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Final Report
Models for Multidimensional Tests

and Hierarchically Structural Training Materials

Since the 1950's, there has been increasing interest in psychological and
educational measurement that is based upon probalistic models of the
interaction between a person and a test item. These model-based procedures
demonstrate how strong assumptions can be used to galn increased control over
the measurement process. For example, using item response theory (IRT), the
precision of measurement at every point along an ability scale can be
determined. Also, items can be selected from a pool to form a test with any
desired level of precision at any point on the score scale.

The strong assumptions needed for these model-based procedures are
basically that the probabilistic model that has been selected accurately
reflects the test data, and that local independence holds for the model. This

latter assumption means that the response to one item does not affect the

response to another item, and that the response by one person does not affect
the response by another person.
Most of the current models assume that the measuring instrument measures

only a single trait (Rasch, 1960; Lord, 1952; Birnbaum, 1968). For many

‘ i o S B

tests, this assumption 1s at least approximated, and for other tests, it is

0

unlikely to be met at all. Most of the current models also are limited to

describing a person's response to a single item. In some cases this

LA A0 BN AN on S A
s

o

;{ limitation may make it difficult to solve some measurement problems.

; The purpose of the research done on this contract was to extend the types
?‘ of models available for model-based measurement. Two types of extensions were
E} considered. The first was an extension of item response theory models to the
-
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case where the measurement device was not assumed to be measuring a single

dimension. These models were labelled multidimensional item response theory

T wy
AN

(MIRT) models.
The second type of extension was to cases where sets of related items j
were considered as a unit. These related sets of items were assumed to be i
measuring educational constructs that could be arranged into a hierarchy that
facilitated learning. These models could be used to determine the
interrelationship between the constructs in the hierarchy and the level that ;

must be reached on each construct before a person should be moved on to the g

next higher level of the hierarchy. Models for tests used with hierarchically
arranged instructional units were labelled models for hierarchically
structured tests (HST).

The approach taken to develop and evaluate the MIRT and HST models was to
first logically evaluate the characteristics of potential models, then to
develop estimation procedures for the parameter of the models, and finally to
evaluate the models on their ability to describe real test data. These steps
were performed separately for a wide class of models of each type. The
results of the research will now be described for each type of model, with the
analysis of the MIRT models being presented first. Only a summary of the E
outcome of the research will be presented here, but references will be made to

papers and technical reports that contain the details of the research efforts.,
The Nevelopment and Evaluation of MIRT Models

The class of possible multidimensional, probabilistic models of the

interaction between a person and a test item is essentially infinite in
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size. Any expression that maps a vector of abilities into a probability could
be considered as a MIRT model.

Therefore, the first step in the research effort was to limit the
possible models to a manageable subset. This was done by reviewing the
literature to determine what MIRT models had been proposed. The review
identified three general classes of models that had been suggested for use
with multidimensional data.

The first of the classes of models considered were extensions of the
general model proposed by Rasch (1961). This model, in its most general form,

is given by

1 [, 270, + $(x; )10y + 85 x(xyJoy + (e )] ()

—_— ij
Y(Bj,oi)

P(xij'ej’oi) =

given the values of

6
where P(xij, i 01) is the probability of response xij
vector parameters ﬂj and oi; Oj is a vector of parameters that describes the

characteristics of person j; oi is a vector of parameters that describes item

i; v (ej,oi) is a normalizing function defined by

Y(e] ,oi) = 2‘ e[’(xij)'ej + *(xij)'oi + 05 X(xij)oi + p(xij)] (2)

xij

that ensures that the sum of the probabilities of the responses to this item

1s equal to 1.0; #(x,,) is a vector of scoring weights that indicates the

i
value to bhe glven to each response to the items when considering the
estimation of the abllity parameters; #(xij) is a vector of scoring weights
that indicates the value to be given to each response to the item when
considering the estimation of item parameters; x(x1 ) 1is a matrix of scoring

3

weights that indicates the value to be given to different products of the
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elements of Gj and o3 and p(xij) is a constant that 1s used to set the origin
of the linear function defined by the exponent. This equation defines a very
general class of models that specifies the dimensionality of the complete
latent space by a linear function in the exponent of the logistic model

form. Note that this model allows one ability to compensate for another in

the metric of ej' That is, a high value of ejl can compensate for a low value

of ejn in the linear function of Oj defined by

by 8+ ¥y(x 0

NCINLY LT RCHL (3)

jm

j2

The same type of linear compensation 1s present for the item parameters.
The second class of models considered was proposed by Mulaik (1972).

This class of models is of the form

m
) ey T 9%y

k=1
0 =
Pry 105000 T 6. 40, ) “
1 +) e jk ik
k=1
where x = 0,1; m is the number of dimensfions; and all of the other terms

1j
have been defined previously. This model specifies the dimensionality of the

complete latent space as a sum of exponential terms. Ability and item
parameters can also compensate for each other 1in this model, but the
compensation occurs on an exponential scale. An interesting point to note 1s
that 1f each exponent 1is zero in this model, the probability of a correct

response is m/(m + 1). Thus, as the number of dimensions, m, increases, the
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f%: probability of a correct response increases unless all of the person and item E
l:. parameters are rescaled. For the model presented in Equation 1, the ‘;
t;i probhability is always .5 when the exponent is zero. :i
i;; The third class of models that was considered was proposed by Sympson ZE
(1978) and in a slightly different form by Whitely (1980). This class of :-;

. models is of the general form given by

.

. . e L0,
’. AR

pury o o a2ty

a, (6, =-b,)
Px, =118 ,a, b, c)=c + (=) F ot I Ik (5) )
15 3 i i i i 17 k=1 2 (0. -b.)
| + e ik jk ik
o
where a, is a vector of discrimination parameters, b1 is a vector of
difficulty parameters, ¢y is the lower asymptote of the probability function, 3
X __."1
. and all of the other terms have been defined previously. This class of models - 4
:Q determines the probability of a response based on abilities in a :
multidimensional space as the prodvct of a series of probability like terms.
g These terms are, in effect, the probability of the response to the item if the
. item only required the one dimension. The overall probability is the product
‘ of the probabilities on each dimension., 1If the exponent is zero on each
;!; dimension, the probability will be c (1 - Ci) (.5)? Thus, the probability »
o '_-
T of a correct response will be reduced as each additional dimension is .j
i;j included, unless the parameters are rescaled for each level of dimensionality. gi
. -
,_ Since the models given in Equations 4 and 5 both require a rescaling of =
X -]
ol the ability scales with each change in dimensionality, and because both of .:
o 1
- these models present some very difficult problems 1in parameter estimation, <9
1
,. they were removed from initial consideratlion and the model presented in —
S ;J
}?j Fquation 1 became the focus of research effort. -}
"
. <
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Analysis of the General Rasch Model

The model presented in Equation 1 defines a very rich class of special
cases. By selectively setting the weight functions to zero, many different
possible models can be derived, each of which have different properties. Each
of these special cases was studied both through a mathematical analysis of the
equation for each model and through a statistical analysis of simulated data
generated using each model, The results of these analyses were reported in a
technical report and in a series of papers presented at professional

meetings. The full references to the report and the papers are given below.

McKinley, R. L. and Reckase, M. D. (1982), The use of the general Rasch model

with multidimensional item response data (Research Report ONR 82-1). Iowa

City, TA: The American College Testing Program.

McKinley, R. L. and Reckase, M, D. (1982, March). Multidimensional latent

trait models. Paper presented at the meeting of the National Council on

Measurement in Education, New York.

McKinley, R. L. and Reckase, M., D. (1982, May). An analysis of the

characteristics of a family of IRT models. Paper presented at the meeting

of the Psychometric Society, Montreal.

The results of these analyses showed that two special cases of the

general Rasch were capable of modeling realistic multidimensional item

response data., The first case uses only the 65 x(x1 o

and t(xii)'o terms

379 1
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of the general model. The weights for the other terms were set to zero. The

model for this case is given by

m m O

() 0,8, +) o ) -

D! L%t L% ek ]

POy 19550,) = v o ¢ <! k=1 (6) -4
"4

where the symbols have been defined earlier. This form of the model can be

written in the more familiar form given by

m
e(kﬁl 3 Oq T 4y)
P(x,.|0.,a, d,) = (7) A
ij'j i, 1 Mmoo e o+ d ) -
1 +e () %1k jk i
k=1
m m o
_ _ _ () a; 0, +4d) _
where aj = cik’ di = £=1aikbik = £=lci, m o+ k,l + e k=1 ik jk i’ = Y(°1’°1)
and a and b can be Interpreted as the a- and b-parameters from

ik 1k

unidimensional IRT models. Equation 7 can also be thought of as a
multidimensional extension of the two-parameter logistic model; therefore, f{t
has been labelled the M2PL model.

The second special case of the general Rasch model that was found to

model multidimensional item response data uses only the ’(Xij)’ej
terms from the general model. This model is of the form

and O(Xij) oi

- ! (¢(x,.)'0, + 9(x,.)'" o,)

3

e
)
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where all of the terms have been defined previously. This model has been
labelled the "cluster model” because in order for it to model multidimensional
data, X3 must be the response string for a cluster of items rather than the
response to a single item. If the item cluster contains two dichotomously

scored items, the possible x,. responses would be 0,0; 0,1; 1,0; and 1,1. For
13

A

each of these responses, a different weight function would be available for f}?J
the 9= and o-vectors., }
Although the cluster model was very promising, it had one difficulty that y

made 1t less attractive. In order to use the model, items had to be

c¢lustered, and no rigorous means for doing the clustering has been

developed. Therefore, research efforts concentrated on the M2PL model. i

Estimatfion of Model Parameters

In order for a model to be useful, it must be possible to estimate the
parameters of the model. Once the M2PL model was selected as the model for
further research efforts, work was begun on developling procedures for
estimating the model parameters. Two different approaches were taken to solve
the estimation problem: (a) unconditional maximum likelihood, and (b)
conditional maximum likelihood. Once computer programs were developed for
these two approaches, they were validated using both simulated test data
generated from the M2PL model, and real test data that were selected because
of thelir multivariate properties. The estimation procedures and the results
of the program validation studies were presented in the publications and

papers listed belnw.




McKinley, R. L. and Reckase, M. D. (1983). MAXLOG: a computer program for
the estimation of the parameters of a multidimensional logistic model.

Behavior Research Methods and Instrumentation, 15(3), 389-390.

McKinlev, R. L. and Reckase, M, D. (1983), An application of a

mulridimensional extension of the two-parameter logistic latent trait model
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(Research Report ONRB3-3), Towa City, TA: The American College Testing

Prozram.

“eckase, M. D, and McKinley, R. L. (1982, July). Some latent trait theory in

+ muliidimensional latent space. Paper presented at the Invitational

oaterence on IRT/CAT, Wayzata, MN.

Seckoase, Mo Dy oand MceKinley, R. L. (1982, August). The feasibility of a

mnlidimensional latent trait model. Paper presented at the meeting of the

Anerican Psvehnlogical Association, Washington, D.C.

MeKiniew, Re Lo (1983, April). A multidimensional extension of the two-

parameror logistic latent trait model. Paper presented at the meting of

the National Council on Measurement in Education, Montreal.

Hoe¥inlev, R, ind Reckase, M, D, (1983, April). The use of IRT analysis on

dichotomou  ata from multidimensional tests., Paper presented at the

meering of  he American Fducational Research Association, Montreal,
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real test data that should be hierarchically related. However, the upper and
lower asymptotes did not appear to be needed for the particular real data set
that was analyzed. Further studies need to be done to determine whether this
is a general finding applicable to all hierarchically arranged modules, or
whecher it only applies to this case. If the c¢—- and e~parameters are not
needed, the model can be simplified to a two-parameter logistic model.

One problem with the use of the model became evident with the analysis of
the real test data. In order to accurately estimate the parameters of the
moadel, examinees must be routed to the higher level unit of instruction even
when they have not performed well on the lower level unit. This is poor
educational practice and, in many cases, this data collection procedure cannot
be followed. This makes it difficult to obtain data for use in estimating the
parameters of the model. Tt may be that the model will have to be modified to

accomodate the routing procedures that are currently heing used in modularized

instructional programs.
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k scale specified by the b-parameter is the suggested decision point on module
k for routing to module j if misclassification errors in either direction are
considered equally serious.

In order to evaluate this model, 1t was applied to both simulated and
real test data to determine whether the estimation procedures worked properly,
and whether it realistically represented actual test results. The outcome of

these studies were presented in the following documents.

McKinley, R. L. and Reckase, M. D. (1984). A latent trait model for

sequentially arranged units of instruction. Towa City, IA: The American

College Testing Program.

McKinley, R. L. and Reckase, M. D. (1984, April). A latent trait model for

use with sequentially arranged units of Instruction., Paper presented at

the meeting of the American Educational Research Association, New Orleans.

The studies showed that the parameters of the model could be accurately
estimated and that for one set of real test data, the model gave very
reasonable results. There was some indications, however, that the upper and
lower asymptote parameters might not be needed. It may be possible to

simplify the model to a two-parameter logistic form.

Summary and Conclusions

A model for the relationship between modules of instruction that are
hierarchically related was proposed and evaluated using both simulated and
real test data. The results of the studies showed that the model parameters

could be accurately estimated and that the model was a good representation of
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whiere Pi(”ik) is the probability of passing module j given level of

Tt ormance ‘ik of examinee 1 on prerequisite module k, Cj is the probabhility
ooassing module § if the examinee has not acquired any knowledge in module
-y v, is the probhabilitv of passing module j 1f the examinee has mastered
nodale o Do 1,70 a. s a parameter related to the strength of the

]

tetationstiip hetween the two modules, and b,

j is the difficulty of the passing

~oare used on module j. This model predicts the probability that an examinee
wi'l pass module j based on his/her performance on module k.

In order to use this model, estimates of achlievement are first obtained
on modnle ko This can either be done by analyzing the module k test using an
IKT model, or by converting Lhe raw scores on module k to z-scores. These
achievement measures are then used as known values and the model parameters
are estimated using a maximum likelihood estimation procedure.

A very low a-parameter estimate 1s an indication that the two modules are
not verv highlv related. A high a-value indicates that knowledge on module k
{s verv important for module j. A high estimate for the c-parameter indicates
chat examinees can perform well on module j even without mastering module k.

A low c=valne indicates that an examinee cannot perform well on module j
unless knowledge has bheen acquired on module k.

Estimates of the e-parameter indicate the maximum probability of passing
the j module given that the examinee has mastered module k., Low values
fndicate cthat module k contains only a small portion of the information needed
to pass module jo High values indicate that module k includes most of the
fnformation needed to pass module j.

The h-parameter estimates indicate the point on the module k scale that
best distinguishes belween persons who pass or fall module j. This point will

change wilh changes in the passing score on module j. The point on the module
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coefficients of dependence were found Lo provide insufficient {0 0o

validating the sequence of instructional units, or for set: oy oo

PV S

scores. The procedures based on mathematical models were ton !
potential, but the currently available procedures did nor <soee- e ‘ v
needs of instructional programs. There seemed Lo be a clear e

procedure that could be used to arrange units of instrucifon tar . 0y

based upon the prerequisite knowledge required hy each unit ot {aa:ry

N L .

and that could be used to set passing scores for each unit that wonl 195 -

the efficlency and accuracy of the routing process. The model vropo.et o

evaluated during this research effort was designed to perform these tunciions,
-l
The Module Characteristic Curve Model }
The basic idea behind the proposed model for the interrelationship i
between modules of instruction is that if two modules form a learning j

F
j
K

hierarchy, performance on the higher level instructional module is dependent

upon prerequisite knowledge obtained from the lower level module of

instruction. Thus, if sufficient knowledge has not been gained on the lower
level module, a high level of performance cannot be exhibited on the higher
level module of instruction. This implies that success on the higher module
is related to the level of performance on the lower module.

The probabilistic model that was hypothesized to describe the

relationship between hierarchically related instructional modules is given by

Da
e

(6,, = b.)

eDaj(eik - bj)

9 = — -
Pj( 1k) <:j + (1 cj ej) "
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scores on the tests are used to route the students through the units of

instruction. The purpose of this component of the project was to evaluate an

IRT-type model that had potential for assisting in determining the

interrelationships between the instructional units and in determining the

decision points that should be used with each unit test to minimize routing ;i
error. The model treats each unit, or module, of instruction as a complex Ti
item and hypothesizes a particular mathematical form for the interrelationship ;E
between performance on one module and the probability of successfully passing :3

§
the next module in the instructional program.

The first step in the evaluation of this model for performance in i'
instructional programs was to review the literature in the area called ;j
“"learning hierarchies” to determine what procedures were currently being used Ti
to evaluate the interrelationships between units of instruction and to set éj
passing scores on the unit tests. The information obtained from the review ]

"

would serve as a basis for comparison for the results obtained from the

Aok

proposed model. The review of the literature was presented in the following

e
VY

report. -
1
]
:‘:1
Reckase, M. D. and McKinley, R. L. (1982)., The validation of learning ;H
\':'i
hierarchies (Research Report ONR 82-2), TIowa City, TA: The American >
a College Testing Program. "
e e
. ]
a 7
- .
The review of the literature indicated that there were two general types .
® .
. -
b~, of procedures rhat had been nsed to indicate the relationships between o
- Oy
- Sy
- instraesional anits; thnse based on coefficients of dependence, and those CeY
. Y
p -
- Ly
t hased on o more comnlets description of the relatinnships belween units of \
r.' ]
: AENE T , msuallv a mathematical model., The procedures based on ]
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multidimensional extension of the two-parameter logistic model was selected as
a promising model for fucture work, FEstimation procedures were developed for
this model and the results were validated using simulated and real test

data. A theoretical foundation was layed for an interpretation of the item
parameters of the MIRT models, and definitions of mul:idimensional item
difficulty, discrimination, and information were developed. At this point, a
sufficient framework has heen developed to make multidimensional item response
theory a viable technique.

Although substantial advances have been made in the area of MIRT, even
more work is left to be done. The current estimation programs require
excessive amounts of computer time when more than two or three dimensions are
specified for a model. Work needs to be done to make estimation of the
parameter more efficient. Procedures are needed to determine the appropriate
nunber of dimensions for a set of test data, and procedures for indicating the
fit of the models o the data are needed. A related question is whether the
M2PL model is an accurate representation of the interaction between a person
and an item. This model implies that one ability can compensate for
another., Perhaps a model of this type is not appropriate. These and other

questions will be addressed in future work.

Models for Performance on

ﬁfi . Hierarchically Structured Training Materials
o
[>‘ Programs of instruczion are often composed of many short, homogenous
b -
b frs rnetional amfos that have heen arranved according to the logical
h.
-

he cantenty  Tnoamany cases, short tests are given (o

reolaciongins o

P e ot T Lol o f competenes ona unit of instruclion, and the
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The second point that became evident was that the locus of points of

inflection could change with the direction taken relative to the surface in
the multidimensional space. This is a direct consequence of the fact that the
slope at a point on the IRS is different in different directions. The
direction in the space is one way of indicating the composite of abilities
that is of interest.

In order to take these two points into account, a definition of
multidimensional difficulty was derived that was based upon a vector
conceptualization., The multidimensional difficulty of an item was defined as
the direction from the origin of the multidimensional space to the point of
steepest slope and the distance from the origin to the point of steepest
slope. Discriminaction of an 1item was related to the slope Iin the difficulty
direction at the point of the steepest slope. Information was also given a
directional interpretation. For a group centered at the origin of the space,
an icem is most informative in the difficulty direction. The item information
can also be determined in any other direction, but the maximum information
will be less than in the direction indicated by the multidimensional
difficulty,

The definitions of multidimensinnal difficulty, discrimination, and
information are general enough that they apply to any MIRT model that is
monotonically increasing in probability with an increase in any ability
dimension. The definition also includes the unidimensional definitions as

special cases.

Summary and Conclusions

This portion of the research project accomplished several important tasks

in the development of MIRT. A number of models were analyzed and the
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Reckase, M. D. and McKinley, R. L. (1683, April). The definition of

difficulty and discrimination for multidimensional {item response theory

models. Paper presented at the meeting of the American Educational

Research Association, Montreal.

Reckase, M. D. and McKinley, R. L. (1983, June)., The item difficulty concept

generalized to the multidimensional latent space. Paper presented at the

meeting of the Psychometric Society, Los Angeles.

Reckase, M. D. and McKinley, R. L. (1984, June). Multidimensional difficulty

as a direction and a distance. Paper presented at the meeting of the

Psychometric Society, Santa Barbara, CA.

Initial work in this area concentrated on deriving a direct
generalization of the interpretations of the difficulty and discrimination
parameters and item and test information from the unidimensional item response
theory models to the MIRT models. Since the difficulty of an item was defined
for the unidimensional models as the point on the ability scale corresponding
to the point of inflection of the item characteristic curve, multidimensional
difficulty was conceptually thought of as the point of inflection of the
multidimensional item response surface (IRS). An analysis of this approach
quickly made two 1lmportant points evident. First, for an IRT there is not a
single point of inflection, but rather a locus of points of inflection,
Depending upon the MIRT model and the dimensionality being considered, this
locus of poilnts of Inflection could bhe a straight line, a curve, a hyvperplane,
or a hypersurface. The complexity of the locus of points of inflection made

its practical application difficule,
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The study showed that the dimensionality of both the items and the iff
examinee population was important in interpreting the results of an M2PL -

T
i
P

analysis. T7f each item were a relatively pure measure of an ability, the

procedure obtained ‘ood estimates of the ability parameters, even when they

L]
'
FOR I,

were correlated. But, as the correlation between ability estimates increased,

1

Ll

W P Y SN

there was some deterioration of the accuracy of the estimates. When each item

¢« 1
LY s L
)

measured more than one ability, the effect of correlated abilities was more

extreme. As the correlation between abilities increased, the M2PL solution

T .

tended to collapse to a single dimension. The results seemed to imply the

need for procedures for oblique rotations to improve the recovery of the

L.

ability dimensions.

i

s

Interpretation of the Model Parameters T
When a MIRT model is used, estimates can be obtained for the ability and b

.

the icem parameters. The ability parameter estimates can be interpreted in a ’fﬂ;
. -f._1

fairly straightforward manner as the amount of ability a person has on each ;i}
) .

dimension, The item parameter estimates, however, do not have the same 4
3

intuitive meaning. Therefore, a major part of this project dealt with

T T
‘o g et

determining the MIRT model analogs to the unidimensional IRT item parameters

——
-
3

and the measures of quality, such as item and test information. The results

N

- of the work in this area were presented in the following documents.

I PO AR

{ McKinley, R. L. and Reckase, M. D. (1983). An extension of the two-parameter

logistic model to the multidimensional latent space (Research Report ONR83-

[

2 2). Towa City, IA: The American College Testing Program.
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The results of these studies showed that both the unconditional and
conditional maximum likelihood procedures could be used to estimate the item
and ability parameters of the M2PL model, but that the unconditional maximum
likelihood procedure required somewhat less computer time. However, both
procedures require fairly extensive computer facilities, and as the number of
dimensions in the model increased, the computer time required became
prohibitive. t was clear that improved estimation procedures were needed if
the M2PL model was to be widely used.

The validation of the estimation procedures yielded uniformly good
results when simulated test results were used. However, when real test data
were analyzed, the results were inconsistent. Some studies gave readily *
interpretable results that were in many ways similar to factor analvtic
results. In other studies anomolies appeared, such as highly negatively
correlated ability estimates that suggested that added constraints were needed

to control the estimation process.

In order to study the estimation process in more detail, the M2PL
procedure was used to analyze simulated test data that had been produced using
a multivariate ability distribution that had varying degrees of correlation
between the ahilities. The results of the study were presented in the

following report.

McKinley, R. L. and Reckase, M. D. (1984). An investigation of the effect of

correlated abilities on observed test characteristics (Research Report ONR

84~1). 1Iowa City, IA: The American College Testing Program.
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San Diego, CA 92152
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Martha Stocking
Educational Testing Service
Princeton, NJ 08541

Dr. Peter Stoloff

Center for Naval Analysis
200 North Beauregard Street
Alexandria, VA 22311

Dr. William Stout
University of Illinois
Department of Mathematics
Urbana, IL 61801

Maj. Bill Strickland
AF/MPXOA

UE168 Pentagon
Washington, DC 20330

Dr. Hariharan Swaminathan

Laboratory of Psychometric and
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University of Massachusetts
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Mr . Brad Sympson
Navy Personnel R&D Center
San Diego, CA 92152

Dr. John Tangney
AFOSR/NL
Bolling AFB, DC 20332

Dr. Kikumi Tatsuoka

CERL

252 Engineering Research
Laboratory

Urbana, IL 61801

Dr. Maurice Tatsuoka
220 Education Bldg
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Dr. David Thissen
Department of Psychology
University of Kansas
Lawrence, KS 66044

Mr. Gary Thomasson
University of Illinois
Educational Psyrhology
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Dr. Robert Tsutakawa
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University of Missouri
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Dr. Ledyard Tucker
University of Illinois
Department. of Psychology
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Dr. Vern W. Urry
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Office of Personnel Management
1900 E. Street, NW

Washington, DC 20415

Dr., David Vale
Assessment Systems Corp.
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Suite 310

St. Paul, MN 55114

Dr. Frank Vicino
Navy Personnel R&D Center
San Diego, CA 92152

Dr. Howard Wainer

Division of Psychological Studies
Educational Testing Service
Princeton, NJ 08540

Dr. Ming-Mei Wang
Lindquist Center
for Measurement
University of Iowa
Iowa City, IA 52242

Mr. Thomas A. Warm
Coast Guard Institute
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Oklahoma City, OK 73169

Dr. Brian Waters
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300 North Washington
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Dr. Edward Wegman

Office of Naval Research
Code U411

800 North Quincy Street
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Dr. David J. Weiss

N660 Elliott Hall
University of Minnesota
75 E. River Road
Minneapolis., MN 55455

Dr. Donald Weitzman
MITRE

1820 Dolley Madison Blvd.
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Major John Welsh
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Dr. Douglas Wetzel
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Navy Personnel R&D Center
San Diego, CA 92152

Dr. Rand R. Wilcox

University of Southern
California

Department of Psychology

Los Angeles, CA 90007
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Dr. Bruce Williams

Department of Educational
Psychology

University of Illinois

Urbana, IL 61801

Dr. Hilda Wing

Army Research Institute
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Educational Testing Service
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Dr. Martin F. Wiskoff
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San Diego, CA 92152
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Mr. John H. Wolfe
Navy Personnel R&D Center
San Diego, CA 92152

Dr. George Wong

Biostatistics Laboratory

Memorial Sloan-Kettering
Cancer Center

1275 York Avenue

New York, NY 10021

Dr. Wallace Wulfeck, T1I
Navy Personnel R&D Center
San Diego, CA 92152

Dr. Wendy Yen
CTB/McGraw Hill

Del Monte Research Park
Monterey, CA 92940

Major Frank Yohannan, USMC
Headquarters, Marine Corps
(Code MPI-20)

Washington, DC 20380

Dr. Joseph L. Young

Memory & Cognitive
Processes

National Science Foundation

Washington, DC 20550
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