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A time-dependent latent class analysis based on
states-transition

Nobuoki ESHIMA, Chooichiro ASANO
and Michiko WATANABE

Two types of new latent class model are proposed for questionnaires observed at
several time-points, where existence of certain time-dependent latent classes is assumed.
The authors concretely derive the EM algorithm to obtain maximum likelihood estimates
of latent parameters in the respective models, such as mixed proportions and identified
states-transition parameters of the respective latent classes. The merit of the algorithm
derived here is that the resultant estimates can not be improter solutions. Also, the
goodness of fit test is given with some numerical examples. The FORTRAN software is

available from the authors.
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Table 1  Source data for model I
Time-points Time-points Time-points
1 2 3  Frequencies 1 2 3  Frequencies 1 2 3  Frequencies
Response Patterns Response Patterns Response Patterns
1 1 1 151 2 2 3 17 3 4 1 3
1 1 2 33 2 2 4 8 3 4 2 10
1 1 3 5 2 3 1 11 3 4 3 12
1 1 4 9 2 3 2 7 3 4 4 18
1 2 1 19 2 3 3 12 4 1 1 2
1 2 2 35 2 3 4 9 4 1 2 7
1 2 3 21 2 4 1 9 4 1 3 2
1 2 4 13 2 4 2 4 4 1 4 7
1 3 1 8 2 4 3 12 4 2 1 8
1 3 2 10 2 4 4 8 4 2 2 7
1 3 3 8 3 1 1 12 4 2 3 3
1 3 4 8 3 1 2 13 4 2 4 2
1 4 1 11 3 1 3 5 4 3 1 7
1 4 2 10 3 1 4 9 4 3 2 10
1 4 3 18 3 2 1 15 4 3 3 14
1 4 4 13 3 2 2 16 4 3 4 4
2 1 1 44 3 2 3 4 4 4 1 3
2 1 2 13 3 2 4 8 4 4 2 9
2 1 3 6 3 3 1 11 4 4 3 12
2 1 4 8 3 3 2 17 4 4 4 40
2 2 1 28 3 3 3 70
2 2 2 55 3 3 4 17
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Table 2  Initial values for input
Relative sizes of classes Transition probability matrix
class 1
class ! 2 8 0. 700 0.100 0.100 0. 100
: 0. 100 0. 700 0. 100 0. 100
size 0. 330 0. 330 0. 340 0. 100 0. 100 0. 700 0.100
0. 100 0. 100 0. 100 0.700
Initial distribution of states class 2
0. 700 0. 100 0. 100 0. 100
class 1 0. 500 0. 300 0. 100 0. 100
0. 250 0. 250 0. 250 0. 250 0. 333 0. 333 0. 167 0. 167
0. 250 0. 250 0. 250 0. 250
class 2
0. 250 0. 250 0. 250 0. 250 class 3
: ' : . 0. 250 0. 250 0. 250 0. 250
0. 250 0. 250 0. 250 0. 250
class 3 0. 250 0.250 0.250 0.250
0. 250 0. 250 0. 250 0. 250 0. 250 0. 250 0. 250 0. 250
Table 3  Estimated latent parameters
Relative -sizes of classes Transition probability matrix
class 1
class ! 2 8 0.795 0.186 0. 004 0.016
: 0.138 0.737 0.113 0.011
size 0. 362 0. 294 0. 341 0. 042 0. 066 0. 770 0121
0. 009 0. 061 0. 146 0.784
Initial distribution of states class 2
0.763 0.116 0. 050 0.071
class 1 0.593 0. 333 0.012 0.063
0. 357 0.199 0. 286 0. 158 0. 141 0, 323 0. 285 0. 251
0. 021 0. 428 0. 250 0. 300
class 2 class 3
0. 406 0. 266 0.229 0.098 0.043 0.418 0.203 0.336
0. 152 0. 274 0. 308 0. 265
class 3 . 0. 330 0. 253 0. 223 0.194
0. 362 0.295 0. 203 0. 140 0.301 0.093 0.394 0.212
Test of Goodness of Fit
Likelihood chi-squared = 15.352
Degrees of freedom =16
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Table 4 Initial values for input

Relative sizes of classes

class 1 2 3

size 0. 250 0. 300 0. 450

Initial distribution of states

class 1

0. 350 0. 150 0. 350 0. 150
class 2

0. 350 0. 350 0. 150 0. 150
class 3

0. 400 0. 250 0. 250 0. 100

Transition probability matrix

0. 820
0. 110
0. 000
0. 000

0. 900
0. 400
0. 200
0. 000

0. 200
0. 250
0. 300
0. 200

class 1
0. 180 0. 000
0. 760 0. 130
0.120 0.780
0. 000 0. 140
class 2
0. 100 0. 000
0. 500 0. 100
0. 300 0. 400
0. 300 0. 200
class 3
0. 300 0. 200
0. 250 0. 250
0. 200 0. 300
0. 200 0. 300

000
000
100
860

cooo

000
000
100
500

oeeo

300
250
200
300

ooee

Table 5 Estimated latent parameters

Relative sizes of classes

class 1 2 3
size 0. 253 0. 285 0. 459

Initial distribution of states

class 1

0. 372 0.163 0. 310 0.155
class 2

0. 365 0. 295 0. 218 0.123
class 3

0. 379 0. 274 0. 217 0.130

Transition probability matrix

0.795
0. 061
0. 000
0. 000

0.917
0. 489
0. 140
0. 000

0. 152
0. 228
0. 297
0. 247

class 1
0. 205 0. 000
0.785 0. 154
0. 047 0. 847
0. 000 0. 142
class 2
0. 083 0. 000
0. 476 0. 035
0.271 0. 354
0. 350 0. 195
class 3
0. 354 0. 187
0. 275 0. 241
0. 255 0. 249
0. 149 0. 362

Test of Goodness of Fit

000
000
106
858

ooopo

000
000
. 234
. 455

poope

0. 306
0. 255
0. 200
0. 242

Likelihood chi-squared = 19,57
Degrees of fteedom =25
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Table 6 Source data for model II

Time-points Time-points . Time-points
1 2 Frequen- 1 2 Frequen- 1 2 " Frequen-
cies cies cies

Response Patterns Response Patterns Response Patterns

0 00 0 00 17 01 1 010 1 0 01 1 01 13

1 00 0 0 0 13 1 11 010 2 1 01 1 01 3

010 0 00 6 000 1 1 0 37 01 1 1 01 1

1 10 0 00 28 1 00 110 74 1 11 1 01 1

0 0 1 0 00 28 010 1 10 37 0 0 0 011 2

1 01 0 00 8 1 1 0 1 1 0 203 1 00 011 2

011 0 00 2 0 01 1 1 0 48 010 011 1

1 11 0 0 0 2 1 01 1 10 15 1 1 0 011 3

0 00 1 00 16 01 1 1 10 4 0 01 01 1 3

1 00 1 00 27 1 11 1 10 11 1 01 011 1

010 1 00 13 00 0 0 01 27 011 011 1

1 10 1 00 72 1 00 0 01 16 1 1 1 011 1

0 01 1 00 22 010 0 01 7 0 00 1 11 2

1 01 1 00 7 1 10 0 01 30 1 00 1 11 4

011 1 0.0 2 0 01 0 01 47 010 1 11 2

1 11 1 00 4 1 01 0 01 12 1 10 1 1 1 11

000 010 7 01 1 0 01 3 0 01 1 11 3

1 00 010 13 1 11 0 01 2 1 01 1 11 1

010 010 7 0 00 1 01 7 01 1 1 11 1

1 10 010 37 1 00 1 01 5 1 11 1 11 1

0 0 1 010 10 010 1 01 2

1 01 010 3 110 1 01 11

Table 7 Estimatéd latent parameters
Relative sizes of classes Transition matrix
class 1 2 0.847 0.153
size 0. 643 0. 357 0. 440 0. 560
. . . f Good f Fi
Response ratios for items in each class Test of Goodness of Fit
class 1 Likelihood chi-squared = 4.75
0.853 0.752 0. 049 Degrees of freedom = 54
class 2
0. 203 0. 067 0. 645
s £ v @ and unidentifiable models, Biometrika,
Vol. 61 (1974), pp. 215-231.
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