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SUPPLEMENT MORE STABLE ESTIMATION OF THE STARTS MODEL

Enclosed in this document are the supplemental materials for our article entitled ” More Stable
Estimation of the STARTS Model: A Bayesian Approach Using Markov Chain Monte Carlo

Techniques”.

Supplement A contains additional tables and figures to the results reported in the article.
Supplement B contains the results of an additional simulation study in which we also looked
at very large sample sizes. Supplement C contains the results of an additional simulation
study in which we investigated the impact of a misspecified prior distribution. Supplement
D contains the results of an additional simulation study in which we compared the coverage
rates produced highest posterior density (HPD) interval estimates and the BCI. Supplement E
contains the results of an additional simulation study in which we investigated the performance
of the Bayesian approach with small sample sizes and a larger number of measurement points.
Supplement F contains the results of an additional simulation study in which more extreme
conditions were studied. Supplement G contains the computer code that was used to calculate

the data analysis example.

Supplement A: Additional Results for Main Simulation Study

The following pages contain the additional results for the main simulation study. Table Al
shows the percentage of estimation problems for the ML approach with unconstrained estima-
tion. The relative bias, relative RMSE, and the coverage rates for the estimators of the STARTS
model parameters as a function of the ratio of the variance of the stable trait variance to the
autoregressive trait, the size of the state variance, and the magnitude of the stability coefficient
are presented in Tables A2 to A20. The relative bias, relative RMSE, and the coverage rates
as a function of sample size and number of measurement waves are presented in Figures Al to

AT.
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Table Al

Percentage of Solutions with Estimation Problems (no Convergence, Inadmissible Parameter Estimates
or Singular Information Matrixz) for Unconstrained Mazimum Likelihood Estimation of the STARTS
Model by Sample Size (N ), Number of Measurement Waves (W), and STARTS Model Parameters

W =4 W =6 W=9

Sample size (N)  Sample size (N)  Sample size (N)
B 0% Ratio 200 500 1000 200 500 1000 200 500 1000

02 01 3:1 584 53.8 47.8 458 399 365 41.3 351 24.7
02 01 11 66.0 53.5 51.0 48.1 446 400 419 388 314
02 01 1:3 741 59.2 53.8 499 435 41.6 454 424 399

0.2 03 31 594 501 464 473 399 354 39.7 34.7 252
02 03 11 712 63.2 526 51.0 41.7 32.8 39.5 30.0 238
02 03 1.3 769 63.7 524 512 389 31.8 375 33.5 236

0.5 01 31 548 304 168 163 45 10 3.8 05 0.0
0.5 01 1:1 508 331 200 194 107 33 92 20 0.0
05 01 13 614 46.0 265 280 143 51 154 47 0.6

05 03 31 624 514 36.7 318 11.0 26 6.7 06 0.0
05 03 1:1 624 43.0 254 248 34 06 33 0.0 0.0
05 03 1:3 676 477 297 227 59 09 20 01 0.0

0.8 01 31 528 357 252 145 65 09 02 00 0.0
0.8 01 11 505 33.0 250 167 47 1.7 15 00 0.0
0.8 0.1 1:3 535 427 339 297 175 79 11.0 1.6 0.5

0.8 03 31 603 514 458 384 23.7 158 157 51 0.8
0.8 03 1:1 614 51.3 389 348 220 104 88 1.0 0.1
0.8 03 1.3 653 501 43.7 383 294 182 189 75 1.0

Note. 3 = population stability parameter. G% = state variance. Ratio = ratio of stable trait variance

to autoregressive trait variance. Values larger than 25% are printed in bold.
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Table A2

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance for
a Small Sample Size (N = 200), Four Measurement Waves (W = 4), a Large State Variance (0% = .3)
and a Medium Sized Stability Coefficient (p =.5)

Relative bias Relative RMSE Coverage

Ratio ML 'V():]. V():3 \/():10 ML V():]. V():3 V(]:lo ML V():l V():3 V(]:lo

31 -0.34 -0.02 -0.05 -0.10 059 0.14 0.14 0.16 981 971 957 9238
62 1:1 -0.29 0.00 -0.02 -0.03 0.60 0.21 018 0.15 973 99.1 991 99.1
1:3  —-0.23 0.10 019 034 072 038 034 039 959 100 996 908

3:1 147 018 024 035 1.82 0.51 041 041 986 96.0 956 89.0
64 11 0.53 0.08 0.02 -0.04 065 034 027 018 998 970 984 99.7
1:3 0.24 0.02 -0.08 —-0.19 035 0.25 023 025 991 982 978 922

31 —-0.29 0.04 -0.02 -0.09 060 0.15 0.12 013 894 996 993 97.1
6% 1:1 -0.28 0.10 0.07 0.05 064 027 020 014 917 999 100 100
1:3 -0.27 0.01 0.07 0.15 066 038 028 0.23 957 99.6 99.8 998

3:1 0.12 -0.05 -0.01 0.04 0.72 0.44 0.17 0.07 83.9 100 100 100
B 1:1 0.03 -0.01 0.01 0.01 057 031 013 0.06 959 100 100 100
1.3 -0.02 -0.10 -0.08 -0.06 043 0.20 0.12 0.08 99.3 100 100 100

Note. RMSE = root mean square error. MLL = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A3

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Large Sample Size (N = 1000), Four Measurement Waves (W = }), a Large State Variance
(0% = .3) and a Medium Sized Stability Coefficient (B =.5)

Relative bias Relative RMSE Coverage

Ratio ML V():l V0:3 V():].O ML V():l V0:3 V0:10 ML V():l V0:3 V0:10

3:1 —0.22 0.01 -0.01 -0.03 046 0.07 0.07 0.07r 964 985 983 96.6
62 1:1 -0.16 0.03 0.02 0.00 0.42 0.13 0.11 0.09 942 98.5 989 98.7
1:3 -0.15 0.08 0.11 0.17 055 0.26 0.22 0.22 945 99.7 99.7 96.9

3:1 099 011 012 017 138 028 024 023 998 944 945 908
04 11 0.29 0.08 0.05 0.01 043 019 016 013 991 944 96.1 96.9
1:3 0.14 0.05 0.01 -0.06 0.23 0.14 0.12 012 993 95.7 970 96.3

3:1 —-0.22 0.06 0.03 —-0.03 049 0.14 0.09 007 86.1 99.7 996 988
6% 1:1 -0.15 0.08 0.06 0.04 046 021 015 010 921 99.7 999 999
1.3 -0.16 -0.01 —-0.02 0.02 048 025 018 0.13 947 994 994 99.7

3:1 0.04 -0.02 —-0.04 0.00 0.61 0.48 025 0.09 785 100 100 100
B 1:1 0.03 0.01 0.00 0.02 044 0.35 0.19 0.08 927 100 100 100
1.3 -0.01 -0.06 -0.07 -0.07r 0.33 023 014 008 976 100 100 100

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A4

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance for
a Small Sample Size (N = 200), Nine Measurement Waves (W = 9), a Large State Variance (0% = .3)
and a Medium Sized Stability Coefficient (p =.5)

Relative bias Relative RMSE Coverage

Ratio ML V():]. V():3 'V():].O ML \/0:1 V():-?) 'V():].O ML \/():1 V():?) 'V():].O

31 -0.03 -003 -0.03 -0.04 0.17 0.12 0.11 0.11 96.2 953 949 951
62 1:1  —0.02 -0.03 —-0.03 -0.03 018 0.16 0.15 014 943 941 946 954
1:3 -0.06 -0.03 0.02 0.12 027 023 020 020 96.0 963 971 949

3:1 027 0.06 008 014 059 025 021 020 987 969 972 938
64 11 0.09 0.04 002 -0.01 025 018 015 012 978 972 98.0 99.0
1:3 0.04 0.03 0.00 -0.05 0.18 0.15 0.13 0.12 96.6 966 976 976

3:1 -0.11 0.02 -0.01 -0.05 0.33 0.15 0.12 0.09 93.0 989 994 98.7
6% 1:1  —0.08 0.01  0.02 0.03 032 023 017 0.11 947 975 989 998
1.3 —0.05 0.00  0.02 0.06 034 027 021 015 949 984 990 993

3:1 0.00 -0.05 —-0.05 —-0.06 0.39 034 023 013 91.0 987 100 100
B 1:1 0.00 —-0.02  0.00 0.01 026 024 0.17 010 948 978 993 999
1:3 0.01 -0.01 -0.01 -0.01 021 0.18 0.13 0.08 96.0 99.2 999 100

Note. RMSE = root mean square error. MLL = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A5

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Large Sample Size (N = 1000), Nine Measurement Waves (W = 9), a Large State Variance
(0% = .3) and a Medium Sized Stability Coefficient (B =.5)

Relative bias Relative RMSE Coverage

Ratio ML V():l '\/0:3 v0:10 ML V():l V0:3 V0:10 ML 'VO:]. '\/0:3 V():].O

3:1 -0.01 -0.01 -0.01 -0.01 0.05 0.05 0.05 005 949 947 945 949
62 1:1 0.00 -0.01 -0.01 -0.01 0.07 0.07 0.07 0.07 93.5 933 938 939
1:3 —-0.01 —-0.01 0.00 0.03 0.12 0.11 0.11 0.10 958 953 964 96.2

3:1 0.04 0.02 0.03 0.06 0.16 0.14 0.13 011 969 953 955 954
64 11 0.02 001 0.01 0.00 0.10 0.09 0.09 0.08 959 949 955 96.5
1:3 0.01 0.01 0.01 0.00 0.08 0.08 0.07 0.07 945 940 948 96.5

3:1 -=0.02 0.00 000 -0.02 011 0.10 0.09 007 934 944 96.0 96.9
6% 1:1  —0.02 —-0.01 0.00 0.01 0.13 0.12 0.11 0.09 962 947 955 97.3
1.3 -0.01 000 0.00 0.01 015 0.15 0.13 011 946 947 959 96.8

3:1 0.00 -0.01 -0.02 -0.04 0.18 0.18 0.16 0.12 951 951 957 984
B 1:1 0.00 —0.01  0.00 0.00 0.12 0.13 0.11 0.09 944 945 954 975
1:3 0.00 0.00 0.00 -0.01 0.10 0.10 0.09 0.07 938 942 96.0 98.1

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A6

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance for
a Small Sample Size (N = 200), Four Measurement Waves (W = 4), a Large State Variance (0% = .3)
and a Small Sized Stability Coefficient (B = .2)

Relative bias Relative RMSE Coverage

Ratio ML 'V():]. V():3 \/():10 ML V():l V():3 V():lo ML V():l V():3 V(]:lo

31 -029 -0.07 -0.10 -0.15 050 0.15 0.16 019 979 941 914 834
62 1:1 -026 -0.09 -0.13 -0.16 051 0.19 020 020 97.8 94.7 94.1 92.8
1:3 -031 -0.12 -0.07 0.06 0.60 0.28 0.20 0.15 98.7 99.0 999 999

3:1 1.01 -0.12 0.05 027 154 042 030 033 898 994 994 96.9
64 11 036 -033 -028 -021 071 046 036 025 923 100 99.6 99.0
1:3 0.11 -046 -047 —-046 050 0.55 0.51 047 96.6 98.5 91.2 57.3

3:1 —-0.10 026 0.17 0.07 0.66 0.29 0.21 0.12 57.0 100 100 100
625 1:1 -012 061 052 042 0.8 065 055 044 69.0 100 981 839
1.3  -0.01 0.89 087 080 099 1.00 091 0.82 77.7 991 915 36.5

3:1 203 095 1.22 1.47 285 154 1.31 148 75.1 985 824 0.0
B 1:1 1.24 0.82 1.17 133 217 120 1.22 1.33 903 975 80.9 0.0
1:3 090 0.51 0.84 1.08 1.68 0.70 0.88 1.09 977 984 924 0.0

Note. RMSE = root mean square error. MLL = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A7

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Large Sample Size (N = 1000), Four Measurement Waves (W = }), a Large State Variance
(0% = .3) and a Small Sized Stability Coefficient (B = .2)

Relative bias Relative RMSE Coverage

Ratio ML '\/0:1 V0:3 v0:10 ML V():l V0:3 V0:10 ML V():l V0:3 V0:10

3:1 -020 -0.03 -0.04 -0.0v 039 007 008 010 982 929 90.3 80.6

62 1:1 -0.17 -0.04 -0.07 -0.10 0.38 0.09 0.11 0.13 983 937 91.5 84.0
1:3 -0.21 -0.08 -0.09 -0.06 044 0.18 0.16 0.12 98.1 944 957 984

3:1 092 -027 -0.17 -0.03 132 035 024 0.13 100 99.8 999 99.7

64 11 031 -036 -035 -—-0.30 0.61 041 038 033 95.7 99.0 919 654
1:3 0.10 -0.37 -0.40 -043 044 041 042 044 929 953 844 358

331 -020 032 026 018 067 033 027 0.19 66.0 99.2 100 985

6% 1:1 -016 063 059 052 079 066 061 053 779 957 851 285
1:3 —0.03 081 082 082 08 08 08 083 785 953 837 200

3:1 1.3 078 090 124 235 1.55 1.15 1.27 839 99.1 942 44

B 1:1 0.76 0.81 1.04 126 167 136 1.16 127 91.2 97.0 829 04

1:3 063 053 078 097 135 086 086 098 96.6 989 89.1 0.8

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq

= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of

stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A8

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance for
a Small Sample Size (N = 200), Nine Measurement Waves (W = 9), a Large State Variance (0% = .3)
and a Small Sized Stability Coefficient (B = .2)

Relative bias Relative RMSE Coverage
Ratio ML 'V():]. V():3 \/():10 ML V():]. V():3 V(]:lo ML V():l V():3 V(]:lo
3:1 -0.09 -0.03 —-0.04 —-0.06 0.28 0.12 0.12 0.12 943 95.2 94.2 93.4
6‘2T 1:1 —-0.05 —-0.04 -0.04 -0.05 0.22 0.13 0.13 0.13 954 959 954 95.2
1:3 —-0.06 —-0.06 —0.04 0.02 0.23 0.18 0.16 0.14 951 956 96.8 97.5
3:1 0.63 —-0.38 —-0.26 —-0.10 1.21 0.44 0.30 0.14 873 100 100 100
6?4 1:1 0.15 —-0.44 -043 -0.37 0.62 0.50 045 0.38 828 978 934 66.8
1:3 0.06 —0.43 —0.46 —-0.46 0.47 049 0.48 0.47 83.2 956 857 33.7
3:1 —-0.24 0.26 0.19 0.12 0.67 0.31 0.22 0.14 75.2 99.3 994 998
625 1:1 —-0.12 0.57 0.55 0.49 0.77 0.64 0.58 0.50 779 970 932 500
1:3 —-0.07 0.79 0.84 0.83 0.86 0.90 0.87 0.85 82.0 957 86.2 21.1
3:1 0.75 0.18 0.40 0.76 1.73 0.86 0.60 0.799 90.1 994 983 400
B 1:1 0.53 042 0.67 096 130 0.89 0.80 0.99 927 973 893 8.2
1:3 0.38 0.40 0.68 0.95 1.03 0.78 0.80 0.97 947 96.5 85.6 4.6

Note. RMSE = root mean square error. MLL = Maximum Likelihood with constrained estimation. vq

= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of

stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A9

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Large Sample Size (N = 1000), Nine Measurement Waves (W = 9), a Large State Variance
(0% = .3) and a Small Sized Stability Coefficient (B = .2)

Relative bias Relative RMSE Coverage

Ratio ML '\/0:1 V0:3 v0:10 ML V():l V0:3 V0:10 ML V():l V0:3 V0:10

3:1 0.00 -0.01 -0.01 -0.01 0.06 0.05 0.05 0.05 947 946 947 93.7
62 1:1 0.00 -0.01 -0.01 -0.02 0.06 0.06 0.06 0.06 941 943 93.8 93.6
1:3 -0.01 -0.02 -0.02 -0.02 0.08 0.08 0.08 0.08 937 93.7 939 951

3:1 037 -029 -028 -021 094 042 033 023 849 973 985 99.1
04 11 0.14 -023 -033 -038 052 038 037 039 861 946 89.7 489
1:3 0.06 -0.19 -030 -0.39 038 033 035 040 86.5 945 86.9 369

331 -021 018 018 014 057 026 020 0.15 852 96.1 98.2 986
6% 1:1 -016 028 039 046 062 045 044 047 86.7 947 89.3 44.6
1:3  —0.09 033 054 071 067 059 062 072 864 942 86.7 351

3:1 0.19 0.09 023 043 084 061 046 047 943 970 971 83.8
& 1:1 0.12 014 038 067 058 051 054 071 960 948 909 314
1:3 0.13 015 037 068 050 046 052 0.72 958 942 86.3 251

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A10

11

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance for
a Small Sample Size (N = 200), Four Measurement Waves (W = 4), a Large State Variance (0% = .3)
and a Large Sized Stability Coefficient (p = .8)

Relative bias Relative RMSE Coverage

Ratio ML 'V():]. V():3 \/():10 ML V():l V():3 V():lo ML V():l V():3 V(]:lo

3:1 —0.33 0.11 0.08 0.03 0.65 0.18 0.16 0.14 93.5 99.8 98.7 974

6‘2T 1:1 -0.21 0.40 0.37 0.32 0.75 0.46 0.42 0.37 81.3 99.2 92.0 75.7

1:3 0.02 1.19 1.19 1.19 1.16 1.29 1.26 1.24 1793 96.8 61.7 3.4

3:1 145 —-0.09 0.01 0.15 195 0.36 0.25 0.22 983 99.3 994 989

6?4 1:1 044 —-0.23 -024 -0.24 0.69 0.35 0.31 0.27 995 993 959 905
1:3 0.12 -0.26 —-0.31 -036 0.31 0.33 0.35 0.38 98.8 929 783 442

3:1 -0.29 -0.08 -0.14 -0.21 053 0.13 0.17 0.22 948 944 84.1 51.1

625 1:1 -0.27 -0.08 —-0.13 —-0.17 0.50 0.18 0.18 0.19 974 94.1 929 84.7
1:3 -0.21 -0.11 -0.14 -0.14 045 0.22 0.20 0.18 976 944 945 94.7

3:1 -0.18 —-036 —-0.36 —-0.33 0.49 048 0.38 0.33 825 100 994 0.0

B 1:1 -0.20 -0.28 —-0.32 -0.32 043 0.37 0.33 0.32 90.1 99.7 91.9 0.0

1:3 -0.15 —-0.23 —-0.29 -0.32 0.34 0.29 0.30 0.32 935 91.0 56.9 0.0

Note. RMSE = root mean square error. MLL = Maximum Likelihood with constrained estimation. vq

= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of

stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A1l

12

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Large Sample Size (N = 1000), Four Measurement Waves (W = }), a Large State Variance
(0% = .3) and a Large Sized Stability Coefficient (B = .8)

Relative bias Relative RMSE Coverage
Ratio ML '\/0:1 V0:3 v0:10 ML V():l V0:3 V0:10 ML V():l V0:3 V0:10
331 -034 014 013 0.11 064 0.16 0.15 013 821 984 955 86.1
62 1:1 -021 041 041 040 069 043 042 041 786 964 863 28.6
1:3 0.00 1.04 112 1.18 099 1.12 1.16 120 824 93.0 633 0.2
3:1 1.22 -0.20 -0.16 -0.06 1.83 0.27 0.22 0.13 99.2 100 999 999
04 11 030 -0.24 -0.25 -0.26 0.63 0.27 028 028 91.2 99.7 919 511
1:3 0.06 -0.24 -0.27 -0.31 0.28 0.27 029 032 869 946 682 139
31 -014 -0.03 -0.07 -0.13 034 0.07 0.09 014 970 945 86.8 451
6% 1:1  -0.10 -0.05 -0.08 -0.13 025 0.10 0.11 014 98.7 92.8 88.7 70.3
1:3 -0.08 -0.07 -0.10 -0.14 0.22 0.13 0.14 0.16 99.0 908 859 73.0
3:1 -013 -025 -032 -035 040 042 038 0.35 901 989 945 6.8
B 1.1 -0.11 -0.17 -0.26 -0.31 029 0.29 029 031 951 96.6 86.5 0.3
1:3 —-0.09 -0.13 —-0.21 -0.28 0.22 022 024 028 944 919 604 0.0

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq

= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of

stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A12

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance for
a Small Sample Size (N = 200), Nine Measurement Waves (W = 9), a Large State Variance (0% = .3)
and a Large Sized Stability Coefficient (p = .8)

Relative bias Relative RMSE Coverage

Ratio ML 'V():]. V():3 \/():10 ML V():]. V():3 V(]:lo ML V():l V():3 V(]:lo

3:1  —-0.18 0.02 0.04 0.04 043 0.14 0.13 013 991 976 97.1 94.5
62 1:1 -0.15 0.05 012 0.18 043 024 022 024 972 971 953 839
1:3 -015 019 040 0.63 0.63 0.45 0.51 0.68 949 96,6 91.6 353

3:1 0.57 —-0.04 -0.04 0.01 119 019 0.16 0.12 982 987 991 99.0
64 11 015 -0.05 -0.09 -0.13 040 0.17 0.16 017 949 984 974 871
1:3 0.0 -0.07 -0.12 -0.17 0.20 0.14 0.16 020 939 97.1 891 629

31 -0.02 -0.03 -0.06 —-0.13 0.11 0.08 0.09 014 970 948 905 61.7
6% 1:1  —-0.02 -0.03 -—0.06 —0.11 0.11 0.10 0.11 0.13 955 93.7 899 77.0
1.3 -0.01 -0.04 -0.06 -0.11 0.11 0.10 0.11 0.14 966 945 91.8 79.8

3:1 —-0.01 -0.06 —-0.15 -0.27 0.18 0.19 0.21 028 846 952 88.7 269
B 1.1 -0.01 -0.03 -0.09 -0.18 0.12 0.12 0.13 019 923 949 889 356
1.3 -0.01 -0.03 -0.08 -0.15 0.09 0.09 0.10 016 974 948 83.7 19.7

Note. RMSE = root mean square error. MLL = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A13

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Large Sample Size (N = 1000), Nine Measurement Waves (W = 9), a Large State Variance
(0% = .3) and a Large Sized Stability Coefficient (B = .8)

Relative bias Relative RMSE Coverage

Ratio ML V():]. '\/0:3 V0:10 ML 'VO:]. '\/0:3 'VO:].O ML V():]. V0:3 v0:10

3:1 —0.04 0.00 0.02 0.04 0.15 0.08 0.07r 0.07 980 96.2 96.2 926
62 1:1  —0.03 0.01 0.04 011 0.19 0.15 013 0.15 959 944 946 874
1:3  —0.03 0.06 0.18 036 034 028 028 039 954 969 938 63.2

3:1 0.11 -0.02 -0.04 -0.06 0.38 0.14 0.11 010 96.2 962 973 955
64 11 0.03 -0.02 -0.04 -0.09 0.16 0.12 010 011 928 948 94.1 845
1:3 0.01 -0.02 -0.05 -0.10 0.11 0.09 0.09 0.11 933 966 93.1 714

3:1 0.00 0.00 -0.01 -0.04 0.04 0.04 0.04 0.05 957 96.0 949 80.5
6% 11 0.00 0.00 -0.01 -0.04 0.04 0.04 0.04 0.05 940 947 946 86.3
1:3 0.00 -0.01 -0.02 -0.04 0.05 0.04 0.056 0.06 951 955 935 864

3:1 0.00 -0.01 -0.03 -0.10 0.08 0.08 0.08 0.12 945 958 946 734
B 1:1 0.00 0.00 -0.02 -0.06 0.06 0.06 0.06 0.08 934 93.7 935 76.5
1:3 0.00 -0.01 -0.03 -0.06 0.04 0.04 0.04 0.07 954 96.2 925 57.5

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A14

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Stability Parameter  for a Small Sample Size (N =
200), Four Measurement Waves (W = 4), a Large State Variance (c% = .3) and Ratios of Stable Trait

Variance to Autoregressive Variance of 1:1 or 3:1

Relative bias Relative RMSE Coverage

[8) ML vo=1 vp=3 vp=10 ML vg=1 vg=3 ~vo=10 ML vo=1 vog=3 vp=10
Ratio of Stable Trait to Autoregressive Trait Variance of 1:1
2 -0.26 -0.09 -0.13 -0.16 051 0.19 020 020 97.8 947 941 928
62 5 —0.29 000 -0.02 -0.03 0.60 0.21 0.18 0.15 973 99.1 99.1 99.1
—-0.21 040 037 032 0.75 046 042 037 813 99.2 920 75.7

. 036 -033 -028 -021 0.71 046 036 025 923 100 99.6 99.0
64 5 053 0.08 0.02 —-0.04 0.65 034 027 018 998 97.0 984 99.7
044 -023 -024 -024 069 035 031 027 995 993 959 905

2 —-012 061 052 042 08 065 055 044 69.0 100 981 839
6% 5 —0.28 0.10 0.07 0.06 064 0.27 020 014 91.7 999 100 100
-0.27 -0.08 -0.13 -0.17 050 0.18 0.18 0.19 974 941 929 84.7

. 1.24 0.82 1.17 1.33 2.17 1.20 1.22 1.33 90.3 975 809 0.0
B .5 0.03 —-0.01 0.01 0.01 057 0.31 0.13 0.06 959 100 100 100
—-0.20 -0.28 -0.32 -0.32 043 037 033 032 901 99.7 919 0.0

Ratio of Stable Trait to Autoregressive Trait Variance of 3:1
2 -0.29 -0.07 -0.10 -0.15 050 0.15 0.16 0.19 979 941 914 834
62 5 —-034 -0.02 -005 -0.10 059 0.14 0.4 0.16 981 971 957 9238
-0.33 011 0.08 0.03 0.65 0.18 0.16 0.14 93.5 99.8 98.7 974

. 1.01 -0.12 0.05 027 154 042 030 033 898 994 994 96.9
04 5 147 018 024 035 1.8 051 041 041 986 96.0 956 89.0
1.45 —-0.09 0.01 0.15 195 036 025 022 983 993 994 989

.2 —=0.10 026 0.17 0.07 066 0.29 021 0.12 57.0 100 100 100
6% 5 —0.29 0.04 -0.02 -0.09 0.60 0.15 0.12 013 894 996 993 971
-029 -0.08 -0.14 -021 053 013 017 022 948 944 84.1 51.1

. 203 095 122 147 285 154 131 148 751 985 824 0.0
5 012 —-0.06 -0.01 0.04 072 044 0.17 0.0r 83.9 100 100 100
-0.18 -036 —-036 —-033 049 048 038 033 825 100 994 0.0

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size for prior distributions. 3 = stability parameter. Relative biases smaller than —.10

or larger than .10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A15

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Stability Parameter 3 for a Large Sample Size (N =
1000), Four Measurement Waves (W = 4), a Large State Variance (0% = .3) and Ratios of Stable

Trait Variance to Autoregressive Variance of 1:1 or 3:1

Relative bias Relative RMSE Coverage

[8) ML vo=1 vg=3 vp=10 ML vo=1 v9g=3 vg=10 ML vo=1 vo=3 vu=10
Ratio of Stable Trait to Autoregressive Trait Variance of 1:1

2 -0.17 -0.04 -0.07 -0.10 0.38 0.09 0.11 0.13 983 93.7 91.5 84.0

62 5 —0.16 0.03 0.02 0.00 042 0.13 0.11 0.09 942 985 989 98.7

—-0.21 041 041 040 069 043 042 041 786 964 86.3 286

. 031 -036 -035 -030 0.61 041 038 033 957 99.0 919 654
64 5 029 0.08 0.05 0.01 043 0.19 0.16 0.13 991 944 96.1 96.9
030 -0.24 -0.25 -0.26 063 027 028 028 91.2 99.7 919 511

2 —-016 063 059 052 079 066 061 053 779 957 851 285
6% 5 —0.15 0.08 0.06 0.04 046 0.21 0.15 0.10 92.1 99.7 999 999
-0.10 -0.0b> -0.08 -0.13 0.25 0.10 0.11 0.14 98.7 928 887 703

. 076 081 104 126 167 136 1.16 127 912 970 829 04
B .5 003 0.01 0.00 0.02 044 035 0.19 0.08 927 100 100 100
-0.11 -0.17 -0.26 —-0.31 0.29 029 029 031 951 96.6 86.5 0.3

Ratio of Stable Trait to Autoregressive Trait Variance of 3:1
.2 -0.20 -0.03 -0.04 -0.07 0.39 0.07 0.08 0.10 982 929 90.3 80.6
62 5 —-0.22 001 -0.01 -0.03 046 0.07 0.07 0.07 964 985 983 96.6
-034 014 013 011 064 0.16 015 0.13 821 984 955 86.1

. 092 -0.27 -0.17 -0.03 132 035 024 013 100 99.8 999 99.7
64 5 099 011 012 017 138 028 024 023 998 944 945 90.8
122 -0.20 -0.16 -0.06 1.83 0.27 022 013 992 100 999 999

2 —-020 032 026 018 067 033 027 019 66.0 99.2 100 98.5
6% 5 —0.22 0.06 0.03 —-0.03 0.49 0.14 0.09 0.07r 86.1 99.7 996 98.8
-0.14 -0.03 -0.0r —-0.13 034 0.07 0.09 014 970 945 86.8 451

. 134 078 090 124 235 1556 1.15 127 839 99.1 942 4.4
B .5 0.04 —-0.02 —-0.04 0.00 061 0.48 025 0.09 785 100 100 100
-013 -025 -032 -035 040 042 038 035 90.1 989 945 6.8

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size for prior distributions. 3 = stability parameter. Relative biases smaller than —.10

or larger than .10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A16

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Stability Parameter B for a Small Sample Size (N = 200),
Nine Measurement Waves (W = 9), a Large State Variance (0% = .3) and Ratios of Stable Trait

Variance to Autoregressive Variance of 1:1 or 3:1

Relative bias Relative RMSE Coverage

[8) ML vo=1 vp=3 vp=10 ML vg=1 vg=3 ~vo=10 ML vo=1 vog=3 vp=10
Ratio of Stable Trait to Autoregressive Trait Variance of 1:1
2 -0.05 -0.04 -004 -0.05 022 0.13 0.13 0.13 954 959 954 952
62 5 —0.02 -0.03 -0.03 -0.03 0.18 0.16 0.15 0.14 943 941 946 954
—-0.15  0.05 0.12 0.18 043 024 022 024 972 971 953 839

. 015 -044 -043 -037 062 050 045 038 828 978 934 66.8
4 5 0.09 0.04 0.02 -0.01 025 0.18 0.15 0.12 978 972 98.0 99.0
015 -0.06 -0.09 -0.13 040 0.17v 016 017 949 984 974 871

2 —-012 057 055 049 077 064 058 050 779 970 932 50.0
6% .5 —0.08 0.01 0.02 0.03 032 0.23 0.17 011 947 975 989 998
-0.02 -0.03 -0.06 -0.11 0.11 0.10 0.11 0.13 955 93.7 899 770

. 053 042 067 096 130 089 080 099 927 973 893 82
B .5 0.00 —-0.02 0.00 0.01 0.26 0.24 0.17 0.10 94.8 978 99.3 999
-0.01 -0.03 -0.09 -0.18 0.12 0.12 0.13 0.19 923 949 889 356

Ratio of Stable Trait to Autoregressive Trait Variance of 3:1
2 -0.09 -0.03 -0.04 -0.06 0.28 0.12 0.12 0.12 943 952 942 934
62 5 —-0.03 -0.03 -0.03 -0.04 0.17 0.12 011 011 96.2 953 949 95.1
—-0.18 0.02 0.04 0.04 043 0.14 0.13 0.13 991 976 97.1 945

. 063 -038 -026 -0.10 1.21 044 030 014 873 100 100 100
04 5 027 0.06 0.08 0.14 059 025 021 020 987 969 972 938
0.57 —-0.04 -0.04 0.01 119 019 016 0.12 982 987 991 99.0

2 -024 026 019 012 067 031 022 014 752 993 994 998
6% .5 —0.11 0.02 -0.01 -0.056 0.33 0.15 0.12 0.09 930 989 994 98.7
-0.02 -0.03 -0.06 -—-0.13 0.11 0.08 0.09 014 97.0 948 905 61.7

. 075 018 040 076 1.73 086 060 079 90.1 994 983 40.0
B .5 0.00 —-0.06 —-0.06 —-0.06 0.39 034 023 013 91.0 987 100 100
-0.01 -0.06 -0.15 —-0.27 0.18 0.19 021 028 846 952 887 269

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size for prior distributions. 3 = stability parameter. Relative biases smaller than —.10

or larger than .10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A17

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Stability Parameter 3 for a Nine Sample Size (N =
1000), Nine Measurement Waves (W = 9), a Large State Variance (0% = .3) and Ratios of Stable

Trait Variance to Autoregressive Variance of 1:1 or 3:1

Relative bias Relative RMSE Coverage

[8) ML vo=1 vp=3 vp=10 ML vg=1 vg=3 ~vo=10 ML vo=1 vog=3 vp=10
Ratio of Stable Trait to Autoregressive Trait Variance of 1:1
. 0.00 —-0.01 -0.01 -—-0.02 0.06 0.06 006 0.06 941 943 93.8 93.6
62 5 000 -0.01 -0.01 -0.01 0.07 0.07 0.07 0.07 935 933 938 93.9
—0.03 0.01 0.04 011 0.19 015 0.13 015 959 944 946 874

. 0.14 -023 -033 -0.38 052 038 037 039 86.1 946 89.7 489
04 5 0.02 0.01 0.01 0.00 0.10 0.09 0.09 0.08 959 949 955 96.5
0.03 -0.02 -0.04 -0.09 0.16 0.12 0.10 0.11 928 948 94.1 845

2 —-016 028 039 046 062 045 044 047 86.7 947 893 446
6% 5 —0.02 —0.01 0.00 0.01 0.13 0.12 011 0.09 962 947 955 97.3
0.00 0.00 —-0.01 —-0.04 0.04 0.04 004 005 940 947 946 86.3

. 012 014 038 0.67 058 051 054 071 96.0 948 909 314
B .5 0.00 —0.01 0.00 0.00 0.12 0.13 0.11 0.09 944 945 954 975
0.00 0.00 -0.02 -0.06 0.06 0.06 0.06 0.08 934 93.7 935 76.5

Ratio of Stable Trait to Autoregressive Trait Variance of 3:1
. 0.00 -0.01 -0.01 -0.01 0.06 0.05 0.05 0.05 94.7 946 94.7 93.7
62 5 —-0.01 -0.01 -0.01 -0.01 0.05 0.05 0.05 0.05 949 947 945 949
—0.04 0.00 0.02 0.04 0.15 0.08 0.07 0.07 98.0 96.2 96.2 926

. 037 -029 -028 -021 094 042 033 023 849 973 985 99.1
04 5 0.04 0.02 0.03 0.05 0.16 0.14 0.13 011 969 953 955 954
011 -0.02 -0.04 -0.06 038 0.14 011 010 96.2 96.2 973 95.5

2 -021 018 018 0.14 057 026 020 0.15 852 961 982 98.6
6% .5 —0.02 0.00 0.00 -0.02 0.11 0.10 0.09 0.07 934 944 96.0 96.9
0.00 0.00 -0.01 -0.04 0.04 0.04 004 005 957 960 949 80.5

oS

2019 0.09 023 043 084 061 046 047 943 970 971 838
B .5 0.00 -0.01 -0.02 -0.04 0.18 0.18 0.16 0.12 951 95.1 95.7 984
.8 0.00 -0.01 -0.03 —-0.10 0.08 0.08 0.08 0.12 945 958 946 734

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size for prior distributions. 3 = stability parameter. Relative biases smaller than —.10

or larger than .10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table A18

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of Measurement Waves W and the Population State Variance
c% for a Medium Sample Size (N = 500), Ratio of Stable Trait Variance to Autoregressive Variance
of 1:1 and a Stability Parameter .5

Relative bias Relative RMSE Coverage
w 0'?9 ML vo=1 vg=3 vp=10 ML vg=1 vp=3 vg=10 ML vg=1 v¢=3 vu=10
4 1 -0.12 -0.06 -0.07 -0.06 035 0.17 0.16 0.14 976 941 934 953
4 3 -024 0.02 0.01 —-0.01 0.52 0.16 0.14 0.12 96.1 989 989 99.0
62 6 .1 -0.02 -0.04 -0.05 -0.07 0.12 0.11 012 012 958 933 921 90.9
6 .3 -004 -001 -0.02 -0.02 0.18 0.12 0.11 010 975 969 973 970
9 1 0.00 -0.01 -0.02 —-0.04 0.09 0.09 0.09 0.09 951 951 94.6 94.3
9 3 0.00 0.00 0.00 —0.01 0.10 0.10 0.10 0.09 949 94.7 949 94.8
4 1 014 0.01 -0.03 -0.11 028 0.14 0.14 0.16 98.7 96.0 978 959
4 .3 0.41 0.09 0.04 —-0.01 0.54 026 022 017 993 954 96.5 974
64 6 .1 0.03 0.00 —-0.03 —-0.07 0.10 0.08 0.08 0.11 97.0 973 95.2 88.7
6 .3 0.11 0.06 0.04 0.01 0.25 0.17 0.14 0.12 987 946 96.6 98.0
9 1 0.01 -0.01 -0.03 -—0.07 0.08 0.06 0.06 0.09 96.2 972 945 178.6
9 3 0.04 0.03 0.01 0.00 0.15 0.13 0.11 0.09 958 957 96.9 978
4 .1 -0.08 045 055 0.69 0.76 059 060 0.71 91.6 989 888 45
4 3 -0.20 0.10 0.08 0.0 0.54 0.23 0.17 0.12 91.0 99.7 99.7 99.8
6% 6 .1 —0.10 019 036 055 055 039 044 058 946 975 907 164
6 .3 —0.07 0.03 0.04 0.03 032 0.21 016 0.11 943 98.0 99.2 100
9 1 -0.03 0.10 024 044 039 030 032 046 946 971 914 346
9 3 -0.04 -0.01 0.00 0.01 0.19 0.17 0.14 0.11 954 958 97.8 99.0
4 1 0.05 0.18 020 020 033 029 024 021 96.1 969 93.3 86.8
4 3 0.04 0.01 0.01 0.02 051 0.35 0.17 0.06 929 100 100 100
B 6 .1 —0.01 0.05 011 0.16 0.18 0.14 0.15 018 973 975 926 71.8
6 .3 0.01 0.00 0.01 0.01 0.28 0.27 0.18 0.09 949 985 99.7 100
9 1 0.00 0.02 0.06 0.11 0.11 0.09 0.10 0.13 940 96.6 91.9 69.0
9 3 -0.01 -0.02 -0.01 0.00 0.16 0.16 0.14 0.09 951 954 97.7 99.3

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation.
Vo = prior sample size for prior distributions. W = measurement waves. cr?g = true state variance.
Relative biases smaller than —.10 or larger than .10 and coverage rates smaller than 91% and larger

than 98% are written in bold.
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Table A19

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of Measurement Waves W and the Population State Variance
cr?g for a Small Sample Size (N = 200), Ratio of Stable Trait Variance to Autoregressive Variance of
1:1 and a Stability Parameter .5

Relative bias Relative RMSE Coverage
w 0'?9 ML vo=1 vg=3 vp=10 ML vg=1 vp=3 vg=10 ML vg=1 v¢=3 vu=10
4 1 -0.22 -0.10 -0.08 -0.05 050 0.24 0.21 016 99.0 961 96.5 974
4 3 -029 000 -0.02 -0.03 060 0.21 018 0.15 973 99.1 991 99.1
62 6 .1 -0.04 -0.07 -0.08 -0.08 0.21 0.18 0.17 0.16 98.0 954 953 95.6
6 .3 -012 -0.02 -0.02 -0.02 038 0.19 0.18 015 975 962 964 97.1
9 .1 -0.01 -0.04 -0.05 -0.07r 0.14 0.14 0.14 0.14 953 95.1 945 93.9
9 3 -0.02 -0.03 -0.03 —-0.03 0.18 0.16 0.15 0.14 943 941 946 954
4 1 0.24 —-0.01 -0.08 —-0.20 0.41 0.20 0.19 023 99.2 98.0 985 91.0
4 .3 0.53  0.08 0.02 —-0.04 0.65 034 027 0.18 99.8 97.0 984 99.7
64 6 .1 0.06 -0.01 -0.05> -0.12 0.17 0.12 0.13 0.16 981 973 971 89.6
6 .3 0.27  0.07 0.02 —-0.02 045 024 020 0.15 996 969 98.0 98.2
9 1 0.02 -0.02 -0.05 -0.11 0.11 0.09 0.10 0.13 958 975 93.1 81.8
9 .3 0.09 0.04 0.02 -0.01 0.25 0.18 0.15 0.12 978 97.2 98.0 99.0
4 1 -004 054 065 084 08 0.68 0.72 0.87 914 99.8 879 1.3
4 3 -028 0.10 0.07 0.0 0.64 0.27 020 0.14 91.7 999 100 100
6% 6 .1 —-007 036 051 071 068 0.53 058 0.73 93.8 975 89.2 52
6 .3 —-0.18 0.05 0.05 0.04 051 0.26 019 0.13 91.8 99.0 99.3 99.7
9 .1 -007 020 039 061 054 039 047 063 94.7 978 90.8 10.1
9 3 -0.08 0.01 0.02 0.03 032 0.23 0.17 0.11 947 975 989 9938
4 1 0.10 0.25 023 0.18 041 033 026 019 950 976 971 9838
4 3 0.03 —0.01 0.01 0.01 057 0.31 0.13 0.06 959 100 100 100
B 6 .1 0.03 012 017 018 024 021 020 020 969 96.0 92.1 83.7
6 .3 0.00 —0.01 0.00 0.01 043 0.32 0.19 0.08 91.0 994 100 100
9 1 0.00 0.05 0.10 0.15 0.16 0.13 0.14 0.16 966 96.8 93.0 755
9 3 0.00 —0.02 0.00 0.01 0.26 0.24 0.17 0.10 948 978 99.3 999

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation.
Vo = prior sample size for prior distributions. W = measurement waves. cr?g = true state variance.
Relative biases smaller than —.10 or larger than .10 and coverage rates smaller than 91% and larger

than 98% are written in bold.
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Table A20

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of Measurement Waves W and the Population State Variance
c% for a Large Sample Size (N = 1000), Ratio of Stable Trait Variance to Autoregressive Variance of
1:1 and a Stability Parameter .5

Relative bias Relative RMSE Coverage
w 0'?9 ML vo=1 vg=3 vp=10 ML vg=1 vp=3 vg=10 ML vg=1 v¢=3 vu=10
4 1 -0.07 -0.05 -0.07 -0.08 0.25 0.15 0.14 0.12 978 93.7 921 90.9
4 3 -0.16 0.03 0.02 0.00 042 0.13 011 0.09 942 985 989 98.7
62 6 .1 -0.01 -0.02 -0.04 -0.05 0.08 0.08 0.08 0.09 956 948 93.7 923
6 .3 —-0.02 0.00 -0.01 -0.01 0.13 0.10 0.09 0.08 970 953 96.7 97.7
9 1 0.00 -0.01 -0.02 —-0.03 0.06 0.06 0.06 0.06 958 96.0 955 94.5
9 3 0.00 -0.01 -0.01 -0.01 0.07 0.07r 0.07 0.07 935 933 93.8 93.9
4 1 0.09 0.02 0.00 —-0.05 0.20 0.11 0.10 0.10 98.8 96.7 973 96.6
4 .3 0.29  0.08 0.05 0.01 043 0.19 0.16 0.13 991 944 96.1 96.9
64 6 .1 0.02 0.00 —-0.02 —-0.05 0.07 0.06 0.06 0.07 96.7 975 957 88.6
6 .3 0.06 0.04 0.03 0.01 0.18 0.13 0.11 0.09 973 956 96.7 975
9 1 0.01 0.00 —-0.02 —-0.05 0.06 0.05 0.05 0.06 951 962 946 80.5
9 3 0.02 0.01 0.01 0.00 0.10 0.09 0.09 0.08 959 949 955 96.5
4 .1 -0.08 035 046 059 065 051 052 061 925 96.7 89.6 9.7
4 3 -0.15 0.08 0.06 0.04 046 0.21 0.15 0.10 92.1 99.7 999 999
6% 6 .1 —0.05 012 026 044 042 031 034 046 953 964 924 341
6 .3 —-0.05 0.01 0.02 0.03 024 0.19 0.15 0.10 93.7 945 972 99.1
9 1 -0.04 0.04 014 031 028 023 022 033 955 972 945 581
9 3 -0.02 -0.01 0.00 0.01 0.13 0.12 0.11 0.09 96.2 94.7 955 97.3
4 1 0.03 0.13 017 0.21 027 024 022 022 976 957 90.8 725
4 3 0.03 0.01 0.00 0.02 044 0.35 0.19 0.08 927 100 100 100
B 6 .1 0.00 0.03 0.08 0.14 0.13 0.11 0.12 0.15 949 96.0 919 644
6 .3 0.00 —0.01 0.00 0.01 0.23 0.23 0.17 0.11 932 944 975 99.7
9 .1 -0.01 0.01 0.03 0.08 0.08 0.07 0.07 0.09 96.0 974 948 729
9 .3 0.00 -0.01 0.00 0.00 0.12 0.13 0.11 0.09 944 945 954 975

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation.
Vo = prior sample size for prior distributions. W = measurement waves. cr?g = true state variance.
Relative biases smaller than —.10 or larger than .10 and coverage rates smaller than 91% and larger

than 98% are written in bold.
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Figure A1. Relative bias of the estimators of the STARTS model parameters for selected conditions
in the simulation study. The ratio of stable trait variance to autoregressive trait variance was 1:1.
The state variance was .3. The stability parameter was .8. W = number of measurement waves. N

= sample size.
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Figure A2. Relative bias of the estimators of the STARTS model parameters for selected conditions
in the simulation study. The ratio of stable trait variance to autoregressive trait variance was 1:3.
The state variance was .3. The stability parameter was .5. W = number of measurement waves. N

= sample size.
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Figure A3. Relative RMSE (root mean square error) of the estimators of the STARTS model parame-
ters for selected conditions in the simulation study. The ratio of stable trait variance to autoregressive
trait variance was 1:1. The state variance was .3. The stability parameter was .8. W = number of

measurement waves. N = sample size.
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Figure Aj. Relative RMSE (root mean square error) of the estimators of the STARTS model parame-
ters for selected conditions in the simulation study. The ratio of stable trait variance to autoregressive
trait variance was 1:3. The state variance was .3. The stability parameter was .5. W = number of

measurement waves. N = sample size.
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Figure A5. Coverage rates of the estimators of the trait variance and the state variance for selected
conditions in the simulation study. The ratio of stable trait variance to autoregressive trait variance
was 1:1. The state variance was .3. The stability parameter was .5. W = number of measurement

waves. IN = sample size.
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Figure A6. Coverage rates for selected conditions in the simulation

variance to autoregressive trait variance was 1:1. The state variance
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study. The ratio of stable trait

was .3. The stability parameter

was .8. W = number of measurement waves. N = sample size. Coverage rates smaller than 75% are

not displayed. In many conditions, coverage for the prior distribution with vy = 10 was below 75%.
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Figure A7. Coverage rates for selected conditions in the simulation
variance to autoregressive trait variance was 1:3. The state variance

was .5. W = number of measurement waves. N = sample size.
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Supplement B: Additional Simulation for Large Sample Sizes

In the main simulation study, the estimated relative RMSE of the estimator of the stability
parameter B, showed the unexpected tendency to increase when the sample size grew larger in
conditions with W = 4. We conducted a small additional simulation in which we also looked
at very large sample sizes (N = 200, 500, 1,000, 2,000, 5,000, and 10,000) for four-wave and
six-wave designs with selected conditions from the main simulation. We held constant the trait
variance (.35), the autoregressive trait variance (.35), the state variance (.30), and the stability

parameter (.5) of the data-generating model.

Figure B1 and B2 show the relative bias and relative RMSE for the estimators provided by
ML with constrained estimation and the Bayesian approach with different prior specifications.
As can be seen, with large sample sizes the estimated relative bias vanishes and all estimators
were approximately unbiased (see Figure B1). In addition, the results for the estimated relative
RMSE clearly show that there is a turning point and that the estimated relative RMSE of the
estimator of the stability parameter decreased when the sample size increased from N = 1,000
to N = 10,000 (see Figure B2). Furthermore, with larger samples (N > 2,000), the estimates
produced by the ML approach closely matched the Bayesian estimates.
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Figure B1. Relative bias of the estimators of the STARTS model parameters for selected conditions
in the simulation study. The ratio of stable trait variance to autoregressive trait variance was 1:1.
The state variance was .3. The stability parameter was .8. W = number of measurement waves. N

= sample size.
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Figure B2. Relative RMSE of the estimators of the STARTS model parameters for selected conditions
in the simulation study. The ratio of stable trait variance to autoregressive trait variance was 1:1.

The state variance was .3. The stability parameter was .8. W = number of measurement waves. N

= sample size.

31



SUPPLEMENT MORE STABLE ESTIMATION OF THE STARTS MODEL

Supplement C: Additional Simulation on Impact of Misspecified Prior

Distributions

One crucial aspect of the Bayesian approach is the selection of prior distributions. To further
investigate, how the results from the main simulation would change if prior information is
inappropriately specified, we conducted an additional simulation study with selected conditions
from the main simulation. We held constant the trait variance (.35), the autoregressive trait
variance (.35), the state variance (.30), and the stability parameter (.5) of the data-generating
model; and we varied the sample size (N = 200 and 500) and number of measurement waves

(W =4, 6, and 9).

We used three different types of prior distribution in the Bayesian approach. First, we included
misspecified IG prior distributions that assumed a prior guess of 0‘(2)7:,« = .60 for the stable trait
variance, 05 4 = .20 for the autoregressive trait variance, og ¢ = .20 for the state factor variance,
and (3¢9 = .5 for the stability parameter with prior sample sizes of vo = 1 and vy = 3. Second,
for comparison purposes, we specified uniform distributions that assumed that the STARTS
model variances were uniformly distributed across the range from 0 to 10 and the stability
parameter across the range from 0 to 1. Third, we compared the performances of these prior
distributions with the prior distributions that were used in the main simulation which assumed
a prior guess of .33 for the stable trait variance, the autoregressive trait variance, and the state
factor variance with prior sample sizes of vo = 1 and vy = 3. As the specification of the
prior distributions in the main simulation nearly matched the true data generating parameters,
these priors were labelled correctly specified prior distribution in the following results. We also

included the Maximum Likelihood approach with constrained estimation.

Table C1 shows the relative bias and relative RMSE for the estimators provided by ML with
constrained estimation and the Bayesian approach with correctly and misspecified prior distri-
butions. The results showed that the models with misspecified priors were slightly more biased
than the models with the correctly specified prior distributions but were still less biased than
the estimates obtained from the ML approach. With regard to the relative RMSE, the models
with misspecified prior distributions provided more accurate estimates than the ML approach.
It is interesting that even the Bayesian approach with uniform prior distributions, which added

no information to the likelihood, outperformed the ML approach.

It is also an interesting finding that in many conditions the Bayesian approach with misspecified
prior distributions produced smaller relative RMSE values than the Bayesian approach with
uniform prior distributions. Figure C1 further explores for the estimator of the state variance
why the uniform prior distribution showed a poorer performance than the misspecified prior
distributions in some of the conditions (condition with N = 200 and W = 4). As can be seen,
the ML approach produced boundary estimates or very small variance estimates in about one
third of the solutions. However, the occurrence of very small variance estimates is also not

avoided in the Bayesian approach with a uniform distribution for the state variance.
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Table C1
Relative Bias and Relative RMSE for the Mazimum Likelihood and the Bayesian Approach with Un-

informative, Weakly Informative and Misspecified Priors

Relative Bias Relative RMSE

Corr Missp Corr Missp

S

N ML Uninf \/0:1 V0:3 'VO:]. V0:3 ML  Uninf 'VO:]. '\/0:3 'VQ:]. V0:3

4 200 -0.30 -0.04 0.00 -0.02 0.07 0.09 061 042 022 019 022 021
4 500 -0.23 0.00 0.02 0.00 0.06 0.07 052 027 015 014 015 0.15
62 6 200 —0.12 -0.05 -0.03 —0.03  0.00 0.02 035 031 0.18 0.17 0.17 0.16
6 500 -0.05 -0.01 -0.01 -—-0.02 0.00 0.01 020 o0.17v 0.13 011 0.13 0.11
9 200 -0.03 -0.02 -0.03 —-0.03 —-0.02 0.00 0.17 0.16 0.15 014 015 0.14
9 500 -0.01 0.00 -0.01 -0.01 -0.01 0.00 0.10 0.10 0.10 0.09 0.10 0.09
4 200 054 015 0.09 0.03 0.08 0.00 0.65 0.52 035 028 041 0.32
4 500 041 015 010 0.05 0.13 0.06 054 029 025 020 027 0.23
64 6 200 026 014 0.08 003 0.12 0.06 043 030 024 020 028 0.23
6 500 0.12 0.09 0.06 0.03 0.09 0.06 0.2v 021 017 014 020 0.17
9 200 0.10 0.07  0.05 0.02 0.07 0.06 027 022 019 015 023 0.19
9 500 0.03 0.03 0.02 0.01 0.03 0.03 0.15 0.13 0.13 0.11 0.14 0.13
4 200 -028 015 0.10 0.06 0.05 0.02 064 043 027 021 040 0.30
4 500 -0.21 0.09 0.09 0.06 0.01 0.00 054 033 022 016 032 0.24
6% 6 200 —0.17  0.02 0.05 005 -0.03 -0.01 050 040 025 0.18 0.36 0.27
6 500 —0.09 0.01 0.02 0.03 -0.03 -0.02 034 030 022 016 0.29 0.23
9 200 -0.09 -0.01 0.01 003 -0.04 -—-0.02 034 032 024 017 030 0.24
9 500 -0.03 0.00 0.00 001 -0.01 -0.01 019 0.18 0.17 0.14 0.19 0.17
4 200 0.03 015 0.00 0.01 -0.27 -0.31 0.57 0.60 030 0.13 047 043
4 500 0.03 0.08 0.01 001 -0.15 -0.21 0.50 0.53 035 0.17 0.41 0.33
B 6 200 0.01 0.02 -0.01 0.00 —-0.09 -0.12 042 048 032 0.18 038 0.31
6 500 0.00 -0.02 -0.02 0.00 —-0.0r —-0.08 030 035 027 019 032 0.27
9 200 -001 -0.03 -0.02 0.00 -0.06 -0.05 027 030 024 017 029 0.24
9 500 0.00 -0.02 -0.01 0.00 -0.03 -0.03 0.17 0.18 0.17 0.14 0.19 0.17

Note. RMSE = root mean squared error. ML, = Maximum Likelihood with constrained estimation. W
= number of measurement waves. N = sample size. vo = prior sample size for the prior distributions.
Uninf = uninformative prior. Corr = correctly specified (and weakly informative) prior. Missp =

misspecified prior. Relative biases smaller than —.10 or larger than .10 are written in bold.
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Figure C1. Distribution of parameter estimates g for different prior distributions. The ratio of
stable trait variance to autoregressive trait variance was 1:1. The state variance was .3. The stability
parameter was .5. The number of measurement waves was 4. The sample size was 200. Upper left
figure: constrained maximum likelihood. Upper right figure: uninformative prior. Lower left figure:
correctly specified prior with prior sample size vg = 1. Lower right figure: misspecified prior with

prior sample size vg = 1.
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Supplement D: Additional Simulation on Highest Posterior Density
(HPD) Intervals

In some of the conditions of the main simulation, the Bayesian approach showed a tendency
to produce coverage rates that were too high. In the main simulation, we calculated Bayesian
credible intervals (BCI) that were based on quantiles of the posterior distribution. Alternatively,
one could calculate highest posterior density (HPD) interval estimates which have a shorter
interval length than the BCI.

In an additional small simulation study, we compared the coverage rates produced by the HPD
and the BCI for selected conditions of the main simulation with N = 200 and 500 and W
= 4 and 6. We held constant the trait variance (.35), the autoregressive trait variance (.35),
the state variance (.30), and the stability parameter (.5) of the data-generating model. In the
analysis model, we assumed (as in the main simulation) a prior guess of .33 for the stable trait
variance, the autoregressive trait variance, and the state factor variance with prior sample sizes

of vo =1 and vy = 3.

As can be seen in Table D1, the coverage rates provided by the HPD (M = 98.0%, range =
.93.4 to 100) were indeed slightly smaller than the coverage rates for the BCI (M = 97.6%,
range = 93.5 to 100). However, only in three of the 10 cases, in which the coverage rates of the
BCI were too high, did the HPD produce appropriate coverage rates, and even in these cases,

the differences in the coverage rates between the BCI and HPD were small.

Table D1
Comparison of Coverage Rates for Bayesian Credibility Interval (BCI) and Highest Posterior Density
(HPD) Interval Estimates

W =4 W =6

N =200 N =500 N =200 N =500

Parm BCI HPD BCI HPD BCI HPD BCI HPD

2 982 974 986 982 968 96.0 953 956
64 975 973 934 935 955 952 95.6 95.7
2 99.7 996 99.9 996 999 99.3 98.7 97.2
[3 100 100 100 100 99.8 99.7 98.7 96.8

Note. W = number of measurement waves. N = sample size. Coverage rates smaller than 91% and

larger than 98% are written in bold.



SUPPLEMENT MORE STABLE ESTIMATION OF THE STARTS MODEL

Supplement E: Additional Simulation on Small Sample Sizes and

Many Measurement Points

In intensive longitudinal designs or diary studies, a relatively small number of individuals is
assessed on many occasions. To further assess the statistical behavior of the Bayesian approach
with smaller sample sizes, we conducted a small additional simulation in which we varied the
samples sizes (N = 100, 200, and 500) and the number of measurement waves (W = 4, 7, and
14) for a selected condition of the simulation. We held constant the trait variance (.35), the
autoregressive trait variance (.35), the state variance (.30), and the stability parameter (.5) of

the data-generating model.

Table E1 shows the relative bias and relative RMSE for the estimators provided by the Bayesian
approach with a prior sample size of vy = 3 and prior guesses as specified in the main simulation
(.33 for the three variance components and .5 for the stability parameter). Overall, the results
showed that a large number of measurement points (W = 14) could compensate for a small
sample size (N = 100), and that the Bayesian approach produced approximately unbiased
estimates with an acceptable RMSE under this condition. Thus, we believe that the Bayesian
approach offers great potential for analyzing intensive longitudinal data with the STARTS

model.

Table E1
Relative Bias and Relative RMSE for the Bayesian Approach with a Prior Sample Size of vo = 3, a

Ratio of Stable Trait to Autoregressive Trait Variance of 1:1, a Large State Variance (G% =.3) and a
Medium Sized Stability Coefficient (B =.5)

Relative bias Relative RMSE

N W=4 W=7 W=14 W=4 W=7 W=14

100 -0.03 —-0.06 —0.03 0.24 0.20 0.17
62 200 —0.01 —0.03 —0.02 0.19 0.16 0.13
500 0.01 —0.02 0.00 0.15 0.10 0.08

100 —-0.03 0.02 0.01 0.29 0.23 0.16
64 200 0.03 0.03 0.02 0.26 0.18 0.14
500 0.04 0.03 0.01 0.21 0.12 0.09

100 0.06 0.05 0.03 0.23 0.20 0.18
6% 200 0.06 0.05 0.00 0.21 0.18 0.16
500 0.07 0.02 0.00 0.17 0.16 0.11

100 0.01 -0.01 0.00 0.11 0.17 0.16
B 200 0.02 0.01 —-0.01 0.13 0.19 0.14
500 —0.01 0.00 -0.01 0.17 0.17 0.10

Note. W = number of measurement waves. N = sample size.
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Supplement F: Additional Simulation on More Extreme Conditions

In the following, we provide results of an additional simulation study in which we looked at
more extreme conditions. In this simulation, we set the ratio of the variance of the stable trait
factor to the variance of the autoregressive trait factor to 6:1, 1:6, and 1:13 (thus, in the most
extreme condition the magnitude of the variance of the stable trait was only .05). Again, we
specified IG prior distributions with vo = 1, 3, and 10, and a prior guess of .33 for the variance
parameters in the analysis models. For the stability parameter, we specified beta distributions
with v = 1, 3, and 10, and a prior guess of .5. We also varied the sample sizes (N = 200, 500,
and 1000) as well as the number of measurement waves (/W = 4 and 6). In the following, the

results are presented in Tables F'1 to F6.

The results show that even in these extreme conditions the Bayesian approach still outperformed
ML in terms of the RMSE (at least for a prior distribution with vy = 1). It is also evident that
the Bayesian estimates have a tendency to be more biased than the ML estimates. However, it
needs to be emphasized that in extreme conditions in which the magnitude of the population
variance is small (e.g., stable trait variance of .05 in the condition with a ratio of 1:13), the
relative bias became very large although the bias was small in absolute terms. For example, in
the condition with NV = 500 and W = 6 (Table F5), a relative bias of .63 for the stable trait
variance in the condition with a ratio of 1:13 (and a prior sample size of vo= 1) corresponds to
an absolute bias of only .63 x .05 = .03. In contrast, a relative bias of —.12 for ML estimation
of the stable trait variance (in the condition 6:1) corresponds to an absolute bias of —.12 X
.60 = —.07. Thus, one needs to be careful to compare the relative biases across very extreme

conditions.
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Table F1

38

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Medium Sample Size (N = 200), Four Measurement Waves (W = 4), a Large State Variance
(0% = .3) and a Medium Sized Stability Coefficient (B =.5)

Relative bias Relative RMSE Coverage

Ratio ML '\/0:1 V0:3 v0:10 ML V():l V0:3 V0:10 ML V():l V0:3 V0:10

6:1 -0.33 -0.04 -0.0r -0.12 056 0.13 014 017 979 95.7 939 871

62 1:6 -0.11 042 0.70 1.05 094 0.66 0.79 109 954 998 84.5 0.5

1:13 029 137 199 277 154 160 208 281 956 732 0.0 0.0

6:1 278 045 070 1.01 363 0.74 082 1.05 928 93.8 783 04

04 16 015 -0.03 -0.13 -0.26 0.29 0.23 0.23 030 99.7 988 964 772
1:13 012 -0.05 -0.17 -0.30 0.27 0.22 025 033 998 989 942 616

6:1 -028 -0.03 -0.10 —-0.17 057 0.11 0.13 0.18 88.0 98.2 945 73.7

6% 1.6 —0.27 —0.08 0.06 0.21 066 042 031 0.29 96.7 99.7 100 99.2
1:13 -0.31 -0.14 0.05 0.25 068 046 033 033 973 99.7 100 989

6:1 0.25 —-0.12 —-0.06 0.04 082 053 023 0.08 743 100 100 100

B 1.6 -0.06 -0.17 -0.15 -0.10 0.37 0.22 0.17 011 99.6 100 100 100
1:13 -0.10 -0.22 -0.19 -0.13 033 0.25 0.20 0.14 99.8 99.8 100 100

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq

= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of

stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table F2

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Medium Sample Size (N = 500), Four Measurement Waves (W = 4), a Large State Variance
(0% = .3) and a Medium Sized Stability Coefficient (B =.5)

Relative bias Relative RMSE Coverage

Ratio ML V():l V0:3 V():].O ML V():l V0:3 V0:10 ML V():l V0:3 V0:10

6:1 -0.30 -0.01 -0.03 -0.06 053 008 0.08 010 97.8 970 96.0 914
62 1:6 —0.10 034 053 081 081 052 0.61 0.84 944 996 91.7 2.8
1:13 0.15 1.06 154 219 126 1.21 1.61 222 958 834 04 0.0

6:1 266 029 048 0.75 342 050 0.57 078 99.0 945 84.0 7.1
04 16 0.12 0.03 -0.04 -0.15 023 0.16 014 019 993 986 988 88.0
1:13 0.09 0.02 -0.06 —-0.18 0.21 0.15 0.14 021 992 986 982 792

6:1 —-0.29 0.02 -0.04 —-0.12 0.56 0.08 0.08 013 86.5 995 980 78.1
6% 1.6 -0.21 —-0.13 —0.06 0.07 056 034 024 0.18 979 989 998 100
1:13 -0.23 -0.24 -0.12 0.07 055 040 027 019 986 97.7 994 998

6:1 0.14 -0.11 -0.11 0.00 0.79 059 032 0.09 635 100 100 100
B 1.6 -0.06 -0.16 -0.15 -0.13 0.32 0.21 0.17 014 993 995 996 99.8
1:13 -0.08 —-0.22 -0.21 -0.17 0.27 024 022 0.18 996 962 960 973

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.



SUPPLEMENT MORE STABLE ESTIMATION OF THE STARTS MODEL 40

Table F3

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Large Sample Size (N = 1000), Four Measurement Waves (W = }), a Large State Variance
(0% = .3) and a Medium Sized Stability Coefficient (B =.5)

Relative bias Relative RMSE Coverage

Ratio ML V():l V0:3 V():].O ML V():l V0:3 V0:10 ML V():l V0:3 V0:10

6:1 —0.25 0.00 -0.01 -0.04 048 0.06 006 0.07 976 976 970 93.7
62 1:6 —0.09 031 043 065 0.72 046 050 067 933 994 945 94
1:13 0.13 0.95 1.30 1.83 1.16 1.08 1.36 1.85 931 863 1.2 0.0

6:1 230 022 035 057 310 039 043 060 999 936 857 215
04 16 0.09 0.04 0.00 —-0.08 0.18 0.13 0.11 0.12 99.0 96.8 98.7 94.7
1:13 0.08 0.0 -0.01 -0.10 0.17 0.13 0.10 0.13 994 097.7 99.2 922

6:1 —0.26 0.03 -0.02 —-0.09 0.52 0.08 0.06 010 86.4 99.7 989 86.1
6% 1.6 -015 —-0.13 —-0.11 -0.02 047 030 022 014 979 97.9 988 99.8
1:13 -0.19 -026 -019 -0.06 048 038 027 015 988 942 96.7 99.9

6:1 0.10 -0.09 -0.11 -0.04 0.74 0.60 037 013 64.1 100 100 100
B 1.6 -0.03 -0.14 -0.15 -0.14 0.27 0.20 0.17 0.15 984 99.3 988 98.2
1:13 -0.07 -0.20 -0.21 -0.19 0.25 0.23 022 0.19 988 903 830 741

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table F4

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Medium Sample Size (N = 200), Siz Measurement Waves (W = 6), a Large State Variance
(0% = .3) and a Medium Sized Stability Coefficient (B =.5)

Relative bias Relative RMSE Coverage

Ratio ML V():l V0:3 V():].O ML V():l V0:3 V0:10 ML V():l V0:3 V0:10

6:1 -0.23 -0.03 -0.04 -0.0v 048 0.12 0.12 013 974 958 954 92.7
62 1:6 -0.13 020 042 0.76 0.68 042 051 0.79 972 993 923 6.6
1:13 0.02 0.82 1.34 209 1.03 098 141 2.13 966 871 1.3 0.0

6:1 210 024 041 0.68 3.01 044 050 0.71 989 949 86.6 109
04 16 0.08 0.02 -0.04 -0.14 022 017 015 0.18 988 983 985 914
1:13 0.07 0.03 -0.05 -0.16 0.21 0.16 0.14 019 989 986 99.2 869

6:1 —0.23 0.00 -0.06 —-0.14 0.50 0.10 0.10 0.15 90.2 99.2 968 78.1
6% 1.6 —-0.12 —0.09 —0.02 0.09 050 034 024 019 954 993 99.7 99.7
1:13 -0.17 —-0.20 -0.09 0.07 051 039 026 019 972 987 99.7 999

6:1 0.10 —-0.18 -0.19 -0.08 0.69 055 034 014 68.6 100 100 100
B 1:6 0.00 -0.11 -0.11 -0.08 028 0.19 0.15 010 989 998 998 100
1:13 -0.04 -0.17 -0.16 -0.12 024 021 0.18 0.13 99.0 983 987 999

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table F5

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance
for a Medium Sample Size (N = 500), Siz Measurement Waves (W = 6), a Large State Variance
(0% = .3) and a Medium Sized Stability Coefficient (B =.5)

Relative bias Relative RMSE Coverage

Ratio ML V():l V0:3 V():].O ML V():l V0:3 V0:10 ML V():l V0:3 V0:10

6:1 -0.12 -0.01 -0.02 -0.03 033 0.08 0.08 008 97.0 962 953 944
62 1:6 —0.09 013 028 052 052 032 036 055 966 986 953 264
1:13 0.01 0.63 1.01 1.57 083 077 1.06 159 959 88.8 10.2 0.0

6:1 1.28 0.16 027 047 218 031 034 050 993 942 88.0 326
04 16 0.05 0.03 0.00 —-0.05 0.16 0.13 0.11 0.10 981 96.1 985 97.3
1:13 0.05 0.04 0.00 -0.07r 0.15 0.13 0.10 0.11 978 96.8 99.0 96.3

6:1 —0.18 0.01 -0.04 -0.10 0.42 0.10 0.08 0.12 894 991 974 835
6% 1.6 —0.08 —0.09 -0.08 -0.02 037 028 021 014 949 97.7 987 99.7
1:13 -0.10 -0.18 -0.15 -0.06 037 033 025 015 975 945 970 99.7

6:1 0.02 -0.15 -0.19 -0.16 0.58 0.53 037 021 789 999 100 100
& 1:6 0.00 -0.08 -0.09 -0.10 0.21 0.16 0.14 011 966 98.6 984 98.7
1:13 -0.03 -0.14 -0.15 -0.14 0.19 0.18 0.17 0.15 974 921 889 875

Note. RMSE = root mean square error. ML = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Table F6

Relative Bias, Relative RMSE, and Coverage for the Mazimum Likelihood and the Bayesian Approach
(with Different Priors) as a Function of the Ratio of Stable Trait to Autoregressive Trait Variance for
a Large Sample Size (N = 1000), Siz Measurement Waves (W = 6), a Large State Variance (0% = .3)
and a Medium Sized Stability Coefficient (p =.5)

Relative bias Relative RMSE Coverage

Ratio ML 'V():]. V():3 \/():10 ML V():]. V():3 V(]:lo ML V():l V():3 V(]:lo

6:1 -0.06 -0.01 -0.01 -0.01 022 0.06 006 005 972 96.0 957 944
62 1:6 —0.05 0.10 021 039 039 027 028 041 961 98.0 948 46.0
1:13  —-0.04 048 078 123 065 059 082 125 965 91.0 229 0.0

6:1 075 013 020 035 150 027 027 037 993 929 882 481
04 16 0.03 0.02 0.01 -0.02 0.10 0.10 0.08 0.07 972 957 969 985
1:13 0.02 0.03 0.02 -0.02 0.10 0.10 0.08 0.07 975 952 975 985

6:1 —-0.13 0.00 -0.03 -0.09 0.34 0.10 0.08 010 91.7 974 963 85.1
6% 1:6 —0.03 -0.05 —0.07 —0.06 0.26 022 0.18 013 947 965 97.1 98.8
1:13 -0.05 -0.14 -0.16 -0.12 025 0.25 0.23 017 972 93.2 927 970

6:1 -001 -0.11 -0.16 -0.19 049 048 037 025 870 984 99.0 989
8 1:6 0.00 -0.06 -0.07 -0.09 0.16 0.14 0.12 0.11 952 972 96.8 94.8
113 -0.01 -0.11 -0.14 -0.15 0.14 0.15 015 0.16 974 91.0 814 63.0

Note. RMSE = root mean square error. MLL = Maximum Likelihood with constrained estimation. vq
= prior sample size selected the for the prior distributions in the Bayesian approach. Ratio = ratio of
stable trait variance to autoregressive trait variance. Relative biases smaller than —.10 or larger than

.10 and coverage rates smaller than 91% and larger than 98% are written in bold.
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Supplement G: Software Code for the Data Analysis Example

In the following, we present R code for estimating the STARTS model with five measurement
waves for the data analysis example (Trautwein et al., 2010) in the Mplus software as well in
the lavaan and the STARTS R packages.

G.1 lavaan Code

Below is the R code for estimating the STARTS model with five measurement waves with the

lavaan package. The estimation method is constrained maximum likelihood.

library(lavaan)

## define lavaan model

lavmodel <- "
#x*xx stable trait
T =7 1xW1 + 1xW2 + 1%W3 + 1xW4 + 1x*W5
T " vt xT

Wl 77 0xWi1

W2 77 0*W2

W3 77 0*W3

W4 ~7 O0*W4

W5 77 0*W5

#xxx autoregressive trait
AR1 =7 1xW1

AR2 =7 1xW2

AR3 =" 1xW3

AR4 =" 1xW4

AR5 =" 1xW5

#xx* state component
S1 =" 1xW1

S2 =7 1xW2

S3 =7 1*W3

S4 =" 1xW4

S5 =7 1xWb

S1 77 vs * S1
S2 77 vs * S2
S3 77 vs * 83
S4 77 vs *x S4
S5 77 vs * S5
AR2 ~ b * AR1
AR3 7 b * AR2
AR4 ~ b * AR3
AR5 7 b * AR4
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AR1 77 va * AR1

AR2 "7 v1 * AR2

AR3 "7 wv1 * AR3

AR4 ~7 v1 * AR4

AR5 "7 wv1 * AR5

#x**x nonlinear constraint
vi==vax*x (1-b"2)
#xx*x force variances to be positive
vt > 0.001

va > 0.001

vs > 0.001

#*x¥x* variance proportions
var_total := vt + vs + va
propt := vt / var_total

propa := va / var_total

props :

vs / var_total

# read covariance matrix

S <- matrix( c(
0.976 , 0.69 , 0.652 , 0.636 , 0.623 ,
0.9 , 0.97 , 0.739 , 0.729 , 0.719 ,
0.652 , 0.739 , 0.982 , 0.772 , 0.734 ,
0.636 , 0.729 , 0.772 , 1.045 , 0.817 ,
0.623 , 0.719 , 0.734 , 0.817 , 1.029 ,

), nrow=5 , ncol=5 , byrow=TRUE )
W <- ncol(8)

rownames (S) <- colnames(S) <- pasteO("W",1:W)

# estimate lavaan model

mod <- lavaan::lavaan( model = lavmodel , sample.cov = S , sample.nobs = 890 )

# summary and fit measures
summary (mod)

lavaan: :fitMeasures (mod)

G.2 Mplus Code

Below is Mplus syntax for estimating the STARTS model with five measurement waves. The

estimation method is constrained maximum likelihood.

TITLE:
STARTS simulation;

45
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DATA:

FILE is covdata.dat ;
TYPE IS COVARIANCE;
NOBSERVATIONS = 890;

VARIABLE:

NAMES ARE

Wl W2 W3 W4 W5;
USEVARIABLES ARE
Wl W2 W3 W4 W5;

ANALYSIS:
Model = NOCOVARIANCES;

MODEL:

Ixx*x stable trait;

T by W1-W5@1;

T (vt);

Ixx* autoregressive trait
arl by Wiei;

ar2 by W2@1;

ar3 by W3@1;

ar4 by W401;

ar5 by W5@1;

N1-N5@0;

I*xxx state component;
sl by Wi@1l;

s2 by W201;

s3 by W301;

s4 by W401;

s5 by W501;

s1-s5 (vs);

I*xx* autoregressive process
ar2 on arl *.8 (b);
ar3 on ar2 *.8 (b);
ar4 on ar3 *.8 (b);
.8 (b);

*

ar5 on ar4
arl (va);
ar2 (v1);
ar3 (v1);
ard (v1);
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ar5 (v1);

MODEL CONSTRAINT:

NEW (propt, propa, props, vartotal);
I*x* nonlinear constraint

vl = va * (1 - b*b);

I*x* inequality constraint

vt > 0.001;

va > 0.001;

vs > 0.001;

I*xx inference for variance proportions
vartotal = vt + vs + va ;

propt
propa = va / vartotal;

vt / vartotal;

props = vs / vartotal;

OUTPUT:
TECH4; CINTERVAL;

G.3 STARTS and LAM Code

Below is code for estimating the STARTS model with prior distributions using the STARTS
and LAM packages and the LAM: :amh function.

## attach needed packages
library (STARTS)
library (LAM)

## define list with input data

## S ... covariance matrix, M ... mean vector

S <- matrix( c(
0.976 , 0.69 , 0.652 , 0.636 , 0.623 ,
0.69 , 0.97 , 0.739 , 0.729 , 0.719 ,
0.652 , 0.739 , 0.982 , 0.772 , 0.734 ,
0.636 , 0.729 , 0.772 , 1.045 , 0.817 ,
0.623 , 0.719 , 0.734 , 0.817 , 1.029 ,

), nrow=5 , ncol=5 , byrow=TRUE )
W <- ncol(S) # number of measurement waves
data <- list( "S" = S , "M" = rep(0,W) , "n" = 890 , "W' = W )

#**x*x likelihood function for the STARTS model

model <- function( pars , data ){
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ok

H O H OH OH R

# mean vector

mu <- data$M

# covariance matrix

W <- data$W

var_trait <- pars["vt"]

var_ar <- pars["va"]

var_state <- pars["vs"]

a <- pars["b"]

Sigma <- STARTS::starts_cov( W=W , var_trait=vt , var_ar=va ,
var_state=vs , a=b )

# evaluate log-likelihood

11 <- LAM::loglike_mvnorm( S = data$S , Sigma = Sigma , M = data$M , mu = mu ,
n = data$n , lambda = 1E-3)

return(11)

Note:

(1) The function STARTS::starts_cov calculates the model implied covariance matrix
for the STARTS model.

(2) The function LAM::loglike_mvnorm evaluates the loglikelihood for a multivariate
normal distribution given sample and population means M and mu, and sample and

population covariance matrix S and Sigma.

#xxx starting values for parameters
pars <- ¢c( .33 , .33, .33, .75)

names(pars) <- C("Vt","V&","VS","b")

#xx* bounds for acceptance rates

acceptance_bounds <- c( .45 , .55 )

#xxx starting values for proposal standard deviations

proposal_sd <- c( .1, .1, .1, .1)

names (proposal_sd) <- names (pars)

#xx* lower and upper bounds for parameter estimates
pars_lower <- c( .001 , .001 , .001 , .001 )
pars_upper <- c( 10 , 10 , 10 , .999 )

#xx* define prior distributions | use prior sample size of 3

prior_model <- "

vt ~ dinvgamma(NA , 3 /2 , 3 % .33/ 2)
va ~ dinvgamma(NA , 3 , 3 * .33 / 2)

vs ~ dinvgamma(NA , 3 , 3 * .33 / 2)

b ~ dbeta(NA, 4 , 4 )

#*x*x* estimate model with ’LAM::amh’ function

mod <- LAM::amh( data=data , nobs = data$n , pars=pars , model=model ,
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prior=prior_model , proposal_sd=proposal_sd , n.iter = n.iter ,

n.burnin
#xx*x model summary

summary (mod)

n.burnin , pars_lower = pars_lower , pars_upper = pars_upper )



