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Study on evaluation of ability to apply knowledge by non-subject-based tests
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A cognitive diagnostic model was applied to examinees” response data of a
non-subject-based test. The skills required to solve each item were specified using statistical
methods and the skills were interpreted using insight from research on solving process. The effect
of acquiring each skill on the probability that an examinee will answer each 1tem correctly was
estimated, and the skill acquisition status of each examinee was estimated. The results suggested
that even examinees with similar test scores had different skill acquisition statuses.
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No. 1 25 Item No. Al A2 A3
1 1 1 0 1
2 1 1 0
MCT 3 0 1 0
Saito et al., 1996 4 1 0 0
Al 3 A2 (Z [1) 1 g
A3 7 1 1 0
8 0 1 0
G-DINA 9 0 1 0
10 1 1 0
11 1 0 1
MCT  Q 12 0 1 1
1 25 13 1 0 1
3 14 0 1 1
2 1 15 0 1 0
16 1 0 1
2 17 1 0 1
4 18 1 0 1
l 1=1234 Jj 19 1 0 1
1 20 1 0 1
21 0 0 1
a1 0 2 22 0 0 1
a,p 1 0 4 23 0 0 1
l J) 24 0 0 1
P; (D) 25 1 0 1
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Al A3 Item 5j() 5j 6]-2 5j12
1 0.771 0.191 0.193 —-0.191
2 2 0.344 0.232 0.263 0.053
1 3 0.939 0.061
10 01 2 4 0.452 0.432
11 5 0.706 0.239
6 0.550 0.264 0.411 —0.264
7 0.321 0.287 0.263 0.040
Iltem success probabilities for ltem 17 8 0755 0:223
9 0.210 0.311
100 10 0.421 0.253 0.233  0.006

11 0.675 0.271 0.205 —0.186
12 0.446 0.307 0.120 —-0.017
13 0.214 0.103 0.126 0.144
14 0.236 0.241 0.197 0.092
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16 0.442 0.129 0.006 0.341
17 0.194 0.383 0.360 —0.043
: 18 0.256 0.426 0.454 —0.255
19 0.296 0.248 0.354 —0.071
- 20 0.423 0.294 0.381 —0.128
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21 0.439 0.377
22 0.316 0.512
23 0.226  0.286
1: 17 24 0.311  0.300
25 0.088 0.106 0.207 0.288
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G-DINA
Q 3
(attribute patterns)
MCT score Latent groups (attribute patterns)
ranges 000 100 010 001 110 011 111| Total
0—-10 67 5 0 0 0 0 0 72
11-13 50 29 4 6 1 0 0 90
14—15 8 42 3 19 13 4 0 89
16—17 0 28 il 7 27 19 3 85
18—19 0 2 0 0 19 15 47 83
20-21 0 0 0 0 1 3 73 T
22-25 0 0 0 0 0 0 92 92
Total 125 106 8 32 61 41 215 588
Proportion(%)| 21.3 18.0 1.4 54 104 7.0 36.6

: 3 2020 6 19 . https://www._mext.
go. jp/content/20200624-mxt_daigakuc02-100001251 1.pdf ( 2024 6 13 ).
Leighton, J., Gierl, M. (Eds.): Cognitive diagnostic assessment for education:
Theory and applications. New York, NY: Cambridge University Press (2007).
de la Torre, J.: The generalized DINA model framework. Psychometrika 76, 179-199
(2011). doi:10.1007/s11336-011-9207-7
CEEB Special aptitude test in spatial relations, developed by the College Entrance
Examination Board, USA (1939).

Saito, T., Suzuki, K., Jingu, T.: Relations between spatial ability evaluated by a
mental cutting test and engineering graphics education. Proceedings of the 8th
International Conference on Engineering Computer Graphics and Descriptive Geometry,
231-235 (1998).

Ma, W., de la Torre, J.: GDINA: An R package for cognitive diagnosis modeling.
Journal of Statistical Software 93(14), 1-26 (2020). doi:10.18637/Jss.v093.114
Najera, P., Sorrel, M. A., Abad, F. J.: cdmTools: Useful tools for cognitive
diagnosis modeling. R package version 1.0.5.(2024). https://cran.r-project.org/web/
packages/cdmTools/ (accessed on June 13, 2024)

Saito, T., Shiina, K., Suzuki, K. Jingu, T.: Spatial ability evaluated by a mental
cutting test. Proceedings of the 7th International Conference on Engineering
Computer Graphics and Descriptive Geometry, 569-573 (1996).



Kumiko Shiina

Applying a Cognitive Diagnosis Model to Mental Cutting Test

The 21st International Conference on Geometry and Graphics (ICGG 2024)

2024




