


































































































the probability of eliciting a correct response is higher or lower than predicted from the
estimated ability level, that is the score level, of either the boys or the girls. Essentially

the procedure consists of two stages: (1) identifying Rasch-homogeneous subscales, and
(2) evaluating the differences in response probabilities between boys and girls in homo-

geneous ability groups.

In order not to let item bias interfere with searching for Rasch-homogeneous
subscales, only the data of one of the two groups is used at first. In the present case
the choice of a group is completely arbitrary, and the girls were chosen. In other
instances one may start with a so-called reference group, and examine the responses
of the so-called focal group in the second stage of the procedure.

Starting with the complete examination, item parameters were estimated and the R1
statistic was computed. Next, items with the largest fit indices were removed and the
process was repeated until the R1 statistic was no longer significant. In the same
manner the next Rasch scale was identified by repeating the process using the removed
items. Three subscales of 21, 14 and 12 items, respectively, were identified, three items
could not be categorized. In Table 1 the evaluation of model fit for the largest subscale

is summarized.

The total sample of female examinees was divided into six score groups of approximately
the same number of respondents. In the rows of Table 1 the scaled deviates of the
items are given. If no parameters had to be estimated these would be standard normal
deviates. Squaring and summing scaled deviates over subgroups results in an index of
item fit. Again if no parameters had to be estimated, the index would be chi-square
distributed with six degrees of freedom. Of course, the assumption does not hold, but
the fit indices serve their purpose in identifying the relative contribution of items to the
R1 statistic. The value of the R1 statistic is given at the bottom of the table, together
with its degrees of freedom and its probability.



Next, the fit of the subscale was evaluated using the boys' data. The results are
given in Table 2. Inspecting the value of the R1 statistic at the bottom of the table
reveals that the items fit a Rasch-scale, yet the fit is less perfect than with the girls.
Especially item 12 seems to fit poorly, since it has a fit index of 19.1828 while the 5%
critical value of a chi-square variable with six degrees of freedom is 12.6. This item may
be subject to bias, but nothing conclusive can be said, since both groups are not yet on
one scale. So next the item parameters were estimated using both boys and girls. The
results of the evaluation of model fit are shown in Table 3. It can be seen that the

mode! does

not fit for boys and girls together. Candidates for bias are item 21, which has a fit index
of 12.3204 for girls and 13.9846 for boys, and item 50, with fit indices of 11.9820 and 23.1616
for girls and boys, respectively. Inspection of the scaled deviates of item 21 shows that
they are positive for girls and negative for boys. Since the scaled deviates are based

on the difference of observed and expected frequencies, it can be concluded that the
item favours the girls. In can be verified that this also holds for item 50. Item 12 is a
different matter. It fits well for girls, but it does not fit for the boys. Inspection of the
scaled deviates shows that the item discriminates too little for the second group. Using
the terminology of Mellenbergh (1982,1983) items 21 and 50 show uniform bias, while item
12 is non-uniformly biased. However, the presence of biased items may still detract from
the value of the sum score as a sufficient statistic for ability. Therefore in the next
analysis the items 21 and 50 were considered to be different for boys and girls. For
practical purposes, for the boys item 21 was labeled 121 and item 50 was labeled 150. In
the parameter estimation item 21 and 121 and item 50 and 150 were treated as different

items. In Table 4 the resulting
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evaluation of model fit is shown. It can be seen that the items 21, 121, 50 and 150 show
a good fit. Further, the R1 statistic drops from 299.1520 in the previous analysis to
250.9180, which is considerable given a drop of two degrees of freedom. However, global
model fit is still not perfect. To investigate whether this could be contributed to item 12,
several analyses were run. Splitting item 12 into different items for boys and girls
resulted in an R1 value of 245.3231 with 217 degrees of freedom, which still is poor.
Removing the item from the boys' subscale did help (R‘ = 243.159, df =212), but good fit -
was only achieved when the item was completely removed (R1 =240.734, df =207).
Summing up, evidence has been produced that items 21 and 50 are uniformly biased in
favour of the girls, while item 12 is non-uniformly biased and discriminates too little for
the boys. The second example concerns an examination in language comprehension of
Dutch, which consisted of 20 polytomous items with 4 to 6 score points each. The
procedure for detecting item bias is exactly the same as for dichotomous items, that is,
first a number of Rasch- homogeneous subscales are identified using a procedure based
on the R1—statistic. then the differences in response probabilities between the two
groups are evaluated for matched ability levels. Therefore the procedure will not be
reiterated in detail, only the effects of the higher level of complexity of the data
structure will be illustrated by showing some tables of counts on which the procedure
is based. In Table 5 observed and expected frequencies for four items with four
response categories are shown for the group of girls with scores from one to four.
Notice that every item yields a distinct scaled deviate for every response category.
The results of this score group and other score groups are summarized in Table 6.
Again, for every item/category combination an index of fit is computed by squaring and
summing the scaled deviates over subgroups. An index of item fit can be computed by
summing the item/category indices over categories. At the bottom of the table it can
be seen that the items make up a Rasch-scale. The scale was found by a process of
elimination similar as the one described for dichotomous items. Introducing the boys
resulted in R1=237.683 with 177 degrees of freedom, so the scale did not fit both groups
together. Splitting one of the items resulted in a significant improvement ( R1 = 173.149
with 161 degrees of freedom).

The point to be made from inspection of the tables is that interpreting item bias

becomes rather complicated for polytomous items. The response categories of the
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items are associated with different numbers of score points to be acquired. If an item
favours one of the two groups, for this group some higher indexed categories will attract
more responses that expected, while some lower indexed categories, but not necessarily
the zero category, will attract fewer responses than expected. Especially if the number
of response categories is large, detecting which group is favoured by the item may be
complicated. So while searching for Rasch-homogeneous subscales can be carried out in
much the same mechanical manner as for dichotomous items and biased items can be
pinpointed in a statistically sound fashion, the interpretation of the results may, in most

instances, be a tedious job.
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TABLE 1: EVALUATION OF MODEL FIT FOR THE GIRLS

OVERVIEW OF ITEM FIT

Item Group-1 Group-2 Group-3 Group-4 Group-5 Group-6 Item Fit

1 9539 -.4894 -.5201 . 5075 -.7086 -.2740 2.2546
2 .4536 -1.1639 .5201 -.2266 = 398 1.0431 3.0997
12 2.4841 -.6653 .8950 .0609 ~ 6228 = ,8711 8.7490
15 .0093  -1.6490 -.3877 -.4332 1.7119 1.1783 7.2063
16 -1.7211 .0470 .6594 .7867 1.1162 .5821 5.6029
17 1.8075 -1.0339 -1.0674 .6589 .1703 -.6168 6.3188
19 .4132 «, 7691 .5828 .0394 3213 -.5801 1.5433
20 .2086 1.1698 -1.1354 -, 0129 -.7168 .5668 3,5363
21 -.5188 .1046 -.4980 .5179 -.1273 1.2831 2.4588
22 -.5436 -1.2984 .3382 .4549 . 9581 .7790 3.8274
23 -1.6872 .6186 1.1860 .5612 -.2028 -.3745 09,1322
24 .2516 .8687 .0289  -2,8093 .6866 .7670 9.7708
25 ~ 3618 -.0812 1.3287 -.6914 -.9440 .7985 3.9098
31 -.7423 1.2181 ~ 95695 -.2051 0913 .1544 2.4276
33 -.8157 1.2858 -.0234 -.0003 ~.2389 -.4710 2.5982
35 .6263 .6051 -.1067 -.8476 - 3516 =, 3153 1.7113
38 = 3653 1.1492 o123 .9173 -1.3554 =, 6291 4.6260
44 1139 ~sd 721 1.0760 - 2791 1.6335 -1.6881 7.6204
45 -.6578 -.2516 -.8836 1.5314 .9845 .1138 4.6043
46 .9270 -.1541 -1.1481 .4572 -.3744 .4308 2.7358
S0 - 1925 =, 1120 .6091 .5568 -.0843 -.8846 1.,5202

OUTCOME OF THE R1-TEST: 86.6060
DF: 100
PROB(R1): .8278




TABLE 2: EVALUATION OF MODEL FIT FOR THE BOYS

OVERVIEW OF ITEM FIT

Item Group-1 Group-2 Group-3 Group-4 Group-5 Group-6 Item Fit

1 L9311 1.1718  -1.0582 -.6757  -1.4345 -.4748 6.0999

2 1.2253 = 2163 -.6966 .5540  -1.5503 -.6434 5.1577
12 3.3095 1.5571 -.4026 -.1881 -1.1810 -2.0527 19.1828
15 -.1473 -.0531 -.0994 -, 5097 .7785 5112 1.1616
16 -1.6850 -.0819 .6855 1.1445 «6832 1.1711 6.4638
17 -.2890 > o729 .6726 -.7774 .4646 <5265 1.7724
19 -.3042 -.3734 - 8122 .9707 -.1183 . 9669 2,2205
20 -.1854 1.0966 .5024  -1.3662 «odil  =1,18635 4,9776
21 -.4848 .0531 -.4130 .8175 .0751 1.0185 2,1197
22 -1.4908 -.9060 .7035 .5459 1.4769 A 302 6.5579
23 -.4798  -1.4734 -.0343 .6455 2.6518 .0430 9.8528
24 1.8194 .0015 .8486 - 6829 -1.9582 -.1241 8.3468
25 ~ A T8 .1847 -.7220 1.6328 1192 1.1711 5.1369
31 -.0640 -1.0764 .0130 .4010 .8520 .9589 2.9690
33 «1..2530 -.5896 1.0272 1.4216 -.0815 =,3189 5.0145
35 .0019 -.2783 ~ ;2291 -.2349 .6912 1.4809 3.0832
38 .9405 .8079  -1.0827 « P22 «.6131 ~ . 5897 3.9259
44 - 9390 .0741 1.3067 -1.4776 1.3753 -.4002 6.8298
45 «1 37215 . 5779 .7500 * ol 306 <. 2765 1.0438 3.9819
46 w2711 17 -.2117  -1.3302 -.4100 1.3701 4.2933
50 1.8432 -.0435 -1.3524 9167 -.6828 -1.4142 79617

OUTCOME OF THE R1-TEST: 111.,1115
DF: 100
PROB(R1): .2104




TABLE 3: EVALUATION OF MODEL FIT FOR THE GIRLS AND BOYS TOGETHER

OVERVIEW OF ITEM FIT FOR GIRLS ( CONTRIBUTION TO R1: 130.074 )

Item Group-l Group-2 Group-3 Group-4 Group-5 Group-6 Item Fit

1 1.7244 .3207 <1783 9576 -.1286 .1874 4.0752

2 8133 -.7182 7774 .0316 -.0930 1.1501 3.1141
12 2.1308 -.9490 .6203 -.1644 -.8566  -1.1895 8.0014
15 -1.2440 -2.9167 -1.4367 -.9622 1.0290 .5885  14.4497
16 -1.2700 .4569 . 9806 1.0300 1.3350 .7978 6.2628
17 1.2749 -1.4665 -1.4028 .4417 -.0326 -.7850 6.5562
19 -.3156  -1.45%8 .0209 -.4118 -.1045 -.9599 3.3330
20 -.3079 .5784 -1.6701 -.4891 -1.2380 .0809 4,9970
21 1.3815 1.7066 .9310 1.4762 .9266 1.8960 12.3204
22 -.3143 -.9100 .7080 .7756 1.2837 1.0846 4,8541
23 =1.3103 1.1072 1.6308 .9524 w2369 .0413 6.5671
24 .4815 1.3067 <0285 -2.2975 1.2638 1.3755 10.9859
25 -1.5182 -.9875 .7269  -1.2925 -1.5366 .4485 8.0415
31 -1.1738 .9086 -.8103 “.3729 -.0887 .0590 3.0104
33 -1.4433 .8154 -.4086 -.2876 -.5082 -.6887 3.7303
35 .2778 «3773 -~ 2622 -+ 90539 -.4288 -.3557 1.5086
38 -1.0188 .3880 =, 3912 .3180  -2.0240  -1.2460 7.0918
44 .7009 -.1445 1.4858 “, 1377 1.8853 -1.1954 7.7218
45 -.3103 .1705 -.4704 1,7818 1.2614 <3999 5.2724
46 1.0910 .1695 -.7843 .7681 -.0107 .7615 3.0041
50 1.6891 1.5451 1.8556 1.5211 .9745 .1878  11.9820

OVERVIEW OF ITEM FIT FOR BOYS ( CONTRIBUTION TO R1: 169.078 )

Item Group-1 Group-2 Group-3 Group-4 Group-5 Group-6 Item Fit

1 .1429 .4578 -1.9754 -1.2312 -2.0260 -.8142 10.4154
2 .8910 -.6139 -1.1262 .3809  -1.8827 -,8319 6.8206
12 3.6536 1.8760 =.0693 0365 -.9999 -1.,8763 21.3167
15 1.2141 1.2560 1.1722 .2649 1.3425 .8752 7.0639
16 -2.1641 -. 95236 .2778 .9465 .4875 1.0918 7.3602
17 .2304 .0789 1.0501 -.5472 .6255 .6193 2.2364
19 .4329 3637 .4137 1.3528 .2438 1.1572 3.7193
20 .3286 1.7228 1.2150 -.8687 .9642 = 8032 6.8816
21 -2.2642 -1.6819 -2.2264 =.0793 -.8335 .6093  13.9846
22 -1.7728 ~1.310% .2373 .2375 1.2247 .5497 6.7750
23 -.8958 -~2.0297 -.6485 .2720 2.4106 -.2140 11.2735
24 1.5139 -.4505 1777 -1.2308  -2.5866 -.5827 11.0716
25 .4883 1.1351 .2262 1.9511 .5202 1.3125 7.3780
31 3383 =« 7239 .3048 .5454 9579 1.0146 2.9757
33 -.6315 -.0432 1.4764 1.6382 =1391 .0211 5.2838
35 .3123 -.0311 -.3319 -.1432 .749S8 1.5039 3.0533
38 1.6746 1.6249 =,1583 1.2835 -.0403 *,1853 7 .4531
44 -1.5946 -+ 9355 7876 <1,8713 1.1673 - 8572 9.1303
45 -1.7687 .1566 .3040 -.5043 -.5634 9167 4,6574
46 .3514 -.0138 -.6677  -1.6840 -.7343 1.1973 5.3781
50 2313 -1.8116 =3.,33897 -.4491 -1.7507 -2.3252 23.1616

OUTCOME OF THE R1-TEST: 299.1520
DF: 220
PROB(R1): .0003




TABLE 4: EVALUATION OF MODEL FIT FOR THE GIRLS AND BOYS TOGETHER

OVERVIEW OF ITEM FIT FOR GIRLS ( CONTRIBUTION TO R1: 108.259 )

Item Group-1 Group-2 Group-3 Group-4 Group-5 Group-6 Item Fit

1 1.8640 .4024 .2268 . 9867 -.0987 .2055 4.7137

2 .9140 -.6567 .8047 .0536 -.0747 1.1559 3.2585
12 2.3124 -.8057 .7565 -.0540 -.7431 -1.0827 8.2961
15 -1.0273  -2.7513  -1.3225 -.8836 1.0842 6272  12.7232
16 -1.0947 .5389 1.0284 1.0593 1.3562 .8132 6.1691
17 1.4874  -1.3134  -1.2937 .5076 .0245 -.7424 6.4206
19 -.1007 -1,2921 .1403 -.3254 -.0320 -.9052 2.6256
20 -.1369 .7462  -1.5334 -.3781 -1.1287 .1670 4.3715
21 -.5665 .1081 -.4818 5338 -.1036 1.2999 25502
22 -.0976 -.7524 .8125 .8462 1.3395 1.1223 5.0058
23 -1.0935 1.2486 1.7237 1.0173 .2944 .0810 6.8540
24 .6721 1.4807 .6687  -2,1862 1.3617 1.4483 11.8228
25 -1.3243 -.8765 .7879  -1,2387 -1.4910 .4700 7.1211
31 -.9574 1.0581 -.6969 -.2954 =, 0250 .1020 2.6202
33 -1.2268 9526 =, 3078 -.2188 -.4497 -.6477 3:1768
99 .4950 .5304 -.1508 -.8722 -.3624 -.3100 1.5373
38 -.8390 . 5599 - ;2218 4241 -1,9193 -1.1662 6.3045
44 .8582 =, 0339 1.5312 -.0984 1.9041 =1.1690 8.0857
45 =~.4116 . 2869 -.3882 1.8220 1.2965 .4264 5.4280
46 1.3101 «3331 - .6607 .8493 .0613 .8084 3.6426
50 - 2397 -.1084 .6228 .5727 -.0606 -.8527 1.5158

OVERVIEW OF ITEM FIT FOR BOYS ( CONTRIBUTION TO R1: 142.659 )

Item Group-1 Group-2 Group-3 Group-4 Group-5 Group-6 Item Fit

1 -.0065 3647  -2,0668 -1.2743 -2.0648 -.8325 10.9853
2 .79%4 -.6869 -1.18%51 .3629  -1.9126 -.845% 7.0205
12 3.4685 1.7074 -.2384 -.0726  -1,0633 -1.9552 19.9615
12 1.0119 1.0971 1.0471 «2025 1.3028 .8534 5.7906
16 -2.3426 - 6297 2073 .9207 4663 1.0850 8.1696
17 .0290 -.0806 .9314 -.6115 .5844 .5979 1.9478
19 w2295 .1871 .2662 1.2865 .1885 1.1318 31300
20 .1631 1.5419 1.0371 - 59 .8776 -.8630 5.9470
121 -.4476 .0555 -.4294 .8026 .0560 1.0075 2.0500
22 -1.9776  -1.4857 .1026 .1730 1.1828 .5252 7.8333
23 -1.1002  -2.2048 -.7826 2117 2.3796 -.2411  12.4493
24 13273 -.6273 .0011  -1.3355 -2.6811 ~.6356 11.5313
25 3219 1.0305 .1419 1.9269 .4946 1.3043 6.8445
31 .1345 -.8964 .1700 .4827 .9139 . 9926 2.9041
33 -.8344 -.2011 1.3634 1.5908 .0959 -.0032 $.1355
ab .1084 -.2011 -.4722 ~wdld S .7041 1.4843 3.0186
38 1.4832 1.4398 -.3342 1.1895 <.1208 = 2339 5.8689
44 =1 . 7682 -.6446 7196  =2.,0221 1.1501 -.6752 9.9313
45 -1.9674 .0249 .2062 -.5549 -.6019 .9031 5.3996
46 .1484 -.1920 -.8219  -1.7692 -.7959 1.1718 5.8713
150 1.8787 -.0409 -1.3700 .5009 -.7048  -1.43683 8.2205

OUTCOME OF THE R1-TEST: 250.9180
DF: 218
PROB(R1): .0624




TABLE 5: OBSERVED AND EXPECTED FREQUENCIES FOR GIRLS

WITH SCORES FROM 1 TO 4 (N=106)
ITEM CAT OBSERVED EXPECTED DEVIATE SCALED DEVIATE
5 1 58 62.798 -4.,798 -.801
2 103 101.106 1.894 271
3 37 40.616 -3.616 -.684
4 23 16.906 6.094 1.617
6 1 3 4,904 -1.904 -.869
2 15 18.946 -3.946 -.953
3 1 877 « 323 .394
4 4 2.152 1.848 1.273
8 1 4 4.061 -.061 -«031
2 11 9.954 1.046 .340
3 0 1.141 -1.141 -1.072
4 4 3.315 .685 .382
16 1 31 32.329 -1.329 ~.250
2 70 80.004 -10.004 -1.417
3 12 8.601 3.399 1.191
4 0 .324 -.324 -.9570

Contribution to Rl-statistic : 12.462



TABLE 6: EVALUATION OF MODEL FIT FOR THE GIRLS

OVERVIEW OF ITEM FIT

Item Cat Group-1 Group-2 Group-3 Group-4 Group-5 Group-6 Item Fit

S 1 -.8012 1.1094 -.3857 1.3026 .3918 <1.8118 7.1545
2 2711 -1.5841 -.7690 -1.5828 1.0782 1.0824 8.0136

3 -.6836 .0620 .3207 .9624 - .,8654 .3387 2.3638

4 1.6167 +2311 .3062 -1.1487 -.3414 -,2196 4,2453

6 1 -.8686 -.7641 .6655 -1.8085 11,9890 .3840 9.1556
2 =, 8581 .0652 .8538 -.4862 -1.0679 1.3126 4.7414

3 3935 -,3295 -1.3894 -1.7324 1.7838 »121% 8.4134

4 1.2732 1.1416 .4233 1.8760 -1.2270 -.7171 8.6425

8 1 -.0305 .0704 1.6339 -.3781 -.8889 -.1944 3.6464
2 .3402 .5850 -.5103 -.8060 1.0640 -.7357 3.0412

3  -1.0720 .4062 .9397 -1.8793 -.0891 9194 6.5821

4 .3822 -.9178 3895 1.0137 .3428 -1.0993 3.4936

16 1 = w2005 .2576  2.1679 -.,1985 -1.0951 .0076 6.0676
2 -1.4170 .9864  -,1917  -.4398 .7858 .1700 3.8576

3 1.1910 -1.4205 -2.4318 -.6313 .5917 1.2228 11.5938

4 =.,57203 1.0713 .2228 -,3024 .7482  -.5754 2.5050

OUTCOME OF THE R1-TEST: 88.5175
DF: 81
PROB(R1): .2744
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