9. CONTROL LINES FOR ITEM PLOTS

When tests intended to measure on a particular variable are used with different groups of persons
or to measure persons under different conditions, it is necessary to determine the degree of stability the
tests maintain over these occasions. The quantitative comparisons sought depend on the tests retaining
the same quantitative definition of the variable throughout the occasions to be compared. In order to
determine this, amethod is required to evaluate the invariance of the common test item calibrations from
group to group or time to time.

In order to evaluate the invariance of these calibrations we need to compare item calibrations
to see whether quantitative comparisons of the measures obtained from these occasions are possible.
To do this we need to compare the centered calibrations for the items common to the two occasions.

In this chapter we explain how to make such comparisons (1) by plotting the centered item
calibration estimates from two different occasions against one another, (2) by analyzing the standard-
ized differences of the item calibrations between the two occasions and (3) by evaluating the correlation
between the pairs of estimates over the set of common items.

In order to be explicit, we follow our explanations with an example to help the reader work
through each step in the process. In the previous chapter, Identifying Item Bias, we showed how to
evaluate item bias through the use of item plots. That chapter concentrated on explaining the concepts
involved and using the figures to illustrate the concepts. In this chapter we explain the techniques by
which such plots are constructed and evaluated.

PLAN OF ACTION

1. Estimate the itemcalibrations for each of the two occasions and identify the set of items common
to both occasions. These alternative calibrations may come from two different samples of
persons or from the same sample of persons tested at two different times. Estimate the item
calibrations with their respective estimation standard errors and fit statistics. Thus for each
calibration occasion and for each item i we calculate the item difficulty estimate 4 , its standard
error s, and the fit of the calibrating data to these estimates, v, .

2. Center each set of common item calibrations on the same origin (using perhaps the mean
difficulty of the common items in the most recent or most important test) so that their comparison
becomes independent of any translation effects between the centers of the two calibrated tests.

(If thereis atranslation, then that amount would have to be accounted for before person measures
from the two occasions could be compared. See Wright and Stone, 1979, pp. 96-98 and 112-
117. The best way to proceed, however, is to carry out a third calibration of all of the data from
both previous calibrations pooled into one combined data matrix. Usually this combined data
matrix, in which every item on either test defines a column of possible responses and every
individual test administration in either sample defines a row, has some empty cells where that
item was not administered to that person. The “missing” datais easily managed in a calibration
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program like BIGSTEPS, (Wright, 1996)).

. Plotthese paired and centered item calibrations d,; and d,; against one another for each common

item. A common variable is demonstrated when the plotted item points, which should estimate
asingle common difficulty for eachitem, fitan identity line, e.g. fall within one or two standard
errors of their identity line.

. Construct statistical control lines around the identity line by computing standard units of error
along lines which are perpendicular to the identity line and passing through the item points. (The
error control lines can be constructed for one or two error units producing 68 % and 95% quality
control.)

These control lines can be used to evaluate, at a glance, the overall stability of the item
calibrations shown on the plot. If more item calibrations fall outside the control lines than are
expected by the control choices of 68% or 95%, we are led to doubt the stability of the
calibrations in this study and to investigate the particular items causing the visible lack of
invariance. Even when only a few items fall outside the control lines, we examine the particulars
of these items carefully to determine why this has occurred and what we might do to control these
particular conditions which threaten the validity of measurements made with these items.

. Calculate the standardized difference between the alternate estimates of the single common item
difficulty:
2y =(dy; —dy)/ (s 2520

This statistic has an expectation of zero and a variance of one when item stability holds. The
pattern of these differences can be studied by plotting z,,, against d, = (d,; +d,;) /2.

. Correlate d;; with d,; overthe i=1, Lcommon items. This correlation r, has amaximum value

governed by the standard errors s,; and s,; and also the variance of the d, . This maximum
correlation is:

R =1-(SE*/SD*) =1-[(L-1)/ L1*[ Y. (s2 +52)/ Y (dy; +d;)*]
whend =d, =0

L
SE* =Y (s +s3)/ 4L

SD*Y (d, +d,,)" / 4(L-1)
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