- ACT Research vR@p@rt S@ri@s 975

" Unidimensional Approximations
for a Computerized Test When
the Item Pool and Latent Space
are Multldlmensmnal

]udlth A. Spray
| Abdel-farcah A. Abdel-farcah
§ Chi-Yu Huang
lcAlentaw

ACT - Ty 1997



Unidimensional Approximations for a Computerized
Classification Test When the Item Pool and
Latent Space Are Multidimensional )

Judith A. Spray
Abdel-fattah A. Abdel-fattah
Chi-Yu Huang
ACT

C. Allen Lau
The Psychological Corporation



ABSTRACT

The primary concern or focus of a certification or licensure test is to obtain valid
criterion-referenced information regarding a candidate’s competency to practice. When
the test is administered by computer, a valid pass/fail decision can be made with fewer
items than an equivalent paper/pencil test by targeting items at the passing score and
using a likelihood ratio approach such as the one utilized in the sequential probability
ratio test or SPRT. When administered on a computer, the SPRT is frequently referred
to as a computerized classification test or CCT (to distinguish it from the usual
computerized adaptive test or CAT). If the CCT is IRT-based, an assumption of
unidimensionality is usually required, and the concern is when the item pool is not
essentially unidimensional. This study investigated the effects that a multidimensional
item pool and latent ability space have on the accuracy of the decisions made using
CCT. The results show that the procedure may be fairly robust to such assumption

violations.
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UNIDIMENSIONAL APPROXIMATIONS FOR A
COMPUTERIZED CLASSIFICATION TEST WHEN THE ITEM PooOL
AND LATENT SPACE ARE MULTIDIMENSIONAL'

The primary concern or focus of a certification or licensure test is to obtain valid
criterion-referenced information regarding a candidate’s competency to practice. When
the test is administered by computer, a valid pass/fail decision can be made with fewer
items than an equivalent paper/pencil test by targeting items at the passing score and
using a likelihood ratio approach such as the one utilized in the sequential probability
ratio test or SPRT. When administered on a computer, the SPRT is frequently referred
to as a computerized classification test or CCT (to distinguish it from the usual
computerized adaptive test or CAT) and a high degree of accuracy of the classification
decision can be obtained (Spray & Reckase, 1996). The concern is when the item pool
is not essentially unidimensional, because many of the professional certification and
licensure examinations are constructed from complex blueprints with content domains,
cognitive levels, and practice levels as typical blueprint dimensions. Even when the
blueprint consists only of different content categories, they are frequently quite diverse.
For example, it is common to see a professional practice blueprint contain very specific
categories covering the professional subject matter as well as more general areas such
as Professional Issues or Administration.

When we first began to study the possible effects of a multidimensional item pool
on the classification accuracy of CCT using SPRT procedures, we anticipated that we
would be able to produce a multidimensional SPRT procedure analogous to the

unidimensional one, so that, if it was determined that an item pool was, indeed



multidimensional, we could implement the modified procedure to guarantee minimum
classification errors. Having access to multidimensional IRT estimation procedures
ensured that we could calibrate a multidimensional item pool and then simply
implement the modified SPRT CCT algorithms designed to handle the

multidimensionality of the item pool.

The Unidimensional Case

In the unidimensional case, assume that the item pool fits say, the 3-PL IRT model,
P(Y=1|68,a,b,c). A passing score is established by using some subset of the item pool
called a standard reference set. The standard reference set of m items within the item pool
mirrors the examination blueprint in terms of major category definitions, proportions of
items included within each domain, item difficulty, and other pertinent characteristics.
A passing score or passing rate, p, is obtained on the standard reference set by some
established method (e.g., the Angoff procedure) and an equivalent latent passing score
is obtained in the usual way by solving for 0 in the relationship,

p = iXm: P(Y.,=1|6,a,b,c). (1)
i=1

The value of 8 that satisfies this relationship, 6,, divides the unidimensional latent
space into two mutually exclusive regions: candidates with latent ability, 6, who truly
are minimally competent (8, > 6,) versus those who are truly not minimally competent

(6, < 8,). See Figure 1.



Figure 1: Unidimensional passing score.
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The SPRT CCT procedure selects items from the item pool for administration based
- or ranked on some statistical or psychometric criterion such as maximum item
information at 6,, after considering the usual selection adjustments involving content
constraints, item exposure control, and so on. After each item has been administered to
a candidate, the response is used to update a simple likelihood ratio. As soon as the
weight of response evidence (i.e., the response string, y,, ¥,, ..., ¥,) clearly supports one
decision over the other, testing ceases after the n™ item has been administered and the
candidate is classified accordingly.

The likelihood ratio, L(y,, ¥, ,...|68,,6,), is computed at two distinct points, 6, and 6,,
along the (unidimensional) latent ability space with 8, < 6, < 8,, or

n,(8,)m(8,)...
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where m, = P"(1-P)"Y, i = 1,2,.... The likelihood ratio is then compared to boundaries A
and B that are functions of the classification error rates, o (false positive) and B (false
negative), to be tolerated within the test (Spray & Reckase, 1996; Spray & Reckase, 1987;
Wald, 1947). Wald (1947) showed that A > /(1-0) and B < (1-B)/ 0.

If L(yy, Yo --160,8,) > A, the examinee is classified as passing.

If Ly, ¥y, - 16,/8,) < B, the examinee is classified as not passing.

If B <L(y), ¥ ---|8,,8)) < A, no decision is made and another item response must be
observed if a decision is to be made within the specified false positive and false negative

error rates.

The Multidimensional Case
If the items within the pool are fit by a multidimensional model, say the linear or
compensatory 3-PL MIRT model with g distinct dimensions and the usual item
parameters (a, 4 and c) and the passing rate is established as before, then

1 m
p = _z Pi(Yi=1|91,92,...,9q,ai,d,.,ci). 3)

i=1
If we define the function, F(el,ez,...,eq) =1/m ZP,(Y,=1 |91,92,...9q,a,d,c),
then any candidate with latent ability vector (8,, 8, ..., 8,) that satisfies F 2 p, is truly
minimally competentz. Values of (6, 6,, ..., Gq) for which F = p, abbreviated as \~

define the curve in the latent space that divides the space into two mutually exclusive

regions. See Figure 2 where g = 2, for example.



Figure 2: Two-dimensional passing function, Vp.
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Problems in Extending the SPRT Procedure for a Multidimensional Item Pool

In the unidimensional case, as each item is administered to a candidate, the values
of 8 and 6, and the item parameters can be used in the 3-PL function to yield unique
values that are used to update the likelihood ratio. However, if the SPRT procedure -
were to be extended to the multidimensional situation, then we would need to define
the likelihood ratio as before along two distinct curves, V, and V,, approximately
parallel to V.. The values of 8,,8,,...,0, that satisfy V, and V, do not necessarily produce
constant probability values for each item. Thus, the likelihood ratio cannot be updated
by two unique values, m, and =,, following the administration of each item. In addition
there is no single point at which items can be ranked because multidimensional
information computed along V, varies. Although some approximations are possible,
there did not appear to be a straightforward, exact extension of unidimensional SPRT

to the multidimensional case.






jth candidate’s unidimensional latent approximation, 6, came to sorting that candidate
with true ability vector, (Glj, 0y .. qu), correctly.

There are several factors which may impact on these two events. These include the
degree or strength of the multidimensionality of an item and the ability of the examinee
(and, thus, the interaction of the two) (Reckase, 1990), the degree of curvalinearity of v,
projected onto the latent space, and the discrimination of the item to sort candidates into
the correct category. Based on these three factors, we set up conditions for SPRT CCT
simulations. For these simulations we examined (1) the degree of multidimensionality
of the item pool relative to the multidimensional latent space of the examinees; and (2)
different values of the passing proportion, p. The primary question to be answered by
the simulations was, Are there certain conditions under which the unidimensional

approximation to the multidimensional SPRT will still yield tolerable CCT errors?

Method
An item pool was created from the multidimensional calibration of six forms of the
ACT Assessment Mathematics Test® using the computer program, NOHARM®. There
are 60 items on each form of the ACT Assessment Mathematics Test. Thus, the item
pool was composed of six parallel test forms and totalled 360 items. Previous
multidimensional analyses of this mathematics achievement test had identified two,
distinct dimensions for each form of the test, and all items in the pool had been fit to a

linear, multidimensional IRT model or MIRT model of the form,

P(Y=116,,0,a,a,d,c) = c+(1-c) ¢ld+a’6], 4)





