Analysis for Polytomous Data Based
on lItem Response Theory

Susumu FUJIMORI

Generadly, item response modds, including the two-parameter logistic model, can only deal with
binary data, such as correct or incorrect responses not polytomous data In item response theory,
polytomous statistics are obtained using special models such as Samegimas graded response model.
However, since these models are complex, it is not easy to estimate their parameters. In contrast,
Fujimori's partial test score model makes estimating and interpreting parameters easy, because this
model is a natural expansion of the two-parameter logistic model. In the present study, the partial
test score model having these features is compared to the graded response model, which is used
widely as an analyss model for polytomous data The comparison was performed through
smulations and analysis of real data The partial test score model yielded good results in terms of
AIC Akaikes information criterion , as well as model reproducibility. It dso showed good results
in terms of estimation of parameters. That is, in the case of the graded response model, bias was
observed in estimators when the number of items was small, whereas no such biases were observed
for the partid test score model, which is indicative of the advantage of using the proposed modd.
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Tablel

0.0014

GS PS GS PS
1 0.916 0.924 0.972 0.980
2 0.895 0.901 0.960 0.969
3 0.912 0.920 0.962 0.975
4 0.906 0.914 0.958 0.968
5 0.907 0.912 0.958 0.964
6 0.907 0.909 0.959 0.969
7 0.903 0.908 0.961 0.970
8 0.904 0.911 0.964 0.976
9 0.906 0.912 0.960 0.969
10 0.918 0.924 0.970 0.983
GS:
Table2
GS PS GS PS
1 0.911 0.917 0.972 0.980
2 0.912 0.912 0.961 0.968
3 0.918 0.924 0.967 0.977
4 0.906 0.910 0.965 0.971
5 0.906 0.909 0.962 0.967
6 0.914 0.920 0.962 0.971
7 0.907 0.910 0.962 0.972
8 0.914 0.919 0.965 0.976
9 0.909 0.914 0.960 0.968
10 0.921 0.926 0.972 0.984
1
0. AIC 46245.34
22142.46 AIC
Akaike
®
AIC
AIC
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Table3
GS PS GS PS
1 0.844 0.845 0.917 0.949
2 0.837 0.834 0.925 0.945
3 0.839 0.829 0.904 0.934
4 0.856 0.847 0.911 0.941
5 0.823 0.825 0.904 0.946
6 0.832 0.832 0.907 0.946
7 0.847 0.845 0.930 0.956
8 0.841 0.837 0.913 0.949
9 0.832 0.831 0.914 0.953
10 0.840 0.840 0.923 0.947
Tabled
GS PS GS PS
1 0.835 0.838 0.905 0.949
2 0.838 0.838 0.925 0.949
3 0.831 0.827 0.900 0.934
4 0.849 0.844 0.909 0.941
5 0.818 0.819 0.898 0.941
6 0.835 0.832 0.910 0.948
7 0.848 0.841 0.929 0.956
8 0.830 0.825 0.914 0.952
9 0.830 0.826 0.912 0.952
10 0.846 0.841 0.927 0.947
Table5 1
1 2 3 4
8 0906 -0.271 -0.083 0.386 0.393
0.125 -0.382 0.667 3.000 3.000
15 1311 0.122 0.301 0.358 0.383
0.324 0.880 1.376 1.752 1.766
k k-1
k
0
1
MSE
0.2993 0.0636
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Table6
1
2
3
4
5
6
7
8
9
Table7
1 0.609 -0.608 1.047 -2.109 -0.686 0.865 0.856 -0.763
2 0.700 -0.560 1.016 -1.881 -0.656 0.716 0.751 -0.807
3 0.328 -0.374 0.561 -2.654 -0.3%4 1.908 0.416 -0.461
4 0.822 0.181 2.000 -0.991 0.204 1.363 1.486 0.332
5 1.052 0.086 2.000 -0.933 0.098 1.190 1.745 0.186
6 0.738 -0.211 1.879 -1.513 -0.195 1.034 1.386 -0.191
7 0.575 0.410 0.887 -1.064 0.395 1.964 0.671 0.594
8 1.149 -0.190 2.000 -1.230 -0.221 0.802 1641 -0.208
9 1.037 0.032 1.985 -0.971 0.059 1.009 1.353 0.156
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Table Table
MSE 0.2647 Tablel0
Table
Table8 1
40 10 MULTILOG
1 0.529 0.528 0.580 0.700
2 0.550 0.559 0579 0.310
3 0.768 0.877 1.079 1.200
5 0.559 0.543 0.590 0.730
MSE 0.2558 6 0.334 0.358 0.396 0570
7 1122 1.389 2.000 2120
8 0.906 0.125 0.112 0.720
9 0.727 0.928 1.707 1.480
Table 8 7 10 0575 0.521 0.562 0.700
MULT
ILOG Table9 1
MULTILOG 1 0.836 0.230 0.894 0.239 0.843 0.204
2 0.956 -0.756 1.009 -0.751 0.962 -0.711
3 0.696 -0.182 0.779 -0.170 0.766 -0.177
4 0.864 0.173 0.990 0.165 0.909 0.133
5 0.872 -0.338 0.950 -0.342 0.905 -0.338
6 0.769 -0.377 0.921 -0.392 0.885 -0.384
7 0.894 -0.314 1.035 -0.324 0.965 -0.324
MSE 8 0.879 -0.026 0.978 -0.078 0918 -0.095
9 0.385 -0.140 0.399 -0.113 0.418 -0.120
10 0.639 0.167 0.717 0.151 0.697 0.123
Tablel0
110 Multilog
1 0.584 -0.611 1.390 -2.520 -0.800 1.100
2 0.643 -0.588 1.330 -2.280 -0.770 0.930
MSE 3 0.334 -0.372 0.790 -3.130 -0.440 2.280
0.0094 4 0.733 0.215 2.440 -1.190 0.310 1.680
5 0.885 0.120 2.780 -1.060 0.170 1.430
0.0007 6 0.672 -0.214 2290 -1.830 -0.200 1.320
7 0.558 0.426 1.240 -1.230 0510 2.310
0.0032 8 0.932 -0.195 2.770 -1.410 -0.230 0.990
0.0014 9 0.867 0.059 2.290 -1.190 0.130 1.310

—29__



24 2002

Table
Figure
Figure
0 0
0.9104
0.9424
1588

P8} Andrich,D. 1978 A rating formulation for ordered
R S T response categories. Psychometrika,43,561-573.
o8 \"\ / Birnbaum,A. 1968 Some latent trait models and their
06 N ) //*\\(/ use in inferring an examinee's ability. In F.M.Lord
o PANANYAN & M.RNovick Eds , Satistical theories of
02 /,// /_/,/"j‘;\:‘:/\‘)’\’\\\\\ \\\ mental test scores pp.395-479 . Reading,
%04 2 0 2 ie MA:Addison-Wesley.

Figure2 1 Bond, T.G. & Fox,C.M. 2001 Applying the Rasch

model: Fundamental measurement in the Human

P8 sciencies.  Mahwah, NJ:Lawrence Erlbaum
14 e Associates.
08 T o 1997
05 ) //'/ _
04 /// 7 1994 —
o2 e 104 105-122.
by — -2 5 2 16 2001

Figure3 1 43



,394.
2002a

2002b 1

Masters,G.N. 1982 A Rasch model for partial credit
scoring. Psychometrika, 47,149-174.
1999

Samejima,F. 1969 Estimation of latent ability using
a response pattern of graded scores. Psychometric
Monograph, No.17.

Thissen, D 1991 Multilog user's guide.
Chicago,|L:Scientific Software.

— 31—



