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This study investigated the effect of using
multidimensional items in a computerized adaptive
test {(CAT) setting which assumes that all items are
unidimensional. Previous research has suggested
that the composite of multidimensional abilities
being estimated by a unidimensional IRT model is
not constant throughout the entire unidimensional
ability scale (Reckase, Carlson, Ackerman, &
Spray, 1986). Results of this study suggest that
unidimensional calibration of multidimensional
data tends to “‘filter out’’ the multidimensionality.
Items that measured a 6,,8, composite similar to
the composite of the calibrated unidimensional 8
scale had larger estimated unidimensional
discrimination values. These items thus had a
greater probability of being administered in a CAT
where only the most informative items are selected.
Results also suggest that if a CAT item pool
contains items from several content areas
measuring dissimilar 6,,8, composites, different
unidimensional abilities may receive disparate
proportions of items from the various content
areas. Index terms: adaptive testing, item response
theory, multidimensionality, parallel tests, test
construction.

Most item response theory (IRT) models as-
sume that an examinee’s test performance can be
explained by a single ability or latent trait—that
is, an examinee’s position in the latent ability (6)
space can be determined by measuring a single
8 dimension. However, this assumption may be
rarely met because of the many cognitive factors
that may account for an individual’s response to
an item (Traub, 1983). For a group of individu-
als, it is doubtful that a single cognitive skill or
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constant combination of skills would be used by
each person to respond to a single item. Thus,
it is even more doubtful that the assumption of
unidimensionality would be met for a group of
individuals responding to an entire test.

Reckase, Carlson, Ackerman, and Spray (1986)
showed that the composite of 8s did not remain
consistent throughout the estimated unidimen-
sional 0 scale for the measurement of generated
two-dimensional data in which difficulty and
dimensionality were confounded (i., easy items
measured primarily the first dimension and
difficult items measured primarily the second
dimension). Specifically, they reported that for
the particular confounding of 6 and difficulty
used, the examinees in upper LOGIST estimated
6 deciles differed mainly on 8,, whereas those in
the lower 8 deciles differed mainly on 8,.

If these results are generalizable to real
achievement test items, the application of com-
puterized adaptive testing (CAT) could be pro-
foundly affected. When an adaptive test item
pool is composed of items that require different
composites of ability to answer correctly, low-
and high-ability individuals may be administered
two sets of items that measure completely differ-
ent combinations of skills.

Weiss and Suhadolnik (1982) investigated the
robustness of adaptive testing to the violation of
the unidimensionality assumption. Using a
factor-analytic approach, they generated item
parameters that mirrored the multidimensional
factor structure of the Armed Services Vocational
Aptitude Battery’s General Science test. They
simulated adaptive tests using 45 different item
pools, each a variation of the General Science
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test’s four-factor structure. Item selection was
based on maximum information at the current
estimated 0. Item information was determined us-
ing item parameter estimates provided by the
items’ first factor loadings. For each selected
item, the probability of a correct response was
computed separately for each of the four dimen-
sions. These were then combined by weighting the
probabilities by their squared factor loadings.
Finally, the combined probability was compared
to a random deviate from a uniform 0,1 distri-
bution to determine a correct response. The study
focused on the relationship between the estimated
0 and the true 8 generated for the first dimension.

The results of Weiss and Suhadolnik (1982)
suggest that as multidimensionality increases, the
estimated Bs deviate more from their true values.
However, they also concluded that increasing test
length can overcome the ‘‘effects of multidimen-
sionality with one or two factors beyond the first
that account for up to one-fourth the variance
of the first factor’ (p. 278).

The present study differs from Weiss and
Suhadolnik (1982) in several ways. First, mul-
tidimensionality was induced here into the adap-
tive testing process with the compensatory IRT
model developed by Reckase (1985), rather than
using a factor-analytic approach. Second, the ef-
fect of multidimensionality of item pools on the
mapping of the ability space onto the unidimen-
sional 6 scale was examined. This differed from
Weiss and Suhadolnik (1982), who examined how
differing degrees of multidimensionality affect-
ed the relationship between 6 and the true first
factor 8. Third, the issue of different 8 levels
receiving percentages of items from different con-
tent categories was investigated.

When two-dimensional abilities are mapped
onto a unidimensional scale, the mapping is not
one-to-one: several 6,,8,s are mapped into the
same unidimensional 8. From a visual perspec-
tive, the mapping of 6,,8, onto 6 produces a
“plane’’ of estimated unidimensional 8s, which
often intersects the two-dimensional ability plane.
The estimated unidimensional ability plane is de-
fined by the multiple regression of the estimated

6s onto the 6,,6, plane. The orientation of this
plane can best be examined by plotting the equi-
unidimensional 6 contour projections onto the
08,,8, plane. By studying the alignment of these
contours with the 6,,0, axes, it can be determined
whether one ability is being measured more ac-
curately than the other.

Figure 1 shows an example that illustrates the
spatial relationship between a two-dimensional
6 space and the 6 regression plane. The regres-
sion equation for this example is 8 = .508, +
.508,. The positive portion of the 8 plane lies
above the 8 plane, and the negative portion lies
below. Although it is characterized as a plane of
Bs, all locations on this plane that are the same
perpendicular distance from the 6 plane have the
same 8. These distances or “‘heights” are revealed
when the contour plot of the 8 plane is project-
ed onto the 0 plane (Figure 2). The alignment and
spacing of the contours in this example verify that
both dimensions are being measured with the
same degree of precision.

R Figure 1
The Regressed 6 Plane in Relation to the True 6 Plane
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The unidimensional item parameter estimates
of multidimensional items are thought to be a
function of the orientation of the estimated
unidimensional 8 plane in the multidimensional
6 space. This alignment or orientation has been
investigated by Wang (1986). She demonstrated
analytically how the alignment of the plane of
unidimensional estimates is a function of both
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Figure 2
Projected Contours of the 8 Plane Onto the 8 Plane
3.0 . . .

the underlying multidimensional ability distribu-
tion and the multidimensional characteristics of
the items. The orientation of the plane of
unidimensional estimates was characterized by
what Wang called the “‘reference composite.”” The
reference composite is equivalent to the regres-
sion equation of 8,,8, onto 6. The 6 contours will
always be orthogonal to the line having an angle
equal to tan~'(B,/B,) with the 0, axis (where 3,
and B, are the standardized regression coeffi-
cients). This angle can be termed the reference
angle.

One conclusion that follows from Wang’s
work is that the orientation of the reference com-
posite is influenced by the pattern of multidimen-
sional information over the 6,,0, plane (i.e., if a
test provides more information about 0, in the
two-dimensional case, a unidimensional calibra-
tion of response data from this test would tend
to “‘orient”’ the unidimensional 8 plane along the
8, axis). Contour lines of the 8§ plane, when
projected on the 6 plane, will run obliquely to
the 0, axis and somewhat parallel to the 6, axis.
If a dataset provides uniform information
throughout the @ plane, the measurement preci-
sion of both dimensions will be equal and the
projected contours of the unidimensional plane

will have a reference angle of a 45° line (see
Figures 1 and 2). However, if the individual items
differ in the composite of abilities needed for a
correct response, tests composed of different
items could have different unidimensional orien-
tations in relationship to the 6 plane. How the
calibrated unidimensional scale is positioned in
the plane may affect the way different locations
in the plane are mapped onto the unidimension-
al 8 scale.

Samejima (1977) suggested that unidimension-
al tests are weakly parallel if they provide the
same amount of information at each point
throughout the 8 scale. The logical multidimen-
sional extension would be that two tests are weak-
ly parallel if the composite of abilities being
measured by each test is being assessed with the
same degree of precision for all points through-
out the ability space.

Purpose

The underlying issue investigated here was
whether persons at different locations along the
estimated unidimensional 6 scale in a CAT ad-
ministration of two-dimensional items would
receive parallel tests (i.e., whether tests would vary
in the 8,,8, composite of ability being measured
and/or the degree of measurement . precision
would not be equal across tests). Two research
questions were examined. The first concerned the
orientation of the contours of the plane of
unidimensional 8s projected onto the 0 plane, to
determine whether the orientation would differ
as the 6,,6, composite of items in a test changed.
The second research question, based on the find-
ings of previous research by Reckase et al. (1986),
concerned whether individuals in a CAT adminis-
tration at different ability levels on the mapped
unidimensional scale would receive disparate
proportions of item content requiring different
6,,9, combinations for a correct response.

Two experiments were conducted. The first ex-
periment examined only the first research ques-
tion using generated data. The second experiment
examined both questions using real data in which
difficulty was suspected to be confounded with
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dimensionality. Two different test formats were
" used in each experiment. The first was an adap-
tive test format (CAT), and the second was an ad-
ministration of the complete item pool (CPA). For
both formats, two simulations were conducted to
establish the projected unidimensional scale
orientation onto the 8 plane scale. To investigate
the second question, a simulation was conduct-
ed in the second experiment using the CAT for-
mat to determine if different ability levels along
the mapped unidimensional scale received tests
composed of dissimilar proportions of six differ-
ent content categories, each providing different
information about the two-dimensional 8 plane.

Experiment 1
Method

Generation of item response data.  Using the
two-dimensional compensatory IRT model, an
item pool of 100 items was created. For the pur-
poses of this study, the multidimensionality is-
sue was not confounded with the guessing issue;
thus the two-parameter multidimensional logis-
tic (M2PL) compensatory model was selected
(Reckase, 1985). In this model, the probability of
a correct response to item i by personj is given as:

P(X,=1|a,d,8) =1+exp-(ab, +a0,+d), (1)

where X;; is the response to item i by person j,

a, is a vector of item discrimination parameters,

d, is the multidimensional difficulty of item i,
and

8, is a vector of person parameters.

Item parameters for 100 items were generated
by selecting multidimensional item discrimina-
tion values (Reckase, 1985) randomly from a 3
distribution (o = .11, p = .11). The selection of
discrimination values from this bimodal distri-
bution and the pairing of them with multidimen-
sional difficulty parameters {randomly selected
from a uniform U(0,1) distribution] created uni-
form information in each direction throughout
the two-dimensional  plane in the region 3
< 0, < 3, -3 <6, < 3. The length of each
item vector (see Figure 3) represents the amount

Figure 3
Vectors for the Generated Item Parameters
Representing the Direction and Distance to the
Point of Maximum Discrimination
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of discrimination for a given item. The p = .5
equiprobability contour for each item is orthog-
onal to the base of the item vector. To achieve
uniform information throughout the 8 plane, the
majority of items had to measure predominant-
ly either 8, or 8,. The summative effect of com-
bining information of items that measured most-
ly 8, or 8, also provided equal amounts of infor-
mation in a direction of 45° from the 6, axis.

In the first simulation, 2,000 6,,0,s were ran-
domly selected from a bivariate normal distri-
bution, N(G,X) where £ = I. Using the M2PL
model, response vectors were generated for
each simulee. The response vectors were subse-
quently calibrated to fit a unidimensional two-
parameter logistic (2PL) IRT model using the IRT
calibration program LOGIST (Wingersky, Barton,
& Lord, 1982). The two test formats (CAT and
CPA) were simulated for the 2,000 6,,8,s previous-
ly selected using both the multidimensional item
parameters and their corresponding unidimen-
sional estimates.

Test administration. In the CAT simulation,
the initial unidimensional estimate of 9 was 0.
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Items were selected using their unidimensional
information values. Those items that provided
the most information at the current 8 were se-
lected. Then the probability of a correct re-
sponse was computed using the known two-
dimensional item parameters and the preselect-
ed 8,,8, according to the M2PL model. This prob-
ability was then compared to a randomly
generated threshold value from a U(0,1) distribu-
tion to yield a correct or incorrect response, and
the unidimensional 8 was updated. This iterative
CAT process was continued until either 20 items
had been administered, or the sum of the
unidimensional item information reached 10 at
the current 8.

The CPA simulation was identical to the CAT
test, except that no limit was placed on the
amount of unidimensional information, and the
maximum test length was increased to 100. By
relaxing the stopping rule criteria in such a man-
ner, each simulee was administered the entire item
pool.

Measurement accuracy.  For each type of ad-
ministration, a multiple regression was conduct-
ed in which the 2,000 8s were regressed onto
the generated 6,,0,s. Contour plots of the 8 plane
were then constructed for each simulated ad-
ministration format. The orientation of the con-
tours in relationship to the 6,,8, axes provided
information about the measurement accuracy of
each dimension, which was then compared across
each testing format.

The mapping of the two-dimensional 9 space
onto the unidimensional scale can best be under-
stood by examining the response surface of three
selected compensatory items and the correspond-
ing probabilities of correct response for three dis-
tinct points in the 6 plane. In Figure 4, the
contour plots show the lines of equiprobability
for a correct response for the three equally dis-
criminating items. Three selected 8s, A(2,0),
B(0,0), and ((0,2), are indicated on each contour.

Item 1 (Figure 4a) discriminates or provides
information only along 8,. If a test were com-
posed of items identical to Item 1, multidimen-
sional abilities B and C would receive the same

Figure 4
Contour Plots of Three Compensatory Items

(a) An Item That Differentiates Along 6, Only
a1= 0.0 ap= 1.5 d=0.0
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unidimensional 6 estimate; however, this estimate
would be less than the estimated 0 for ability A.
The reference angle in this case is 90° Item 2
(Figure 4b) provides information only along 8,.
In a test composed of items of this type, mul-
tidimensional abilities A and B would receive the
same unidimensional 0 estimate, although point
C would be assigned to have a higher ability. The
reference angle in this case is 0° Item 3 (Figure
4¢) represents an item that discriminates equally
well on both 6, and 6,. If a test were to be com-
posed of items of this type, A and C would be
estimated to have the same unidimensional 6 but
B would be assigned a much lower 8. The com-
pensatory nature of the test becomes evident in
this case, when the reference angle is at 45°—that
is, examinees who have average ability on one
dimension can compensate by having a high abil-
ity on the other dimension. Thus, points 4 and
C are mapped into the same 6.

By examining the relationship of the project-
ed contours of the plane of estimated unidimen-
sional s and the corresponding reference angles,
it can be determined whether a test is measuring
mostly 8,, mostly 8,, or both 6, and 6, equally
well. The same analysis can be conducted with
other triads of points throughout the two-
dimensional ability plane.

Results

The following standardized functions were ob-
tained for each administration format:

Bcps = .780, + .586, ()
and
Boar = .886, + 308, . 3)

Contour plots, illustrating the orientation of
each format’s estimated 6 plane, are shown in
Figure 5, which displays the equi-unidimensional
estimated 6 contours projected onto the 6,,6,
plane. Several interesting comparisons can be
made by examining these plots. First, the cra
reference angle is 36.6° compared to 18.8° for the
simulated CAT. Therefore, the CAT process dis-
criminated better between 6, abilities and 6,

Figure 5
Contour Plots of the Estimated 8 Plane Projected
on the 6 Plane for Simulations Using
Generated Item Parameters

(a) CPA Simulations
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abilities than did the CPA administration. This
implies that items that discriminate better on 6,
had larger calibrated univariate discrimination
parameter estimates and were selected more often
in the simulated CAT. Thus, it can be assumed
that the LOGIST calibration process tended to em-
phasize the first dimension more than the second

Downloaded from the Digital Conservancy at the University of Minnesota,
May be reproduced with no cost by students and faculty for academic use. Non-academic reproductlon
requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/




TERRY A. ACKERMAN

UNIDIMENSIONAL PARAMETER ESTIMATES OF MULTIDIMENSIONAL ITEMS 19

dimension, and estimated larger discrimination
values for items measuring predominantly 9,.

The estimated multiple regression equations
for both administrative formats used only first-
order terms. Higher-order terms (i.e., 6%, 6%, or
0,0,) did not explain a significant amount of the
8 variance.

The projected CPA contours (Figure 5a) are
slightly closer together, which suggests that the
CPA test did a better job of discriminating be-
tween individuals than did the CAT format. This
result was to be expected, because of the larger
discrimination power obtained by administering
all the items. Each CAT simulated test could in-
volve, at most, only one-fifth as many items as
the CPA test. It was therefore expected that the
CAT could not distinguish between the mul-
tidimensional abilities as well as the CPA format.
However, because the CPA contour lines are only
slightly closer than the CAT contours (Figure 5b),
it can be concluded that the items not selected
in the CAT simulation did not provide as much
information within the range of the simulated
abilities as might be expected.

Discussion

These results suggest several areas of concern
for the practitioner. Even though a group of items
considered collectively provides uniform informa-
tion throughout a two-dimensional ability plane,
this does not guarantee that tests containing
smaller subsets will also provide uniform infor-
mation. The orientation of the projected
unidimensional scale appears to be a function of
the informational structure of the items that com-
prise the test.

The LOGIST calibration process tended to em-
phasize only one of the dimensions, despite the
uniformity of multidimensional information
throughout the 8 plane. The more similar an
item’s 0,,0, composite was to the composite of
the LOGIST orientation, the larger the estimated
unidimensional discrimination value was for the
item. Items that predominantly measure abilities
other than those emphasized by the LOGIST
orientation will have very small unidimensional

discrimination parameter estimates. This result
is critical when viewed from a CAT perspective.

Because the calibration orientation ultimate-
ly determines the size of the estimated discrimi-
nation parameters, it will subsequently determine
which items will have a high probability of be-
ing selected in a unidimensional CAT administra-
tion. Thus, the unidimensional calibration pro-
cess tends to mask the multidimensional nature
of the pool by emphasizing only a single 6,,0,
composite. However, more research is needed to
investigate whether the 6,,6, composite is being
measured consistently throughout the entire uni-
dimensional ability scale.

One weakness to consider when comparing the
difference between the two simulated administra-
tion formats is that the standard errors of the
CPA unidimensional 8 estimates were considera-
bly smaller than those estimates obtained in the
CAT administration. This was simply an artifact
of the number of items administered in each
format.

Experiment 2
Method

In this study, the simulated data were based
on the characteristics of actual test data. The item
pool was created from the ACT Assessment Math
Usage Test Form 26A. The test contained 40
multiple-choice items covering six content areas:
Geometry (G, 8 items), Number and Numeration
Systems (NNS, 4 items), Intermediate Algebra
(1A, 8 items), Algebraic and Arithmetic Opera-
tions (AAO, 4 items), Arithmetic and Algebraic
Reasoning (AAR, 14 items), and Advanced Topics
(aT, 2 items) (American College Testing Pro-
gram, 1986).

Item response generation.  Using 3,000 ran-
domly selected response vectors from a national
administration, two-dimensional item parameters
were estimated using the multidimensional IRT
estimation program MIRTE (Carlson, 1987). The
calibrated compensatory parameters were then
used to expand the 40-item set so that the six con-
tent areas each contained 16 items. For example,
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the eight geometry items in the original 40-item Figure 6

test were simply replicated to produce a total of Multidimensional Test Information Vectors for
16 items. The purpose of expanding the item pool 49 Selected Points in the @ Plane

was twofold: first, to increase the size of the CAT (a) IA Items

pool; and second, to assure that each content area 7

had the same number of items in the pool. 3o & &

The same 2,000 6,,8, pairs that were used in
Experiment 1 were used to create response vec-
tors for the 96 items using the M2PL compensa- 104
tory model. The simulated response data were 6, 0.0
then calibrated using LOGIST to obtain the two-
parameter IRT item parameter estimates. Again
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two different simulations were conducted, one for —2.04 « ® » & B
each administration format. The CPA and the
CAT simulations were conducted as described in B T VR
Experiment 1. -40 ————
—4.0 -3.0 —-2.0 -10 0.0 1.0 2.0 3.0 4.0
Item-content effects. In addition to creating 8,

the contour plots, an additional simulation was (b) AAO Items
conducted at each of seven equally spaced 6 4.0
values from -3 to +3 on the unidimensional I
scale. At each of these unidimensional 0s, a CAT
test was simulated 100 times, using two- e o & & £ .
dimensional item and 6 parameter estimates. ol . & & & .
Seven two-dimensional 8,,0, pairs, which

. g . a 8, g.04 . EY @ ¥ - .
mapped onto the seven unidimensional 8s, were :
arbitrarily selected with the multiple regression wod . e 2 & e .
equation computed for the CAT administration . & e .
format. During each simulation, the content of B -
the administered items was recorded. The propor- 3.0 e & & = .
tions of each type of content were computed and o . “—* TU'IS R
compared at each selected 6. ~40 30 20 -L0 ;;0 L0 20 30 0
Resuits (c) AT Items

Multidimensional information was examined 7

for both the entire pool and the individual con- 2.0 - 4= £2oa
tent categories. The item pool did not provide 2o b B K ¥ o
uniform information throughout the two- % ! !«//Z 2 %
dimensional 6 plane. The G, NNs, 1A, and the L0+ = T
AAO items all provided more information along 0,00, ¥ ¥ L =k b oy
the second 6 dimension, albeit at different places | “
in the 0 plane. The AAR items appeared to be il et
more discriminating along the first 8 dimension. 20 . . & #Z= a
The information vector plots for the 1A and AAR el L e e
items are shown in Figure 6. In these figures, in- ’ —_ 6.66
formation vectors are displayed for 49 selected P o e e e PYIIF yu
points in the 6 plane. The vectors are plotted in 8,

Downloaded from the Digital Conservancy at the University of Minnesota,
May be reproduced with no cost by students and faculty for academic use. Non-academic reproductlon
requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/




TERRY A. ACKERMAN

UNIDIMENSIONAL PARAMETER ESTIMATES OF MULTIDIMENSIONAL ITEMS 21

10° increments from 0° to 90° The length of
each vector represents the height of the mul-
tidimensional test information surface at ,,0, in
the direction of the selected angle (Reckase,
1986).

After examining the content of these item
types, it became clear that the first dimension
could be characterized as a verbal reasoning abil-
ity, because most of the AAR items were “‘story”’
or word problems. In responding to these types
of questions, the examinee must first translate the
written text into an algebraic framework before
computing a solution. The 1A, G, AAO, and NNS
items generally involved some form of algebraic
computation. Thus, the second dimension was
defined as an algebraic symbol manipulation
ability.

Interestingly, the hypothesized characteriza-
tion of the two dimensions was confirmed by the
AT items. Although there were only two AT items
in the original 40 items, one of these was a story
problem, and the other involved algebraic
manipulation. The multidimensional information
plot for these items (Figure 6¢) revealed that the
two items were providing the most information
in a band along each axis. It was assumed that
the horizontal band reflected the information
provided by the story problem, and that the ver-
tical band reflected the information provided by
the algebraic problem.

For each content area, the unidimensional test
information functions were computed and com-
pared. The pool information function as well as
the individual content information functions are
displayed in Figure 7. The AAO content area
provided the highest level of information,
whereas the NNS items provided the least. Com-
pared to their multidimensional counterparts, the
univariate content information functions provide
a striking contrast, revealing a high degree of
similarity.

The plots of the projected contours for the
CAT and CPA administrations are shown in Figure
8. The multiple regression functions, obtained by
regressing 8 onto the known 6,,8, for each for-
mat, were

Figure 7
The Total Pool and Individual Content Area
Unidimensional Information Functions
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Bcps = .660, + 718, 4)
and
Bear = 490, + 826, . )

The orientation of the contours of the estimated
unidimensional scale for each format was simi-
lar to the results obtained in Experiment 1. The
CAT reference angle (Figure 8b) was 59.1° which
suggested that the items administered in this for-
mat were discriminating better along 0, than
along 6,. Both dimensions appeared to be as-
sessed equally well in the CPA format (Figure 8a),
which had a reference angle of 47.1° Despite
more items administered in the CPA format, the
contour lines for both plots appear to be spaced
similarly (i.e., even though more items were
administered in the CPA format, the overall
degree of discrimination was not noticeably
improved).

The proportions of each content administered
at the seven estimated unidimensional abilities are
displayed in Table 1. A clear shift in the item con-
tent is evident. No NNS items were selected at any
of the seven 8 values. This artifact may be partly
due to the LOGIST orientation in the 0 plane (i.e.,
if the NNS items were measuring mostly 0, and
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Figure 8
Contour Plots of the Estimated 6 Plane Projected on
the 0 Plane for Simulations Using Estimated
Item Parameters

(a) CPA Simulations

the LOGIST orientation tended to emphasize
measurement along 6,, the unidimensional dis-
crimination parameters would be estimated to be
very low). Consequently, no NNS was selected in
the CAT administration. This is also supported
by the fact that the unidimensional NNS con-

Table 1
The Proportion of Each Content Area
Sampled in the Multidimensional CAT
Simulation at Selected 6 Levels

Content 0 Level

Area 3 2 -1 o0 1 2 3
AAR Jdé 15 .13 .14 07 .03 .01
NNS 00 .00 .00 .00 .00 .00 .00
IA 28 .26 .23 27 .33 .36 .38
G 06 12 .19 26 .27 .24 .19
AAO S50 .57 45 32 .23 .18 .16
AT .00 .00 .00 .01 .10 .19 .26

tent information curve (Figure 7) was the lowest
of the six content areas.

Only the 1A items appear to be represented by
a constant percentage across the 0 scale. Fifty per-
cent of the items administered at § = -3 were
AAO items, whereas only 16% of the items ad-
ministered at § = 3 were AAO items. No AT items
were administered below a 8 value of 0, yet over
one-fourth of the items administered at 6 =
were AT items.

Conclusions

The results of this study strongly suggest that
the concerns over persons of different ability lev-
els receiving different content in adaptive testing
are valid. In Experiment 2, the percentages of the
six content areas administered throughout the
univariate scale differed noticeably as a function
of 6. It would be interesting to see how dramatic
the shift in 6 would be if the CAT was ad-
ministered in a way that would control the num-
ber of items administered from each content area.
Because each CAT test may differ in length, this
probiem is not easily solved.

The orientation of the unidimensional scale
in relationship to the two-dimensional 0 plane ap-
pears to be a function of the multidimensional
composition of the items administered in the test.
This is the same conclusion reached by Wang
(1986). The item selection process in a CAT ad-
ministration tends to make the unidimensional
scale orientation similar to that obtained in the
original unidimensional calibration process. This
filtering of the dimensionality occurs because
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unidimensional discrimination estimates increase
as an item’s 0,,0, composite gets closer to the
composite of the unidimensional calibrated scale.
However, the effectiveness of the items for meas-
uring multiple dimensions is misrepresented.

Multidimensional information appears to be
quite helpful in revealing suspected measurement
differences between different content areas.
Although unidimensional information functions
may display a high degree of similarity, their mul-
tidimensional counterparts can be quite dissimi-
lar. Multidimensional differences can be used to
identify and distinguish between the types of
skills required to solve various types of problems.
Such information could become an important
step in the test development process.

This study illustrated graphically—with con-
tour plots—how different sets of multidimension-
al items can affect the mapping of the two-
dimensional 8 plane onto the unidimensional
scale. For both the generated data and the quasi-
real data, there appeared to be differences in the
degree to which each ability dimension was be-
ing measured for different ,,0, points in the abil-
ity plane. It might be argued that this could only
occur with a strictly unidimensional item pool.

Results of both experiments tend to support
one of the findings of Weiss and Suhadolnik
(1982), who suggested that the effects of mul-
tidimensionality can be overcome (i.e., canceled
out) by increasing the number of items. In both
experiments, the CPA format resulted in a refer-
ence angle that was closer to 45° This would im-
ply that as the length of the test increases, both
dimensions are measured approximately equally.

The present results do not support the con-
founding effect noted by Reckase et al. (1986).
Even though difficulty was confounded with
dimensionality in the last experiment, no higher-
order terms (e.g., 62,02) explained enough of the
8 variance to enter the equation. Thus, 8 appears
to be best explained by a linear combination of
0, and 6, through the two-dimensional ability
plane. These results also suggest that more re-
search is necessary in order to understand the

purifying process that occurs when multidimen-
sional data are calibrated to fit unidimensional
IRT models. Practitioners need to determine if
such filtering is really beneficial, or if it is more
advantageous from an instructional point of view
to work from the multidimensional perspective.
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