 228 0.14 202 191 499
SE(B, yy.) 380 385 124 160 161  0.53
SE(B, yy,) 502 514 242 327 317 290
SE(B, o) 149 152 189  .087 088 1.29
SE(B, yy) 211 218 323 116 117 0.86
SE(B, yy_) 239 247 331 174 179 2.76
SE(B, ) 309 303 199 134 136 1.75
SE(B, yo_) 466 460 138 274 276 0.52
Average %ARB 2.13 1.84
SE(Vpyqa)  -045 042 587 041 045 1095
SE(Vppyqs) 040 040 1.88  .045 043 4.25
SE(Vyaqa) 044 .045 242 .047 .048 2.10
SE(Vpyyqs) 042 042 0.62  .045 045 1.72
SE(Vpsyqr)  -041 042 247 044 045 0.89
SE(Vpyqo) 038 037 427 040 039 4.01
SE(Vppyq)  -049  .048 3.02  .054 051 5.28
SE(Vigye-2) 038 .040 3.57  .043 042 1.62
SE(Vpayq)  -055  .055 091  .058 060 2.88
SE(Vpsyq2) 041 043 487 045 046 2.08
Average %ARB 2.99 3.58

Notes. MNAR-PP LTA=missing-not-at-random parallel process LTA; Pop. value=population
parameter value. MAR=missing-at-random. Avg. Est.=average estimate.
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Table 0A10. Simulation results: Coverage for multinomial coefficient structural parameters in the

outcome process

Online Appendix

MNAR Missingness mechanism

MAR Missingness mechanism

Parameter Fit MNAR-PP Fit Conventional Fit MNAR-PP Fit Conventional
LTA LTA LTA LTA
o 952 940 946 938
Oy 950 948 968 970
o, 940 894 952 942
o, _, 954 898 952 954
o, 956 814 948 944
o _, 950 932 964 948
By oy 952 770 962 964
By, e 954 880 966 962
By ooy 960 890 964 956
By, a1 -2 964 884 956 954
By o2 944 922 940 950
By tiey—2 952 936 966 968
By ooy 974 948 952 954
By oy 950 860 960 966

Notes. LTA= latent transition analysis; MNAR-PP LTA=Missing-not-at-random parallel process LTA;

MAR=missing-at-random.
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Online Appendix

Table OA11. Simulation results: Coverage for threshold measurement parameters in the outcome
process

MNAR Missingness mechanism MAR Missingness mechanism
Parameter Fit MNAR-PP Fit Conventional Fit MNAR-PP Fit Conventional

LTA LTA LTA LTA
Yyt =1 944 942 946 944
Vyatk =1 940 .968 942 954
Vst =1 976 .988 946 952
Vyatik, -1 940 950 952 954
Vystk, -1 944 952 954 954
Vyitk, =2 932 916 936 938
V2t =2 930 914 930 934
Yy, =2 932 936 920 918
Vyat, =2 944 908 924 932
Vysi, -2 944 926 928 922
Vit =3 968 920 968 970
Vy otk =3 936 932 934 938
Vyatk, =3 946 918 962 962
Vy 4tk =3 944 926 962 958
Vysi, -3 956 912 966 970

Notes. LTA= latent transition analysis; MNAR-PP LTA=missing-not-at-random parallel process LTA;
MAR=missing-at-random.
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Online Appendix

Table OA12. Simulation results: Coverage for multinomial coefficient structural parameters and
threshold measurement parameters in the missingness process (available only when MNAR-PP
LTA is fit)

MNAR Missingness MAR Missingness
Mechanism Mechanism

Parameter Fit MNAR-PP LTA Fit MNAR-PP LTA
X, -1 958 956
Xgy-1 970 950
By sty 952 952
By ories -2 960 944
B iy 956 962
B -ties -2 958 952
Bt 960 944
By 960 946
B csies -2 960 960
By sty 1 966 948
B sy 976 960
Vinitig, =1 936 972
Vinatig,-1 952 938
Vinatjg, -1 952 956
Vinatig,-1 954 946
Vinstig, -1 954 946
Vit =2 938 946
Vinatjg, =2 940 944
Vinstig, -2 958 940
Vinatig, =2 930 948
Vinstiq =2 964 954

Notes. MNAR-PP LTA=missing-not-at-random parallel process LTA; MAR=missing-at-random.



Online Appendix

Mplus 7.11 Syntax for MNAR-SP LTA with missingness starting at time 1 (as in Figure 4)
where J=8, K=Q, and T=3 (See Manuscript Section 6.2 for special limitations of this model).

I comments only provided for commands that differ from previous syntax
DATA: FILE = yourdataset2.dat;
VARIABLE: NAMES = id t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 t1m1-t1m8 t2m1-t2m8 t3m1-t3mS8;
MISSING=. ;
USEVARIABLES ARE t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 t1m1-t1m8 t2m1-t2m8 t3m1-t3m8;
CATEGORICAL = t1y1-t1y8 t2y1-t2y8 t3y1-t3y8 tIm1-t1m8 t2m1-t2m8 t3m1-t3mS8;
CLASSES =c1 (4) c2 (4) c3 (4);
I now single process model has just one categorical latent variable at each t1-t3 (labeled c1-c3)
I now, for single process model, specify just one # of latent states per timepoint (here, 4)
ANALYSIS: TYPE = MIXTURE; STARTS=50 5; ESTIMATOR=ML;

MODEL:
%O0VERALL% !now structural relations reflect constraints in Section 6.2 & Figure 4
c2oncl;
c3 on c2;

! below, measurement invariance imposed within-state across times 1-3
I'via list constraint (al-a16) for thresholds in state 1, (b1-b16) for thresholds in state 2,
I'(c1-c16) for thresholds in state 3,and (d1-d16) for thresholds in state 4

MODEL c1: Isubmodel at time 1 with thresholds for ]=8 y-outcomes & J=8 m-indicators
%c1#1% [t1ly1$1-t1y8$1 t1m1$1-t1m8$1] (al-al6);
%c1#2% [t1ly1$1-t1y8$1 t1m1$1-t1m8$1] (b1-b16);
%c1#3% [t1y1$1-t1y8$1 t1m1$1-t1m8%1] (c1-c16);
%c1#4% [tly1$1-t1y8$1 t1m1$1-t1m8$1] (d1-d16);

MODEL c2y: !submodel at time 2 with thresholds for ]=8 y-outcomes & J=8 m-indicators
%c2#1% [t2y1$1-t2y8$1 t2m1$1-t2m8$1] (al-al6);
%c2#2% [t2y1$1-t2y8$1 t2m1$1-t2m8$1] (b1-b16);
%c2#3% [t2y1$1-t2y8$1 t2m1$1-t2m8%1] (c1-c16);
%c2#4% [t2y1$1-t2y8$1 t2m1$1-t2m8$1] (d1-d16);

MODEL c3y: Isubmodel at time 3 with thresholds for J=8 y-outcomes & J=8 m-indicators
%c3#1% [t3y1$1-t3y8$1 t3m1$1-t3m8$1] (al-al6);
%c3#2% [t3y1$1-t3y8$1 t3m1$1-t3m8$1] (b1-b16);
%c3#3% [t3y1$1-t3y8$1 t3m1$1-t3m8$1] (c1-c16);
%c3#4% [t3y1$1-t3y8$1 t3m1$1-t3m8$1] (d1-d16);

Note. MNAR-SP LTA= Missing not at random single process latent transition model.
Missingness indicators t1m1-t1m8, t2m1-t2m8, and t3m1-t3m8 are 1 if missing, 0 if present.
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