
Abstract

In this dissertation, we focus on the estimate in logistic regression models when

the independent variables are subject to some measurement errors. The problem of

this dissertation is motivated by online calibration in Computerized Adaptive Testing

(CAT). We apply the measurement error model techniques and adaptive sequential

design methodology to the online calibration problem of CAT. We prove that the

estimates of item parameters are strongly consistent under the variable length CAT

setup. In an adaptive testing scheme, examinees are presented with different sets of

items chosen from a pre-calibrated item pool. Thus the speed of attrition in items

will be very fast, and replenishing of item pool is essential for CAT. The online

calibration scheme in CAT refers to estimating the item parameters of new, un-

calibrated items by presenting them to examinees during the course of their ability

testing together with previously calibrated items. Therefore, the estimated latent

trait levels of examinees are used as the design points for estimating the parameter

of the new items, and naturally these designs, the estimated latent trait levels, are

subject to some estimating errors. Thus the problem of the online calibration under

CAT setup can be formulated as a sequential estimation problem with measurement

errors in the independent variables, which are also chosen sequentially. Item Response

Theory (IRT) is the most commonly used psychometric model in CAT, and the logistic

type models are the most popular models used in IRT based tests. That’s why the

nonlinear design problem and the nonlinear measurement error models are involved.

Sequential design procedures proposed here can provide more accurate estimates of

parameters, and are more efficient in terms of sample size (number of examinees

used in calibration). In traditional calibration process in paper-and-pencil tests, we

usually have to pay for the examinees joining the pre-test calibration process. In



online calibration, there will be less cost, since we are able to assign new items to

the examinees during the operational test. Therefore, the proposed procedures will

be cost-effective as well as time-effective.
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