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Abstract

This study aims to explore whether the response time is an important factor for
estimating the abilities of examinees. After giving a scoring rule, which incorporates
both item response and response time, we build a new model and can then estimate
the ability of any examinee and the difficulty of any item by using the method of
maximum likelihood estimation. Through the real data, we compare examinees’
abilities based on the IRT and those based on our new speed-accuracy response model
(NSARM). Finally, we explore whether this new model can further distinguish the

abilities of two examinees when their response patterns are the same.

Through the simulations, we find that, on ability estimate, our NSARM shows
more accurate than IRT model among those examinees with high ability. In addition,

it is even more accurate when the number of examinees increases.
After analyzing our real data, we further summarize the following three results:

1. When an item is responded incorrectly, the score based on our new model is posi-
tively correlated with the response time.

Among the randomly selected items, no mater they are simple, medium or difficult,

we found that the estimated abilities of the examinees who incorrectly answered the

items, are positively correlated with their response times. Therefore, an examinee

taking shorter response time should be given a lower score (i.e., deduct more

additional score), and an examinee taking longer response time should be given a

higher score (i.e., deduct less additional score).

2. The gamma distribution is more appropriate for modeling the response time.

Using the goodness of fit test, we found that the exponential distribution, which is
used by many authors, is not appropriate to model the response time of some items in
our data set. However, we further found that the gamma distribution, which is a

generalization of the exponential distribution, is appropriate.

3. Our new model can further distinguish the abilities of examinees.
Neither classical test theory nor item response theory can distinguish the abilities of
examinees when their response patterns are the same.

Keywords: IRT, response time, scoring rule
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3 1.197 27 0.786 25 103 0438 &9 0.342 89
4 0.832 56 0.814 57 104  -0.019 126 -0.249 126
5 0.856 55 0.886 54 105 1.005 41 0.942 41
6 0.190 106 0.069 106 106 0.514 86 0.776 86
7 1.003 43 0.753 43 107 1.259 18 1.094 18
8 0.345 96 0.408 96 108  -0.817 186 -0.970 186
9 0.854 54 0.928 55 109 0.995 49 1.221 47
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11 1.000 44 0.834 44 111 -0.339 156 -0.355 155
12 -0.197 144 -0.307 144 112 -0.352 151 -0.535 156
13 0.141 112 -0.132 111 113 -0.583 171 -0.203 170
14 0.011 121 0.163 121 114 1.198 24 1.405 24
15 1.031 39 1.070 39 115 -0.245 155 -0.252 151
16 1.234 21 0.860 21 116  -0.423 161 -0.289 161
17 -1.237 198 -1.219 198 117 1.237 19 1.206 19
18 1.049 37 0.844 36 118 0.984 49 1.076 49
19 0.094 115 0.214 115 119 1.402 9 1.621 9

20 -0.839 188 -0.962 188 120 -0.011 125 0.313 125
21 -0.746 180 -0.792 179 121 -0.073 130 -0.215 130
22 0.543 81 0918 81 122 -0.217 147 -0.423 147
23 1.423 4 1.199 4 123 0.689 69 0.786 69
24 0.128 110 -0.028 112 124 1411 7 1.410 7

25 1.411 6 1.181 6 125 1.385 13 1.436 13
26 1.403 8 1.524 8 126 -0.590 174 -0.629 171
27 -0.008 124 0.669 124 127 0.535 82 0.637 82
28 -0.710 176 -0.634 176 128  -0.636 171 -0.626 174
29 0.051 118 -0.058 118 129  -0.723 178 -0.465 177
30 -0.320 153 -0.253 153 130  -0.182 142 -0.347 142
31 1.400 10 1.371 10 131  -0.533 164 -0.170 164
32 -0.223 141 -0.134 149 132 0.157 111 -0.009 110
33 -0.181 149 0.286 141 133 -0.732 177 -0.650 178
34 -0.561 168 -0.548 168 134 0.172 109 0.089 109
35 -1.021 194 -1.177 194 135 1.016 40 0.865 40
36 1.051 35 1.319 35 136 0.697 68 0.525 68
37 1.169 27 0.856 27 137  -0.787 183 -0.571 183
38 0.806 59 0495 59 138 -0.025 127 -0.218 127
39 -0.978 190 -1.000 190 139 0978 50 0.720 50
40 -0.312 152 -0.672 152 140 -0.984 192 -0.871 192
41 0.178 108 0.159 108 141 0.736 63 0.814 63
42 0.719 65 0951 65 142 0.408 91 0.872 91
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43 1.234 20 1.363 20 143 -0.379 160 -0.586 158
44 0.238 102 -0.193 102 144  -0.594 172 -0.588 172
45 0.852 56 0.642 56 145 -1.272 199 -1.279 199
46 1.092 31 1.334 31 146  -0.945 189 -1.134 189
47 0991 48 1.246 48 147 1421 5 1.550 5

48 0.303 99 0.840 98 148 0.501 87 0.502 87
49 0.546 79 0911 79 149 0.498 88 0.225 88
50 0.269 98 -0.090 99 150  -0.210 146 0.382 146
51 0.112 114 -0.010 114 151 0399 93 0331 93
52 0.409 90 0.216 90 152 0.219 103 0.280 103
53 0.706 67 0.678 67 153 -0.430 161 -0.363 162
54 1.168 28 1.196 29 154 1.276 15 1.338 16
55 -1.408 200 -1.310 200 155 0.533 83 0.683 83
56 1.210 24 1.547 23 156 1.265 17 1.045 17
57 0.545 79 0471 80 157 1.122 30 1.112 30
58 1.005 42 1.257 42 158 -1.184 197 -1.359 197
59 1.391 10 1.253 11 159 0.808 58 0.667 58
60 1.038 38 1.105 38 160 0.195 105 0.101 105
61 0.707 67 1.262 66 161 0.682 71 0.691 71
62 -0.375 157 -0.487 157 162  -0.140 135 -0.222 135
63 0.587 77 0.330 77 163 0.012° 120 -0.005 120
64 -1.038 196 -1.130 196 164 0.077 117 0.009 117
65 -0.066 129 -0.299 129 165 -0.120 132 -0.159 132
66 -0.786 182 -1.012 182 166 1.059 34 0.838 33
67 0.244 100 0.171 102 167  -0.535 165 -0.294 165
68 0.402 92 0.689 92 168  -0.323 154 -0.279 154
69 0.684 70 0.821 70 169  -0.829 187 -0.874 187
70 -0.005 123 0318 123 170 0.862 33 0971 353
71 1.191 26 1.144 26 171 1.075 32 1.143 32
72 0976 51 1.069 51 172 1.213 22 1.107 22
73 -0.512 163 -0.291 163 173  -0.405 162 -0.287 160
74 0.521 &4 0.616 85 174 0.600 73 0.567 75
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75 -0.171 137 -0.221 138 175 0.647 78 0.358 73

76 -0.388 160 -0.666 159 176 0.996 46 1.254 46
77 0.785 61 0.540 61 177 0.564 75 0.574 78
78 1.169 28 1.533 27 178 1.281 15 1.140 15
79 -0.772 181 -0.768 182 179  -0.092 137 0.071 131
80 0.241 101 0.241 102 180  -0.142 131 -0.057 137
81 0399 94 0.055 94 181 0322 97 0.538 97
82 -0.125 133 -0.100 134 182 0.044 116 -0.072 119
83 -1.018 191 -1.148 193 183  -0.560 167 -0.442 167
84 -0.980 193 -0.739 191 184 0.087 119 0.071 116
85 1432 2 1.659 2 185 0.181 107 0.385 107
86 0.522 84 0.746 84 186 0.126 113 0.188 113
87 1.316 14 1.189 14 187  -0.191 148 -0.157 143
88 0.679 72 0.969 72 188 0392 95 0.514 95
89 0.740 62 0.965 62 189  -0.574 169 -0.658 169
90 -0.124 134 0.061 133 190  -0.788 184 -0.881 184
91 -0.242 150 -0.453 150 191  -0.218 140 0.047 148
92 -0.199 145 0.154 145 192  -0.174 139 -0.367 139
93 0.727 64 0.794 64 193 0.786 59 0.679 60
94 1.442 1 1.051 1 194  -0.141 136 0.115 136
95 0.010 122 0.195 122 195 -0.595 172 -0.001 173
96 1.390 12 1.498 12 196  -0.766 181 -0.463 180
97 0.588 77 0.587 76 197  -0.547 167 -0.877 166
98 0.998 46 0.905 45 198 -0.178 143 -0.126 140
99 -1.025 196 -0.812 195 199 1.427 4 1.342 3

100 0.642 75 0.484 74 200  -0.035 128 0.079 128
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