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Some learning for first-year students in higher education is intended to
transfer knowledge. Learning aimed at knowledge transfer takes the form of self-study through
repetition of exercises. E-learning services are available for repetitive practice in which students

repeatedly solve problems in the form of exercises. An e-learning service that adjusts the learning

process while diagnosing the learner"s state of understanding is called an adaptive learning
system. In this study, we confirmed that the diagnostic function of the learner is possible through
the use of IRT. We also confirmed that it is possible to describe the structure among questions by
using Q-Matrix. We confirmed that it is possible to diagnose the state of comprehension by using the

information on the difficulty level of the questions and the structure between questions.
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Q-Matrix NMF
Lee(1999) NMF Non-negative Matrix Factorization
21 NMF
Desmarais 2011 Q-Matrix
NMF NMF 3
NMF Q-Matrix Q-Matrix 1
S1 S2 S3 sS4 S5 S6 s7
11 0.1969 0.0000 0.1422 0.3862 0.3208 0.3869 0.4619
12 0.0000 0.0000 0.2130 0.3919 0.3291 0.4114 0.4001
13 0.3146 0.1789 0.0000 0.4029 0.0000 0.2928 0.7249
14 0.2866 0.3597 0.1963 0.3891 0.0000 0.2567 0.1960
15 0.2498 0.3322 0.1515 0.4488 0.0000 0.0765 0.3794
16 0.7867 0.0000 0.0000 0.0000 0.5622 0.6429 0.0000
17 0.4217 0.0000 0.4267 0.4199 0.0000 0.3566 0.0000
18 0.0000 0.0000 0.6482 0.3760 0.0000 0.3490 0.0000
19 0.0000 0.0000 0.5388 0.3735 0.0000 0.6140 0.0000
110 0.9417 0.0000 0.0000 0.0000 0.0000 0.8547 0.0000
111 0.0000 0.0000 0.4072 0.3669 0.4690 0.3532 0.0000
112 0.0000 0.6126 0.0000 0.4533 0.0000 0.3482 0.0000
113 0.0000 0.6199 0.0000 05713 0.0000 0.0000 0.0000
114 0.3440 0.0000 0.0000 0.0000 0.4052 0.9334 0.0000
115 0.0000 0.6852 0.2461 0.4653 0.0000 0.0000 0.0000
116 0.0000 0.8063 0.0000 0.4919 0.0000 0.0000 0.0000
117 0.0000 0.5613 0.2735 0.4826 0.0000 0.0000 0.0000
118 0.0000 0.8652 0.0000 0.4762 0.0000 0.0000 0.0000
119 0.5678 1.0930 0.0000 0.0000 0.0002 0.0000 0.0000
120 0.0000 0.2554 0.1606 0.3127 0.0000 0.4028 0.6802
121 0.0000 0.5194 0.2061 0.3970 0.0000 0.0000 0.4871
122 0.0000 0.5077 0.2516 0.4402 0.0000 0.0000 0.4064
123 0.4273 0.4623 0.4879 0.0000 0.1941 0.0000 0.0000
124 0.4628 0.1604 0.1014 0.3424 0.1553 0.2598 0.5334
125 0.0000 0.0001 0.4173 0.4578 0.4176 0.0000 0.3780
126 0.0000 0.0000 0.5451 0.4955 0.4865 0.0000 0.0000
127 0.0000 0.0033 0.3833 0.4637 0.4915 0.0000 0.3816
128 0.9308 0.0000 0.0000 0.0000 0.0807 0.0000 1.0968
129 0.0000 0.0000 0.5235 0.4910 0.4730 0.0000 0.0000
130 0.0000 0.0000 0.4184 0.5041 0.6315 0.0000 0.0000
131 0.0000 0.0000 0.5196 0.4791 0.6001 0.0000 0.0000
132 0.6068 0.0000 0.4330 0.0000 0.6479 0.0000 0.1417
1 NMF
7 S 7 1 S1
S7 S5 132
131 130 125 126 127 128 129 S5
NMF
NMF IRT
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