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Big Shadow Method [van dar Linden 2005]
Set Packing Problem [Belov and Armstrong 2006 ]
Genetic algorithm method [Sum et al. 2008]

Bees algorithm method [Songmuang and Ueno 2011]



- W. J. van der Linden, Liner Models for Optimal Test Design. Springer, 2005.

- D. I. Belov and R. D. Armstrong, “A constraint programming
approach to extract the maximum number of non—overlapplnfg
test forms,” Computational Optimization and Applications, vol.
33, pp. 319-332, 2006.

- K.-T. Sun, Y.-J. Chen, S.-Y. Tsai, and C.-F. Cheng, “Creating
irtbased parallel test forms using the genetic algorithm
method,” Applied Measurement in Education, vol. 2, no. 21, pp.
141-161, 2008.

- P. Son muan? and M. Ueno, “Bees algorithm for construction of
multiple test forms in e-testing,” IEEE Transactions on Learning
Technologies, vol. 4, pp. 209-221, 2011.

- T. Ishii, P. Songmuang, and M. Ueno, “Maximum clique
algoritﬁm and its approximation for uniform test form
assembly,” IEEE Transactions on Learning Technologies, vol.7,
no.1l, pp.83-95, 2014.

- T. Ishii and M. Ueno, “Algorithm for uniform test assembly
using a maximum clllque problem and integer programming,”
International Conference on Artificial Intelligence in Education

Springer, pp.102-112 2017.
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1. Takatoshi Ishii, Maomi Ueno, “Algorithm for Uniform Test Assembly Using a Maximum
Clique Problem and Integer Programming”, International Conference on Artificial
Intelligence in Education (AIED), LNAI 10331, pp. 102-112. 2017

2. Takatoshi Ishii, Pokpong Songmuang, Maomi Ueno, “Maximum Clique Algorithm and
its approximation for Uniform Test Form Assembly”, IEEE Transactions on Learning

Technologies, Vol.7(1), pp.83-95, 2014.
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Item bank

size OoC Hybrid RBP Proposal
500 0 17 17
5 9,774 14,331
10 126,987 127,149
1000 0 33 34
5 62,965 97,492
10 127,432 131,300
2000 0 69 70
5 103,164 129,257
10 126,532 140,700
978 0 35 35
(actual) 5 61,859 73,693
10 122,681 124,200
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Takatoshi Ishii and Maomi Ueno: Clique Algorithm to Minimize Item

Exposure for Uniform Test Forms Assembly, Artificial Intelligence
in Education — 17th International Conference, AIED 2015, 638-641
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Pool Size | OC 72 MR [BABH |y |74 MBA [BABH .o

e 25 FA R 25 254 FAEREE
0 10 1| 0.10000 10 11 0.10000
500 5 1339 354 0.08159 4989 365 0.07316
10 99976 13009 0.13012 99970, 5372 0.05374
0 13 1| 0.05556 18 1 0.05556
1000 5 16392 3364 0.07251 50778 1626| 0.03202
100 1000000 8740 008740 1000000 2847 0.02847
0 32 1| 0.03125 32 11 0.03125
2000 5 067321 3761 0.03388 07422 1398 0.01435
100 100000 4035 004035 100000 1418 0.01418
o 13 1| 0.05556 19 1/ 0.05263
978%7— 5 15806]  5177| 0.11302 54794 1726/ 0.03150
100 100000 16495 0.16495 100000 2755 0.02755
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Ueno and Miyazawa, Uniform adaptive testing

using maximum clique algorithm, Artificial
Intelligence in Education (AIED) 482-493 , 2019
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1. O F=7ANzHVEERE T A M (van der
Linden, 2005 )
DOFFEEDEH (BHE) =iz d v F—T AN zE
X

Qv F—TAMOIEHR=EN R ADIEE Z:ER

2. VAT LN DR EE

( Kingsbury1989,Hetter1997 )
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KERIER(ET—%)

AT |k S18IE |FEIRAY)L— |FHOHEIRR (IEHEHEA | HEBEHHFY
VANRAN = J% E5 {(El
>0

EeREsE> - e 65.5 1000 67
A -
LINDEN(199 o  ------ 87.9 90 89.9
8)
Kingsbury 0 20 63.5 382 45.1
978 (JABZX50)

Kingsbury 0 10 61.7 556 44 .66
(IEEZX100)
IEE(1aEZX 0 7 41.2 143 42.1
50)

10 8669 40.7 136 41.6
IEE(1aEZX 0) 2 54.8 500 56
100)

10 /7088 54.3 179 55.5
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Ueno and Miyazawa, Uniform adaptive testing using
maximum cliqgue algorithm, Artificial Intelligence in
Education (AIED) 482-493, 2019



EHSE

47 I

\
4

Eﬁﬁ/\a)lblﬁ(ﬁ

#E (JZET?:

/
/
/

- ’fﬁ?" NOHFEIE




-
7717 )\ ONDIAEE DR G HEHR




TR

J)L— T RDOIEB D/

~r~FA
FE




e
4., REARZ W CEIGE T X S

IR ERE, REARZHAWNVCEGETAMNDZ[E
E*J__"ﬂﬁ(uct%’“_mﬁlaaﬁ ClIPER
EURIE RFZEEIHX (2021)

TnITI



e
EEBRRCETZIE

N . . v
FEFEEICET X M TERIERZBRDMMEM < mmeo-0

([C7xD. IBREROFTEREAIEX —
s BEDUHRERZER L THE e
IEE&EIRZ &3R1t ER—
M. Ueno, P. Songmuang (2010) !
M. Ueno (2013) E%Tg‘%
Delgado-Gomez (2019) N —
Rodriguez-Cuadrado (2020)
SIEIDEEIIETEE
O-=EmEENETEIOED




SRTERZ AUWZEGEI S fDT[Ueno &
Sonmuang 2010]
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FEEINI-VICRH L TRENIEOZHE.

M. Ueno, P. Songmuang (2010), “Computerized Adaptive Testing based on Decision Tree”,
The 10th IEEE International Conference on Advanced Learning Technologies, pp.191-193.



M. Ueno, P. Songmuang (2010), “Computerized Adaptive
Testing based on Decision Tree”, The 10th IEEE International
Conference on Advanced Learning Technologies, pp.191-193.

M. Ueno (2013), “Adaptive Testing Based on Bayesian
Decision Theory”, Artificial Intelligence in Education 2013,
pp.7/12-716.

D. Delgado-Gomez, Juan C. Laria, Diego Ruiz-Hernandez
(2019), “Computerized adaptive test and decision trees: A
unifying approach”, Expert Systems With Applications 117
pp.358-366. (Elsevier)

Javier Rodriguez-Cuadrado, David Delgado-Gomez, Juan C.
Laria,

Sara Rodriguez-Cuadrado (2020), “Merged Tree-CAT: A fast
method for building precise computerized adaptive tests
based on decision trees”,

Expert Systems With Applications 143 pp.122-130 (Elsevier)
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- Merged Tree—CAT[Rodriguez-Cuadrado,
Delgado-Gomez & Laria 2020]
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EEx1
BRI DL

e PO posal Tree-CAT = = =MergedTree-CAT ====- Restricted
0.9
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MSE
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> BENHETEFRE (T Tree-CAT, Merged Tree-CAT & [EIFEE
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52 MBS RIDLLS:

IREARERK T8 B ZRERE (TAT
DIEE DF)

Proposal 2.6(min) 0
Tree-CAT 33.5(min) 0
Merged Tree-CAT 3.1(min) 0
Restricted 0 11(sec)
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Method Merged Tree-CAT Proposal

Test length 10 30 70 10 30 70
K™%
500 | 200 | 0.247 | 0.117 | 0.083 | 0.249 | 0.118 | 0.083
300 | 0.245 | 0.115 | 0.080 | 0.246 | 0.116 | 0.081
500 | 0.243 | 0.114 | 0.078 | 0.244 | 0.114 | 0.079
1000 | 200 | 0.234 | 0.104 | 0.062 | 0.235 | 0.104 | 0.062
300 | 0.233 | 0.104 | 0.061 | 0.233 | 0.105 | 0.062
500 | 0.231 | 0.103 | 0.060 | 0.231 | 0.104 | 0.061
2000 | 200 | 0.226 | 0.099 | 0.056 | 0.227 | 0.099 | 0.056
300 | 0.224 | 0.097 | 0.055 | 0.225 | 0.098 | 0.055
500 | 0.223 | 0.096 | 0.053 | 0.223 | 0.097 | 0.054
978 | 200 | 0.325 | 0.178 | 0.108 | 0.329 | 0.180 | 0.110
300 | 0.323 | 0.175 | 0.105 | 0.325 | 0.176 | 0.107
500 | 0.320 | 0.173 | 0.101 | 0.321 | 0.175 | 0.104

> Merged Tree-CAT E[EREDEENEERE ZHITL TS

Item Bank
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Method Merged Tree-CAT Proposal
Test length 10 | 30 70 10 | 30 70
K™ *
500 | 200 | 1.4 | 84 | 269 1.2 | 6.5 214
300 | 2.0 | 124 | 403 1.8 | 9.1 31.2
500 | 2.7 | 19.5 | 66.3 25 | 154 | 528
1000 | 200 | 2.8 | 17.2 | 53.6 24 | 127 | 419
300 | 40 | 25.1 | 79.9 3.7 | 182 | 579
500 | 5.2 | 393 | 131.0 | 5.0 | 28.6 | 93.1
2000 | 200 | 5.7 | 358 | 113.2 | 5.0 | 26.7 | 89.0
300 | 7.1 | 52.0 | 173.8 | 6.5 | 37.6 | 1253
500 | 93 | 794 | 2769 | 9.0 | 59.2 | 195.8
978 | 200 | 3.1 | 183 | 614 26 | 13.7 | 453
300 | 42 | 26.5 | 86.3 39 | 19.2 | 62.6
500 | 5.7 | 43.1 | 1435 | 5.3 | 31.0 | 102.6

> REREMEEINDHIR SN TND
AT LI ONKREWVEE, HBEBMNZVSENIEE
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Test length 10 30 70
K™
500 | 200 | 0.857 | 0.767 | 0.797
300 | 0.899 | 0.734 | 0.788
500 | 0.926 | 0.788 | 0.789
1000 | 200 | 0.857 | 0.738 | 0.782
300 | 0923 | 0.725 | 0.725
500 | 0.935 | 0.728 | 0.711
2000 | 200 | 0.877 | 0.746 | 0.786
300 | 0915 | 0.726 | 0.721
500 | 0.940 | 0.740 | 0.703
978 | 200 | 0.839 | 0.749 | 0.738
300 | 0.922 | 0.727 | 0.726
500 | 0.926 | 0.719 | 0.715

[tem Bank
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Vol.J103, No.4, pp.314-329 (2020)
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M0YTHE FAMAHE HEHAE ZWAK Ti#  RMSE pearson kendall | 10 % Tik 7AMHHE IlMHH ZMAM T  RMSE pearson kendall
DRM 0469 0890  0.748 DRM 0.665 0.778 0.568

o 2PLM  0.420 0.912 0.781 0 2PLM 1111 0.381  0.237

’ 100 DRM 0447 0900  0.766 ’ 100 DRM  0.622 0.807 0.629

2PLM  0.438  0.904 0.770 2PLM  0.779  0.696  0.466

10 5 DRM  0.458 0896  0.747 10 50 DRM  0.797 0.702  0.467
0 2PLM 0456  0.896 0.751 0 2PLM 1170 0314 0.184

100 DRM 0605 0817  0.665 100 DRM 0.721 0.740 0.561

2PLM  0.440 0.903 0.767 2PLM  1.176  0.308  0.197

DRM 0341 0942  0.848 DRM 0.701 0.754 0.513

5 0 2PLM  0.303 0.954 0.864 5 0 2PLM  0.808  0.673 0457

DRM 0319 0949  0.865 DRM  0.501 0.875 0.716

random 2 100 2PLM  0.292  0.957 0.870 system 30 100 2PLM 0573 0.836  0.672
DRM 0328 0946 0.860 DRM 0.661 0.781 0.586

o 2PLM  0.308 0.952  0.838 0 2PLM  0.786  0.691  0.489

0 100 DRM 0339 0943 0851 ! 100 DRM  0.579 0.832 0.664

2PLM  0.314 0951 0.858 2PLM 0762 0.709  0.506

5 DRM 0317 0950  0.882 50 DRM  0.376  0.929 0.802

. 2PLM  0.251  0.969 0.895 5 2PLM 0426 0.909  0.760

DRM 0312 0964  0.891 DRM 0.393 0923 0.811

100 2PLM  0.243  0.970 0.896 100 2PLM 0805  0.750  0.543

0 5 DRM 0360 0935  0.856 0 50 DRM  0.635 0.798 0.599
0 2PLM  0.274  0.962 0.876 0 2PLM  0.782  0.694  0.489

DRM 0261 0966  0.884 DRM  0.408 0916 0.785

100 2PLM  0.251  0.968 0.892 100 2PLM 0612 0.812  0.532
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EKER 2 O REDMHMSOXATRIFEE
41 o 02 | DeeplRT IRT
-0.1 0.1 0.9 | 0.833 0.850
-0.2 0.2 0.8 | 0.783 0.800
-0.3 0.3 0.7 | 0.817 0.800
-0.4 0.4 0.6 | 0.833 0.783
-0.5 0.5 0.5 | 0.783 0.767
-0.6 0.6 0.4 | 0.850 0.833
-0.7 0.7 0.3 | 0.789 0.800
-0.8 0.8 0.2 | 0.867 0.833
-0.9 0.9 0.1 | 0.850 0.833
Average 0.823* 0.811
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ErFr—4X 2PLM Deep IRT
ZERHE THAHE XKREHE | ERER F IEfi##  F fii

1 169 50 0% 0.817 0.760 0.817 0.779
B ) 5% 1221 179 87.80% | 0.669 0.665 0.679 0.679
Fuss3vs1 | % 13 0% 0.731  0.690 0.742 0.722
Tus53v52 | 14 19 6.80% | 0.730 0.685 0.770 0.746
it 26 25 33.80% | 0.840 0.802 0.920 0.908
Hi i 2 31 90 46.30% | 0.867 0.712 0.900 0.833
Hoihi % 85 69 26.40% | 0.941 0.792 0.929 0.814
Bak_ BoE 12348 48 16.40% | 0.810 0.806 0.830 0.783
Kk e 9172 24 12.00% | 0.765 0.585 0.733  0.599
AL s 239 119 93.60% | 0.729 0.729 0.725 0.725
AL k¥ 1139 364  92.10% | 0.724 0.724 0.722  0.722
AL gy 192 114 90.60% | 0.776 0.774 0.792 0.791
T4 0.783 0.727 0.797 0.758%*
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