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1. Matrix sampling and variance components

In messurement theory, variance components are the bagis for the generdizatility theory, which is usad to
edimate the sufficdent Sze of an item test. What makes the stuation complex is that the collected sample
matrices are not rectangular, usudly, but different designs containing a lot of structural missng vaues. Those
kind of matrices are, for indance, S, L- and +designs and some more complex as BIB- and NMMS-
desgns. Inthe NMMS (not overlgpping matrix designs) different rotations between booklets have been tested.
In generd, these sampling designs are cdled a matrix sampling designs

BIB-design NMMS-Subsample 2
1. .i11. .i21. .i31. .i4 1. .i11. .i21. .i3
1 XX XXX XXX X X X X
. X X X X X X X X X X X X
- X X X X X X X X X X X X
pPl | X X X X X X X X X X X X
1 X X X X X X X X X X X X
- X X X X X X X X X X X X
- X X X X X X X X X X X X
P2 [ x x x X X X X X X X X X
1 X X XX X X X X X X X X
- X X X X X X X X X X X X
- X X X X X X X X X X X X
P3 | x x x x X X X X X X X X

There are severd ways to cdculae variance components, but usualy missng vaues are not dlowed or they
must follow clear pattern. Previoudy, in IS meetings 1993 and 1995, | have presented a solution for the
modd suggested by Sirotnik & Walington (1977), in which the matrix form is not bound to any fixed matrix
form, but the missng vaues could be in any of the sampling matrix cdls not following any defined rule. The
edimate formulae are given by above authors, Srotnik & Waelington, but the error terms as well as the
practical solution is given by the author of this paper (Tormakangas, 1997).

The esimation method is based on Generdized Symmetric Sums (GSS), in which the variance components

depend on the linear combinations of the GSSs. The method with practical solution in case of different sample
matrices is presented in Tormakangas, 1997.

2. Unbiased/Biased estimates



In common sample matrix there is usudly an equa number of items per a sudent and in this case the symmetry
exigs naturdly. The mogt of the tested sample matrices were this type or there was equa number of itemsin
the common test for dl students or in rotated booklets for subgroups of students and the components and error
variances caculated for these matrices led to the assumption that this method would be unbiased.

Sometimes, however, in a large st of teds the program resulted negdtive error variance esimates of the
variance components and this happened, most commonly, for the item component. In those cases, examining
the variance components more closdly, it was dso noted that the estimates caculated for these submatrices
hed dearly different variance component estimates than were the corresponding estimates for the origind
sample matrix. The difference was larger than what could be trested as an estimation error and thus the
assumption was made that the components were biased.

By examining the matrices, in which the difference of estimates occurred more closdly, it was noted thét there
was adifferent number of itemsfor different sudent groupsi.e. in testing Stuation, there was a different number
of itemsin different test booklets Obvioudy thisis a property, which isin the contradiction with the symmetry
assumption o a generdized symmetric sums and this led to the assumption that  the estimation method is a
geneard solution only for matrices, which stidfies the symmetry assumption meaning that each student should
have an equal number of itemsin the sample matrix. Thelocation of items on the observation row isnot
restricted.
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