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B =B 2
3
0,=(0, 0, 0, ~Npu X). 2.1
3 Pa-DINA . At
DINA sLong-DINA
m=(p ) >
B o - o 2.2
O ) O 3 3
z=r T o >
%m .y U%% 100,500 1 000
sLong-DINA w =0  oi=1 3 3
1
oy 1 0
T 1 2 15
1 0
1 2 3 4 5 6 7 8 9 10 11 12
pb 1 0 0 0 1 1 1 1 1 0 1 1
cp 0 1 0 0 1 1 0 0 0 1 1 0
un 0 0 1 0 0 0 1 1 0 0 0 1
id 0 0 0 1 0 0 0 0 1 1 1 1
- pb cp un 2 id 2
2
1 2 3 4 5 6 7 8 9 10 11 12
s 0.093 0.037 0.042 0.036 0.147 0.046 0.062 0.046 0.226 0.193 0. 303 0. 189
g 0.224  0.321 0.107 0.124 0.232 0.247 0.351 0.547 0.346 0.063 0.060 0.031
Patt-DINA 8 ( 4) .
1 3 DINA 2
1 2 1.
3 1
@; T @; ;i
1 (0000) 0.31 9 (1000) 0.03
2 (0001) 0.02 10 (1001) 0.01
3 (0010) 0.01 11 (1010) 0.02
4 (0011) 0.01 12 (rotr1) 0.02
5 (0100) 0.05 13 (1100) 0.05
6 (0101) 0.02 14 (1101) 0.02
7 (0110) 0.02 15 (1110) 0.03
8 (0111) 0.01 16 (1111) 0.37
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4
2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.81 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01
2 0.00 0.13 0.00 0.11 0.00 0.18 0.00 0.10 0.00 O.11 0.00 0.12 0.00 0.12 0.00 0.13
3 0.00 0.00 0.12 0.11 0.00 0.00 0.13 0.13 0.00 0.00 0.16 0.11 0.00 0.00 0.12 0.12
4 0.00 0.00 0.00 0.31 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.21 0.00 0.00 0.00 0.23
5 0.00 0.00 0.00 0.00 0.37 0.15 0.11 0.08 0.00 0.00 0.00 0.00 0.09 0.07 0.07 0.06
6 0.00 0.00 0.00 0.00 0.00 0.72 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.07
7 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.15
8§ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22
1 9 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.09 0.17 0.10 0.19 0.10 0.12 0.10
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.25 0.00 0.29 0.00 0.24
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.08 0.00 0.00 0.12 0.07
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.57
13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.08 0.09 0.11
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.00 0.53
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.45
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
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Patt-DINA ~Att-DINA
sLong-DINA 2 . sLong-DINA
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100 5 6 1000 9
.3 10 . 3
Patt-DINA Patt-DINA
1 Au-DINA Patt-DINA sLong-DINA
2 sLong-DINA sLong— Au-DINA Patt—
DINA 6 DINA Att-DINA Att-DINA
sLong-DINA Au-DINA sLong-DINA
2 Att-DINA sLong-DINA
5 100
1 2
AMR(1) AMR(2) AMR(3) AMR(4) PMR AMR(1) AMR(2) AMR(3) AMR(4) PMR
Patt-DINA  0.930 0.920 1. 000 0. 960 0. 840 0.930 0.950 0.940 0.950 0. 810
Att-DINA 0.940 0.930 1. 000 0. 960 0.870 0.940 0.950 0.930 0.950 0. 800
sLong-DINA  0.930 0.920 0. 990 0. 960 0. 840 0. 940 0. 950 0. 960 0.970 0. 840
DINA 0. 900 0. 860 0.920 0. 960 0.720 0.930 0.920 0. 960 0. 960 0. 800
Patt-DINA  0.930 0.920 1. 000 0. 960 0. 820 0. 930 0.930 0. 900 0. 950 0.750
Att-DINA 0.930 0. 960 0.980 0.980 0. 860 0.950 0. 960 0.910 0.920 0.770
’ sLong-DINA 0. 880 0. 880 0.980 0. 960 0.750 0. 900 0.940 0. 900 0. 890 0.710
DINA 0.900 0. 860 0. 940 0. 960 0. 740 0. 880 0. 870 0.970 0.910 0. 690
Patt-DINA  0.960 0.950 0. 960 0.940 0. 840 0.970 0.970 0.950 0.920 0. 840
Att-DINA  0.950 0. 950 0.920 0. 900 0. 760 0.970 0. 980 0. 940 0. 940 0. 860
sLong-DINA  0.950 0.970 0. 950 0. 950 0. 830 0.970 0. 980 0. 950 0. 960 0. 870
DINA 0. 950 0. 890 0.910 0. 950 0.750 0.990 0. 960 0.920 0. 960 0. 840
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6 100
-2LL NP AIC BIC DIC Poop
Patt-DINA 1 833.920 288 2 409. 920 3 160. 209 2 260. 471 0. 662
Au-DINA 1 841.889 56 1 953. 889 2 099. 779 2 205. 492 0. 624
sLong-DINA 1 848.524 59 1 966. 524 2 120.229 2347.197 0.742
DINA( timel) 951. 663 39 1 029. 663 1 131.265 1 329. 085 0.510
DINA( time2) 938.320 39 1 016. 320 1117.921 1 223.943 0.622
Patt-DINA 1 856. 040 288 2 432.040 3 182.329 2 430. 395 0.578
At-DINA 1 864.264 56 1 976.264 2 122.153 2 268. 678 0.494
sLong-DINA 1937.322 59 2 055.322 2 209. 027 2 563. 365 0.542
DINA( timel) 952.923 39 1 030.923 1 132.525 1 273.470 0.484
DINA( time2) 906. 209 39 984. 209 1 085. 810 1 238. 140 0.612
Patt-DINA 1526.511 288 2 102.511 2 852. 800 2 122.429 0.636
At-DINA 1 526. 676 56 1 638. 676 1 784. 566 1995.916 0. 668
sLong-DINA 1 504. 879 59 1 622.879 1 776. 584 1978.262 0. 660
DINA( timel) 814. 050 39 892. 050 993. 651 1 255. 460 0.554
DINA( time2) 720. 521 39 798. 521 900. 123 1 001.725 0.512

7 500

1 2

AMR(1) AMR(2) AMR(3) AMR(4) PMR AMR(1) AMR(2) AMR(3) AMR(4) PMR
Pat-DINA  0.954  0.908 0.946 0.970 0.826  0.954 0.936 0.968 0.972  0.862
Au-DINA ~ 0.944  0.938  0.960 0.988  0.848  0.920 0.918  0.964  0.968  0.792
sLongDINA  0.956  0.914  0.956 0.978  0.844  0.946 0.934 0.970  0.962  0.846
DINA 0.894  0.896  0.926  0.952  0.724  0.952  0.904 0.944  0.948  0.800
Pat-DINA  0.938  0.922 0.960 0.966 0.822  0.910 0.930 0.958  0.942  0.798
Au-DINA ~ 0.952  0.928  0.976  0.982  0.846  0.926  0.940  0.954  0.954  0.814
sLongDINA  0.940  0.906  0.950 0.964 0.800  0.896 0.926 0.866  0.882  0.670
DINA 0.908  0.898  0.926 0.952 0.736  0.924  0.896  0.940  0.934  0.748
Pat-DINA  0.956  0.904  0.908  0.900 0.728  0.972 0.946 0.918  0.934  0.804
Au-DINA  0.958  0.912  0.908  0.924  0.750  0.974  0.944  0.906 0.964  0.816
sLongDINA  0.954  0.938  0.916 0.932 0.778  0.980 0.944  0.916 0.964  0.832
DINA 0.966  0.940  0.926  0.950 0.812  0.974 0.928  0.902  0.948  0.796
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8 500

-2LL NP AlC BIC DIC Pove

Patt-DINA 9 097. 575 288 9 673.575 10 887.383 12 156. 745 0.550

At-DINA 9 088. 024 56 9 200. 024 9436.042 10 672.972 0.522
sLong-DINA 9 159. 600 59 9 277. 600 9526.262 11 838. 464 0.562

DINA( timel) 4 606. 257 39 4 684.257 4 848.627 8 147. 589 0.488

DINA( time2) 4541.105 39 4619. 105 4783.474 6 930. 591 0.444
Patt-DINA 9 206. 039 288 9 782. 039 10 995.846 12 675. 764 0.486

At-DINA 9 206. 425 56 9 318. 425 9554.443 11 185.556 0.510
sLong-DINA 9 545.773 59 9 663.773 9912.435 12 637.074 0.518

DINA( timel) 4602.914 39 4 680.914 4 845.284 8 512.935 0.502

DINA( time2) 4 529.899 39 4 607.899 4772.269 7 057. 262 0.492
Patt-DINA 8 399. 008 288 8 975.008 10 188.815 12 850. 858 0.492

At-DINA 8 439. 294 56 8 551.294 8787.312  12899.573 0.496
sLong-DINA 8 272.276 59 8 390. 276 8 638.938  12929.834 0.524

DINA( timel) 3.977.268 39 4 055.268 4219.637 6 784. 834 0.430

DINA( time2) 3.979.258 39 4 057.258 4221.628 5 336. 097 0. 466

9 1 000
1 2

AMR(1) AMR(2) AMR(3) AMR(4) PMR AMR(1) AMR(2) AMR(3) AMR(4)  PMR
Pat-DINA  0.959  0.923  0.958  0.954  0.828  0.945  0.938  0.950 0.969  0.850
Au-DINA  0.958  0.947  0.969 0.974 0.867  0.931  0.916 0.940 0.966  0.797
1 sLongDINA  0.951  0.929  0.951 0.954 0.825  0.950 0.944 0.948  0.967  0.854
DINA 0.928  0.894  0.946  0.929  0.768  0.959  0.920  0.944  0.959  0.835
Pat-DINA  0.954  0.929  0.958  0.966 0.830  0.929  0.923  0.957 0.949  0.797
Au-DINA ~ 0.967  0.931  0.974  0.973  0.853  0.928  0.922  0.957  0.954  0.793
: sLongDINA  0.955  0.875 0.945 0.942 0.765  0.916 0.904 0.898  0.908  0.709
DINA 0.919  0.892  0.945 0.936  0.763  0.920 0.884  0.915 0.962  0.730
Pat-DINA  0.953  0.923  0.916 0.926 0.762  0.975  0.939  0.937  0.927  0.810
Au-DINA  0.954  0.915  0.903 0.945 0.764  0.973  0.940  0.937  0.935  0.820
’ sLongDINA  0.964  0.925 0.927 0.941 0.797  0.968 0.937 0.939  0.942  0.811
DINA 0.946  0.897  0.909  0.924  0.740  0.966  0.944  0.930  0.946  0.816
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10 1 000
—2LL NP AIC BIC DIC Porp
Patt-DINA 18 430. 955 288 19 006. 955 20 420. 389 23 622. 181 0.512
Att-DINA 18 502. 065 56 18 614. 065 18 888. 899 21610.015 0.502
1 sLong-DINA 18 743. 880 59 18 861. 880 19 151.438 23 960. 053 0. 504
DINA( timel) 9 159. 288 39 9 237.288 9 428. 690 17 216. 960 0.510
DINA( time2) 9 086. 300 39 9 164. 300 9 355.702 14 706. 780 0.478
Patt-DINA 18 673.617 288 19 249. 617 20 663. 051 26 734.982 0.514
Att-DINA 18 791.014 56 18 903.014 19 177. 849 22 746. 425 0.502
2 sLong-DINA 19 448. 441 59 19 566. 441 19 855.999 26 442.526 0. 496
DINA( timel) 9 155.055 39 9 233.055 9 424. 457 19 544.910 0. 504
DINA( time2) 9 226.383 39 9 304.383 9 495.785 14 470. 110 0.502
Patt-DINA 16 116.202 288 16 692. 202 18 105. 635 26 085.371 0.538
Att-DINA 16 205. 263 56 16 317.263 16 592. 097 27 720. 499 0.526
3 sLong-DINA 15 800. 340 59 15 918. 340 16 207. 897 23 972.535 0.528
DINA( timel) 7 754.028 39 7 832.028 8 023.431 15 501. 560 0.516
DINA( time2) 7 934. 669 39 8 012. 669 8 204. 071 12 009. 350 0.452
3 4
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transition analysis: with applications in the social

The Comparative Study on the Generalization Performance of
Longitudinal Cognitive Diagnostic Models for Learning Assessment

SONG Lihong' YUAN Siyu> WANG Wenyi™
(1. School of Education Jiangxi Normal University Nanchang Jiangxi 330022 China;
2. School of Computer and Information Engineering Jiangxi Normal University Nanchang Jiangxi 330022 China)

Abstract: To investigate the ability of longitudinal cognitive diagnostic models to adapt to fresh data the
generalization performance of three longitudinal cognitive diagnostic models on different types of longitudinal data is
investigated. The first longitudinal cognitive diagnostic model is Patt-DINA a model of latent transition analysis at
the attribute pattern level. The second is the Att-DINA  a model of latent transition analysis at the attribute level.
And the sLong-DINA model is based on higher-order latent structures. The performance of these three models is
evaluated with the correct classification rates of attribute and pattern of students” knowledge states the absolute
model fit index and the relative model fit index. The results of the simulation study show that the Att-DINA model
and the sLong-DINA model are more advantageous in most conditions which means that their generalization
performance is relatively better. The Patt-DINA model is less advantageous due to the larger number of parameters
to be estimated but the model still has advantages when the sample size is large and it can estimate transition
probabilities of knowledge states with more space for variation.

Key words: longitudinal cognitive diagnostic model; attribute transition; pattern transition; higher-order model;

generalization performance



