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0.169 / 0.184 / 0.425
0.207 / 0.239 / 0.824
57.975/63.140/70.791
29.756/30.772/37.611
/1.146 / 11.022
0.168 / 0.186 / 0.350
0.205 / 0.249 / 0.702
57.320/63.355/67.923
29.739/30. 839/35.255
/1.181 / 7.985

0.170 / 0.178 / 0.319
0.208 / 0.220 / 0.614
51.233/56.991/62. 624
31.971/32.758/40. 883

/0.592 / 11.229
0.170 / 0.180 / 0.314
0.208 / 0.231 / 0.612
50.493/55.963/61.095
31.996/32. 898/40. 405

/0.710 / 10.531

0.168 / 0. 181 / 0.327
0.205 / 0.237 / 0.626
71.193/72.447/75.243
30.724/31.731/39. 148
7/ 0.967 / 10. 846
0.171 / 0. 188 / 0.301
0.209 / 0.262 / 0.586
67.716/69.351/71.731
30.789/32.001/37.321
/1.179 / 8.491

0.169 / 0.177 / 0.219
0.207 / 0.218 / 0.410
17.257/16.999/17. 547
29.323/29.842/29.338

/0.142 / 1.076
0.169 / 0.178 / 0.222
0.207 / 0.218 / 0.419
8.831 /9.044 / 9.789
29.296/29.729/29. 194

/0.101 / 1.068
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0.164 / 0.168 / 0.219
0.198 / 0.205 / 0.385
45.126/51.273/52. 667
30.836/30.738/30.796

/0.152 / 0.633
0.166 / 0.166 / 0.235
0.199 / 0.203 / 0.447
41.201/46.957/48.275
30. 636/30. 552/30. 591

7/ 0.137 / 0.860

0.164 / 0.166 / 0.252
0.199 / 0.204 / 0.479
39.017/44.251/46. 449
30.734/30.770/30.752

/0.093 7 0.976
0.164 / 0.168 / 0.232
0.198 / 0.205 / 0.421
36.813/42.332/44. 533
30. 849/30. 821/30. 867

/ 0.087 / 0.796

0.164 / 0.167 / 0.244
0.199 / 0.205 / 0.456
87.586/84.671/83.459
31.737/31.525/31. 541

/ 0.081 / 0.886
0.165 / 0.166 / 0.233
0.200 / 0.204 / 0.431
83.396/80.976/79.753
31.991/31.857/31. 840

/0.087 /0.787

0.165 / 0.168 / 0.218
0.200 / 0.205 / 0.382
18.189/17.900/17.737
30.317/30.420/30.513

/0.133 7 0.704
0.166 / 0.168 / 0.219
0.201 / 0.206 / 0.389
9.593 /9.337 / 9.330
30.063/30. 114/30. 144

/0.117 / 0.709
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0.177 / 0.179 / 0.387
0.217 / 0.220 / 0.769
35.970/39.047/45.732
18.072/18.231/21.621

/0.231 / 5.425
0.178 / 0.177 / 0.378
0.217 / 0.218 / 0.752
32.866/36.505/43.208
18.057/18.187/21. 406

/0.219 / 5.241

0.176 / 0.203 / 0.388
0.215 7/ 0.299 / 0.768
27.869/31.402/39. 179
17.755/18.413/23. 062

/0.817 /7.153
0.173 / 0.196 / 0. 360
0.212 /0.290 / 0.723
26.209/29. 844/37. 529
17.900/18. 655/22.735

/0.784 / 6.483

0.176 / 0. 180 / 0.358
0.216 / 0.221 / 0.711
49.342/49.628/53.284
18.490/18.677/22.792

/0.094 /5.892
0.179 / 0.178 / 0.370
0.219 / 0.218 / 0.733
44.082/44.350/49.290
18.410/18.549/22.912

/0.113 / 6.251

0.176 / 0.179 / 0.290
0.216 / 0.219 / 0.605
10.331/9.997/ 11.330
18.114/18.178/17.963

/0.031 / 1.120
0.174 / 0.179 / 0.278
0.213 / 0.220 / 0.580
5.382 /5.421 /7.720
18.121/18.271/18.087

/0.034 / 1.147
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0.168 / 0.174 / 0.255
0.205 / 0.212 / 0.496
35.760/39.329/40. 369
19.152/19.047/19.092

/0.077 / 0.517
0.173 / 0.173 / 0.264
0.209 / 0.212 / 0.524
32.269/36.059/37.235
18.978/18.873/18.908

7/ 0.077 / 0.550

0.170 / 0.170 / 0.259
0.205 / 0.209 / 0.502
31.784/34.759/36.421
19.285/19.248/19. 321

/ 0.038 / 0.597
0.169 / 0.172 / 0.255
0.206 / 0.210 / 0.493
29.889/32.810/34. 554
19.402/19.362/19. 436

/0.041 / 0.578

0.167 / 0.171 / 0.256
0.202 / 0.210 / 0.498
58.735/58.417/57.954
17.563/17.806/17.936

/0.038 / 0.586
0.171 / 0.173 / 0.253
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Abstract

Item selection strategy (ISS) is an important component of Computerized Adaptive Testing (CAT). Its performance
directly affects the security, efficiency and precision of the test. Thus, ISS becomes one of the central issues in CATs
based on the Graded Response Model { GRM). It is well known that the goal of IIS is to administer the next unused item
remaining in the item bank that best fits the examinee$ current ability estimate. In dichotomous IRT models, every item
has only one difficulty parameter and the item whose difficulty maiches the examinees current ability estimate is considered
to be the best fitting item. However, in GRM, each item has more than two ordered categories and has no single value to
represent the item difficulty. Consequently, some researchers have used to employ the average or the median difficulty
value across categories as the difficulty estimate for the item. Using the average value and the median value in effect intro-
duced two corresponding ISSs.

In this study, we used computer simulation compare four ISSs based on GRM. We also discussed the effect of " shad-
ow pool” on the uniformity of pool usage as well as the influence of different item parameter distributions and different
ability estimation methods on the evaluation criteria of CAT. In the simulation process, Monte Carlo method was adopted to
simulate the entire CAT process; 1000 examinees drawn from standard normal distribution and four 1000 — sized item pools
of different item parameter distributions were also simulated. The assumption of the simulation is that a polytomous item is
comprised of six ordered categories. In addition, ability estimates were derived using two methods. They were expected a
posteriori Bayesian ( EAP) and maximum likelihood estimation (MLE). In MLE, the Newton — Raphson iteration method
and the Fisher Score iteration method were employed, respectively, to solve the likelihood equation. Moreover, the CAT
process was simulated with each examinee 30 times to eliminate random error. The IISs were evaluated by four indices
usually used in CAT from four aspects — — the accuracy of ability estimation, the stability of IIS, the usage of item pool,
and the test efficiency. Simulation results showed adequate evaluation of the ISS that matched the estimate of an examinee
% current trait level with the difficulty values across categories. Setting " shadow pool" in ISS was able to improve the uni-
formity of pool utilization. Finally, different distributions of the item parameter and different ability estimation methods af-
fected the evaluation indices of CAT.

Key words graded response model, computerized adaptive testing, item selection strategy, shadow pool.



