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A Study on the Factors Affecting Examinee Classification Accuracy
under DINA Model
: Focused on Examinee Classification Methods
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Abstract The purpose of this study was to examine the classification accuracies of ML, MAP, and EAP
methods under DINA model. For this purpose, this study examined the classification accuracies of the classification
methods under the various conditions: the number of attributes, the ability distribution of examinees, and test
length. To accomplish this purpose, this study used a simulation method. For the simulation study, data was
simulated under the various simulation conditions including the number of attributes (K= 5, 7), the ability
distribution of examinees (high, middle, low), and test length (J= 15, 30, 45). Additionally, the percent of
agreements between true skill patterns(true ) and skill patterns estimated by the ML, MAP, and EAP methods
were calculated. The summary of the main results of this study is as follows: First, When the number of
attributes was 5 and 7, the EAP method showed relatively higher average in the percent of exact agreement than
the ML and MAP methods. Second, under the same conditions, as the number of attributes increased, the average
percent of exact agreement decreased in ML, MAP, and EAP methods. Third, when the prior distribution of
examinees ability was different from low to high under the conditions of the same test length, the EAP method
showed relatively higher average in the percent of exact agreement than those of the ML and MAP methods.
Fourth, the average percent of exact agreement increased in all methods, ML, MAP, and EAP when the test
length increased from 15 to 30 and 45 under the conditions of the same the ability distribution of examinees.
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[Table 1] Q-Matrix for the 15 Item Test

it Attribute

tem Al A2 A3 Ad A5
1 0 1 0 0 0
2 0 0 1 0 0
3 1 0 0 0 0
4 0 1 0 0 1
5 1 0 0 1 0
6 0 0 1 1 0
7 0 1 1 0 0
8 1 1 0 1 0
9 0 1 1 0 1
10 1 0 1 0 1
1 1 1 0 1 0
12 0 0 1 1 1
13 1 0 0 1 1
14 0 1 1 0 1
15 1 0 0 1 1
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[Table 2] Mean of item parameters(guess, slip)

. Test K=5 K= 7
Population ; :
length guess slip guess slip

15 .1801 .1964 .1620 .1860

High 30 1917 1912 .1935 .1906
45 1578 .1708 1715 .1674

15 .1848 .1817 .1478 1787

Middle 30 .1789 .1919 .1645 .1598
45 .1650 .1643 .1834 .1652

15 .1469 1734 1759 1719

Low 30 .1667 .1904 .1593 .1669
45 .1634 .1653 .1941 1671
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[Table 3] Generating Probabilities for the High, Middle and Low Ability Examinee Populations for Simulation

the number of attributes mastered

Population 4, 50, 1, 5) 2, 3(3) 0, 12, 4)

rate number total rate number total rate number total

High .0416 6 2496 .0312 20 .6240 .0208 6 1248

K=5 Middle .0208 7 .1456 .0416 10 4160 0312 15 4680
Low .0208 6 1248 .0312 20 .6240 .0416 6 .2496

the number of attributes mastered
5,6, 70, 1, 6, 7) 3, 43, 4) 0, 1, 22, 5)

rate number total rate number total rate number total

High .0104 29 3016 .0078 70 .5460 .0052 29 1508

K=7 Middle .0052 16 .0832 .0104 70 7280 .0078 42 3276
Low .0052 29 .1508 .0078 70 .5460 0104 29 3016
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[Table 4] Percent of Exact Agreement Between MLE/MAP/EAP and True Skill Patterns, by Individual Skills and Total

N*K Skills for K=5

( )standard deviation

Popula  Test

. Method Al A2
tion  length

A3 A4 A5 Total N*K

MLE  .8609 (.0404)
15 MAP | 8610 (.0401)
EAP . .8657 (.0388)

8724 (.0328)
8727 (.0328)
8766 (.0312)

8708 (.0335)
8710 (.0334)
8765 (.0317)

7777 (.0248)
7737 (.0234)
7841 (.0231)

7689 (.0217)
7689 (.0217)
7781 (.0217)

8302 (.0306)
18295 (.0303)
8362 (.0293)

MLE 9127 (.0251)
30 MAP | 9127 (.0252)
EAP 9193 (.0223)

9392 (.0215)
9393 (.0215)
9425 (.0195)

High

9345 (.0213)
9347 (.0211)
9389 (.0178)

8292 (.0169)
8301 (.0171)
8414 (.0153)

8226 (.0174)
8283 (.0165)
8376 (.0154)

8877 (.0204)
.8890 (.0203)
18959 (.0181)

MLE | .9526 (.0162) : .9671 (.0109)

9669 (.0116)

.8565 (.0112) : .8540 (.0115) : .9194 (.0123)

45 MAP | 9527 (.0162) : 9671 (.0109) i .9669 (.0115) : .8645 (.0143) : .8657 (.0119) | .9234 (.0130)
EAP .9539 (.0159) : .9679 (.0103) : .9683 (.0106) : .8697 (.0136) : .8695 (.0111) : .9259 (.0123)
MLE | .8584 (.0406) : .8674 (.0331) : .8685 (.0364) : .7644 (.0230) : .7592 (.0250) : .8236 (.0316)
15 MAP | .8574 (.0404) : .8655 (.0331) : .8680 (.0363) : .7663 (.0227) | .7654 (.0246) | .8245 (.0314)

EAP .8631 (.0393) : .8701 (.0312)

8726 (.0355)

7764 (.0215) i .7723 (.0228) : .8309 (.0301)

MLE 9145 (.0242)
Middle 30  MAP  .9140 (.0243)
EAP | 9187 (.0222)

9342 (.0196)
9338 (.0198)
9381 (.0179)

9340 (.0189)
9338 (.0188)
9380 (.0171)

8205 (.0172)
8249 (.0184)
8383 (.0164)

8195 (.0181)
8246 (.0170)
8332 (.0159)

8845 (.0196)
8862 (.0197)
.8933 (.0179)

MLE : .9538 (.0155) i .9679 (.0116)

9668 (.0124)

.8491 (.0126) : .8535 (.0138) : .9182 (.0132)

4 MAP | 9537 (0153) = 9680 (0117) : 9669 (.0122) = .8644 (.0137) = .8661 (.0133) | .9238 (.0132)

EAP | .9542 (0154) | 9684 (.0120) = .9677 (.0118) @ .8688 (.0137) | .8694 (.0124) | .9257 (.0131)

MLE 8342 (.0452) .8464 (.0423) .8382 (.0429) | .7492 (.0257) | .7395 (.0233) | .8015 (.0359)

15 MAP | .8374 (.0444) = 8510 (.0403) = .8427 (.0399) = .7510 (.0254) = .7390 (.0233) | .8042 (.0347)

EAP | 8424 (.0429) .8551 (.0382) = .8497 (.0380) | .7544 (.0245) = .7427 (.0231) | .8088 (.0333)

Low MLE | .8923 (.0332) : .9230 (.0254) .9186 (.0251) | .8015 (.0207) . .8007 (.0164) = .8672 (.0242)
30  MAP | 8965 (.0301) = .9249 (.0240) = .9212 (.0239) | .8043 (.0194) | .8003 (.0154) | .8694 (.0226)

EAP | 9050 (.0262) = .9300 (.0210) = .9281 (.0206) : .8075 (.0185) : .8020 (.0158) | .8745 (.0204)

4 MLE 9450 (.0193) = .9585 (.0145) = .9581 (.0166) | .8318 (.0121) | .8295 (.0151) | .9046 (.0155)

MAP | 9458 (.0189)
EAP 9481 (.0179)

9592 (.0143)
.9605 (.0139)

.9590 (.0162)
9610 (.0156)

.8321 (.0118)
.8331 (.0124)

.8293 (.0152)
.8300 (.0151)

9051 (.0153)
.9065 (.0150)
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[Table 5] Percent of Exact Agreement Between MLE/MAP/EAP and True Skill Patterns, by Individual Skills and Total

N*K Skills for K=7

( )standard deviation

Test
Meth
leng 0‘;‘ Al A2 A3

A4 AS A6 A7

Total
N*K

MLE | .6104 (0162)
15 MAP | 6500 (0211)
EAP | 6564 (.0189)

.8357 (.0482)
.8377 (.0492)
.8495 (.0433)

.6660 (.0223)
7095 (.0269)
.7163 (.0260)

7439 (.0297)
7443 (.0299)
7543 (.0287)

16526 (.0184)
6562 (.0197)
.6662 (.0179)

6547 (.0189)
6548 (.0184)
.6610 (.0185)

8135 (.0499)
.8182 (.0498)
.8346 (.0455)

7110 (.0291)
7244 (.0307)
.7340 (.0284)

MLE | .6349 (.0184)
H 30 MAP  .6898 (0163)
EAP | .6987 (0175)

9032 (.0291)
9042 (.0285)
9124 (.0246)

6916 (.0178)
7520 (.0209)
7642 (.0184)

8039 (.0228)
8046 (.0224)
8159 (.0205)

6941 (.0183)
6975 (0166)
7105 (.0175)

6957 (.0178)
.6972 (.0181)
7013 (.0174)

8904 (.0364)
8919 (.0366)
9007 (.0301)

7591 (.0229)
7767 (0228)
7863 (.0209)

MLE | .6465 (.0158)
MAP | 7242 (.0155)
EAP | 7266 (.0159)

.9464 (.0185)
.9466 (.0186)
.9503 (.0171)

7143 (0164)
7918 (0164)
7947 (0165)

45

8496 (.0178)
8495 (.0178)
8540 (.0176)

7231 (0158)
7263 (0172)
7363 (.0163)

7275 (0142)
7277 (0138)
7307 (.0143)

9336 (.0236)
9343 (.0233)
9389 (.0222)

7916 (.0174)
8143 (0175)
8188 (.0171)

MLE | .6221 (.0206)
15 MAP | 5799 (0160)
EAP | .6286 (.0207)

8252 (.0550)
8275 (.0546)
8431 (.0481)

6774 (0291)
6326 (.0226)
6863 (.0297)

7190 (.0330)
7212 (.0320)
7341 (.0308)

6273 (.0209)
6308 (.0205)
.6380 (.0185)

.6243 (.0203)
6267 (.0195)
.6302 (.0210)

8156 (.0585)
8188 (.0584)
8342 (.0531)

7015 (.0339)
6911 (.0319)
7135 (0317)

MLE | .6609 (.0177)
M 30 MAP : .6058 (0169)
EAP | .6708 (.0180)

.8973 (.0297)
.8980 (.0292)
.9069 (.0250)

7290 (.0266)
6647 (.0205)
7422 (.0216)

7828 (.0276)
7841 (.0268)
7958 (.0251)

.6653 (.0152)
6692 (.0162)
.6783 (.0155)

6675 (.0161)
.6683 (.0158)
6722 (.0156)

.8676 (.0404)
.8697 (.0393)
.8818 (.0346)

7529 (.0248)
7371 (0235)
7640 (0222)

MLE | .6921 (.0159)
MAP | 6139 (0172)
EAP | .6947 (.0160)

9427 (0173)
9429 (.0173)
9472 (.0159)

7665 (0177)
6823 (.0156)
7712 (0170)

45

8262 (.0150)
8264 (.0148)
8310 (.0152)

6899 (.0166)
6964 (.0158)
7033 (.0156)

6938 (.0157)
.6938 (.0158)
.6949 (.0154)

9248 (.0262)
9254 (.0261)
9303 (.0244)

7908 (.0178)
7687 (0175)
7961 (0171)

MLE | .6182 (.0207)
15 MAP | 6219 (0202)
EAP | .6295 (.0199)

8203 (.0563)
8270 (.0538)
8394 (.0491)

6725 (.0301)
6756 (.0292)
6885 (.0279)

7070 (.0283)
7143 (0267)
7309 (.0270)

6330 (.0218)
6372 (.0208)
6427 (.0198)

.6279 (.0231)
.6308 (.0221)
.6371 (.0206)

8094 (.0592)
8196 (.0565)
8325 (.0517)

16983 (.0342)
7038 (.0328)
7144 (.0309)

MLE | 6571 (.0204)
30 MAP | 6661 (0175)
EAP | 6765 (.0167)

8873 (.0325)
8897 (.0328)
9020 (.0270)

7162 (.0243)
7251 (.0214)
.7390 (.0185)

7638 (.0234)
7710 (.0216)
7893 (.0198)

6713 (0177)
6772 (0169)
6822 (0157)

6677 (.0179)
6737 (.0154)
6796 (.0149)

8723 (0414)
8769 (.0392)
8879 (.0327)

7480 (.0254)
7542 (.0236)
7652 (.0208)

MLE  .6909 (.0119)
MAP | 6927 (0117)
EAP | 6979 (.0108)

.9370 (.0196)
.9381 (.0191)
.9427 (.0178)

7611 (0142)
7634 (0142)
7698 (.0128)

45

.8133 (.0144)
.8152 (.0142)
.8227 (.0136)

.6982 (.0108)
6992 (.0105)
7011 (.0105)

6975 (.0103)
.6987 (.0104)
7013 (.0099)

9307 (.0242)
9323 (.0237)
9363 (.0224)

7898 (0151)
7914 (0148)
7960 (.0140)
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