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Abstract

A great number of educational assessments usually measure more than one trait (Ackerman, 1992; DeMars,
2006; Reckase, 1985). In order to adjust scores on these different test forms, multidimensional item response
theory (MIRT) and its linking procedures should be developed. So far, some researchers have already extended
UIRT linking methods to the multidimensional structure (Davey et al., 1996; Hirsch, 1989; Li & Lissitz, 2000;
Min, 2003; Yon, 2006). There were numerous studies comparing MIRT linking methods in the literature.
However, although choosing anchor items was of great importance in common item designs, a few of studies
compared MIRT linking methods under different common item designs. It was still in doubt that, how we could
choose the common items across different MIRT linking methods. The purpose of this study was to compare five
MIRT linking methods under two kinds of common item choosing strategies in various situations.

The study was a mixed measure design of simulation conditions (between-factors) and linking methods
(within-factor). There were six between-factors: (1) 2 test lengths (40 items and 80 items); (2) 2 levels of the
proportion of the number of items in one dimension to another (1:1 and 1:3); (3) 3 anchor lengths (1/20, 1/5 to
1/3 of total test); (4) 2 strategies of choosing common items (averagely choosing the itemsin all dimensions or
choosing according to the proportions of items in every dimension); (5) 3 correlations between two ability
dimensions (r=0, 0.5, 0.9); (6) 2 levels of equivalent/non-equivalent ability levels between two populations. The
five MIRT linking methods we investigated were: Mean/Mean (MM) method, Mean/Sigma (MS) method,
Stoking-Lord’s (SL) method, Haebara’'s (HB) method and Least Square (LS) method. Under each condition, the
number of examinees was fixed as | =2000, and 30 replications were generated. BMIRT (Yao, 2003) was applied
to estimate item and ability parameters using an MCMC method. Based on the previous studies about equating
(Kim & Cohen, 1998; Kim & Cohen, 2002), a two-step of linking was applied. The first step was to transform
the scale of parameters in the new test onto the base test, and the second step was to transform the scale of all the
simulated items onto the generating scale. In each step, the transformation matrices were produced by LinkMIRT
(Yao, 2004) and the R package called “Plink” (Weeks, 2010). Finally, the recovery of parameters was evaluated
by four criteria: bias, mean absolute error, root mean square error, correlation between the parameters after



equating and true val ues.

To compare the five MIRT equating methods, the results showed that: the RMSE for parameters under SL,
HB and LS methods were smaller and more stable in different situations; however, the RMSE for parameters in
MM and MS methods were significantly large, especially in non-equivalent group conditions. Therefore, the
latter results were displayed for the SL, HB and LS methods. It was found that these methods were not affected
by the common item design. It meant that in multidimensional linking, if the number of common items was more
than 5% of the total test, the RMSE became acceptable. Meanwhile, the strategy of choosing common items
didn’t have significant influence on the linking results of the three methods across different conditions of test
structure. Moreover, for other simulation factors: as test length increased, the RM SE of these methods decreased,;
as the correlations between two ability dimensions increased, the RMSE of ability parameter decreased; the
difference of ability levels between two populations had smaller effect on these methods, that only for intercept
parameter, the non-equivalent group condition produced larger error.

In conclusion, SL, HB and LS methods generally performed better than the other two methods across all
conditions, so it was highly recommended to use these methods in practical. The performances of SL, HB and
LS methods were similar under different common item designs, which was amazing for MIRT linking. Once an
appropriate method was chosen, shorter anchor set could be applied, as developing good common items for
multidimensional tests was quite time-consuming. Meanwhile, the common items could be chosen either
according to the proportions of items in every dimension or averagely in all dimensions. This might be more
convenient for practitioners as well. Lastly, as test length had significant effect on the accuracy of equated
parameters, it wss suggested to make sure the test was comprised of enough items in every dimension before
conducting an MIRT linking.

Key words test equating; Multidimensional Item Response Theory; Mean/Mean (MM) method; Mean/Sigma
(MS) method; Stoking-Lord’s (SL) method; Haebara's (HB) method; Least Square (L S) method
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80 05 0062 0251 0062 0063 0063 0312 0304 0054 0055 0053 0555 0656 0376 0376 0.378 0657 0694 0511 0511 0512
0.9 0061 0244 0062 0062 0062 0285 0276 0053 0054 0052 0510 0613 0350 0350 0351 0558 0614 0421 0421 0421




Miz3 BENERFHETESHIREHMAR

X 73 BEZ 4 BIES 8 HERE 1 BEFI SR 4epE 2 B IS4
MEAKEE RES2ER
MM MS SL HB LS MM MS SL HB LS MM MS SL HB LS MM MS SL HB LS
0.071 0.220 0.072 0.073 0.072 0.153 0.097 0.055 0.056 0.051 0569 0.646 0503 0504 0505 0.608 0.721 0.604 0.604 0.604
40 0.5 0.071 0224 0.072 0.073 0.072 0509 0501 0.060 0.061 0.057 0.814 0919 0505 0505 0507 0.823 0.896 0.609 0.608 0.608
0.061 0.177 0.062 0.062 0.062 0.091 0.078 0.051 0.052 0.050 0.380 0455 0.367 0367 0368 0493 0570 0483 0483 0.484
% 0.5 0.062 0.310 0.062 0.063 0.063 0465 0.463 0.055 0.056 0.054 0.656 0.773 0371 0371 0372 0.723 0.761 0.490 0.490 0.490
ks HERFEARBTEXHEEHEBHENRENHR
WK AR 4 X4y ESH HIE SR YepE 1He IS8 YepE 2 e 1B
K KE H Akt MM MS SL HB LS MM MS SL HB LS MM MS SL HB LS MM MS SL HB LS
11 0.080 — 0.081 0.082 0.079 0.368 — 0.063 0.063 0.062 0.788 — 0.548 0.547 0.550 0.654 — 0.541 0.540 0.543
veo 31 0.082 — 0.083 0.084 0.083 0.422 — 0.065 0.065 0.064 0.757 — 0.483 0.483 0487 0.746 — 0.649 0.649 0.648
11 0.069 0.229 0.071 0071 0.070 0.300 0.284 0.058 0.061 0.053 0.695 0.848 0546 0546 0546 0663 0.731 0540 0.539 0.540
0 1o 31 0.068 0.243 0.071 0.071 0.070 0.333 0.308 0.059 0.060 0.051 0.665 0.809 0.480 0.480 0.480 0.753 0.865 0.647 0.646 0.645
11 0.066 0.189 0.067 0.067 0.066 0.297 0.299 0.053 0.055 0.051 0.685 0.795 0.545 0.545 0546 0.664 0.711 0.534 0534 0.535
v 31 0.067 0.195 0.068 0.068 0.068 0.312 0.301 0.054 0.055 0.051 0.639 0.714 0.478 0.478 0480 0.759 0.820 0.648 0.648 0.647
11 0.066 0.600 0.066 0.066 0.067 0.288 0.292 0.056 0.062 0.054 0.534 0.707 0.414 0.413 0414 059 0.643 0.415 0418 0417
120 31 0.064 0.223 0.064 0.064 0.064 0.257 0.251 0.055 0.056 0.053 0486 0.632 0.347 0.347 0348 0634 0692 0525 0525 0.526
11 0.060 0.158 0.061 0.061 0.061 0.258 0.252 0.052 0.053 0.050 0.538 0.584 0.413 0.412 0413 0544 0.601 0.414 0414 0415
% 1o 31 0.060 0.199 0.061 0.062 0.061 0.278 0.261 0.052 0.051 0.052 0.499 0632 0345 0.345 0.347 0633 0.676 0520 0520 0.520
11 0.059 0.161 0.060 0.060 0.060 0.270 0.258 0.050 0.051 0.049 0.544 0581 0413 0.413 0414 0549 0.637 0.414 0415 0415
v 31 0.058 0.141 0.059 0.059 0.059 0.287 0.280 0.050 0.051 0.050 0.500 0.557 0.345 0.345 0.346 0.634 0.650 0.517 0.517 0.517






