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Kohe Adachi
Ritsumeikan University

Exploring Nonlinear Inter-Variable Relations By A Variant Of Nonmetric Principal Component Analysis

Let x; denote the jth column of an objects by variables matrix and let the mutually different K; valuesin x; be collected into y;=
[Vin.--.Yik]l' (intheincreasing order): for example, if x; = [6, 30, 14, 6, 30]', then K; =3 and y; = [6, 14, 30]'. Nishisato (2001) has
shown that nonlinear correlations between variables x;, which cannot be captured by linear PCA (principal component analysis), can
be found by treating valueyix asjust a nominal category j-k to be given score vector wi,with MCA (multiple correspondence analysis).
That is, the trgjectories connecting the resulting wy, and w;, ., may allow usto capture nonlinear correlations. However, if K;islarge
and scores to be obtained are too many, results may become unstable so that trajectories aretoo zigzag. To deal with this difficulty,
we propose a nonmetric PCA procedure, in which an objective function is defined as the sum of theloss function for MCA and a
penalty function requiring trajectories to be smooth splines. We report results of a simulation sudy and discuss the difference between
our method and the existing nonmetric PCA which is a constrained MCA technique with rank-one restriction.

Kohe Adachi
Ritsumeikan University

A Quas Tucker2 Method Based on Principal Component Analyses of Slices of a Three-Way Array

We present a quasi Tucker2 procedure for analyzing semantic differential rating data to capture perceptual and semantic structures
that subjects have. In the method, FG;B;'A’ isfitted for astimuli by adjectives matrix X; for subject i, where F; = FG; and A; = AB;
represent perceptual and semantic structures for i, respectively. For identification purpose, we consider the following constraint and
requirements. (1) F; is column-orthonormal. (2) F’sare similar to F (common percepts) and A;’sare similar to A (common
semantics). (3) A has simple structure. Without requirements (2) and (3), the optimal F; and A, fitting best, which we express as F,©
and A%, are obtained with the principal component analysis of X;. We can further let F; = FOT;Sand A; = A;OT;S meet (2) and (3)
without changing the goodness of fit, where T; and S are orthonormal rotation matrices. That is, requirement (2) ismet by obtaining T;
with akind of Procrustes method and (3) is achieved by obtaining Swith an orthomax method. Theresulting F, A, F;, and A; give G;
and B;. The presented method isillustrated with real data analysis.

Carolyn J. Anderson and Hsiu-Ting Yu
University of Illinois

Relationships Between Item Response Theory Models and Log-Multiplicative Association Models

L og-multiplicative association models, which are extensions of log-linear models and generalizations of Goodman's (1981, 1985)
RC(M) association model, can be interpreted as latent variable models. In thistalk, we discuss the relationship between log-
multiplicative association models and standard IRT models. Theoretical relationships between these model s are made using statistical
graphical models, Holland's (1990) Dutch Identity, and conditional specification of models. Empirical demonstrations of
equivalencies and Smilarities between the two classes of models are presented to backup the theoretical claims. The connections
yield insightsinto the model s themsel ves and provide potential methodological contributions to measurement, including away to
estimate model s without the use of numerical integrations, models with regressions on the latent ability, estimation of individuas
value on the latent variable as a by product of fitting the model to data, and generaizations to multidimensional models.
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Judit Antal
American Ingtitutes for Research

Tamas Antal
The Ohio State University

Assessing Rater Behavior in Large Scale Assessment

This proposal introduces a new method for assessing rater behavior in a Generdizability theory framework in cases when typical
multi-facet designs (either classical test theory or item response theory based) are not fully available dueto the nature of large-scale
testing Stuations. That is, for example, in a situation when asmall sample of student’ swork is randomly assigned to raters, which
makes it impaossible to apply meaningful fully-crossed or nested multiple facet designsdirectly. Scoring plans like this are designed
for cost efficiency and commonly used by testing firms.

Based on the new method all available maxima fully-crossed subsets of the response matrix are selected to perform atwo-facet fully-
crossed G-study for each of them. Loosdy speaking, maximal fully-crossed subsets are those for which afully crossed G-study
designisapplicable. Data for this study was obtained from the State of Ohio third grade Reading Achievement Test administered in
2003 October, which included seven constructed-response items, out of which asmall portion was double-scored by 100 trained,
randomly assigned raters. Generalizability analyses were carried out for 98 subsets. Variance components and generalizability
coefficients were estimated and compared for each of them.

Results show consistently excellent rater performance. The analysis also impliesthat the same conclusion on rater behavior could
have been obtained from a much smaller (and more economical) double-scored sample.

Tamas Antal
The Ohio State University

Judit Antal
American Ingtitutes for Research

Stability of Some Item Response Theory Monte-Carlo Goodness Fit Indices

The goal of the paper presentation isto report the results of an extensive stability study of some Item Response Theory Monte-Carlo
(MC) goodness of indices introduced earlier by the authors. By the nature of their definitionsthe values of the MC indicesin quegtion
contain asmall ambiguity. The natural question isthen the dependence of this variability of the MC indices on the specific
circumstances. More precisdly, we investigated the dependence of this uncertainty on the sze of the response matrix, on the actual
value of the goodness of fit index and, most importantly, on the size of the MC sample used to calculate thefit indices. The different
fit indices are a so compared with one another.

Theresultsindicate, that the MC fit indices show a remarkabl e stability with respect to the size of the MC sample. This observation
makes it possible to use the proposed indicesin rea test situations, since using an extremely small MC sample of 1000 response
matrices already gives acceptable precision and the computationa time are not significantly longer than that of the only
asymptotically understood “usual” goodness of fit indices.

Ron Armstrong
Rutgers Universty

Dmitry Belov
Psychometric Research Division, Law School Admission Council

A Method for Determining Multiple Non-Overlapping Linear Test Forms

A valuable resource for any testing agency isitsitem pool. This paper considers the problem of assembling multiple non-overlapping
linear test forms from an item pool. Knowing the maximum number of linear test forms supported by an item pool assists with
monitoring the pool and guides the development of new items. Test forms are assembled by solving asequence of integer
programming problems. |If specified conditions are satisfied, the procedure assures the assembly of the maximum number of linear
forms supported by the pool. If the conditions are not satisfied, multiple linear forms are assembled and an upper bound and a lower
bound on the maximum number of forms are provided. All integer programming problems are solved with commercialy available
software.
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Dmitry Belov and Alexander Weissman
Psychometric Research Group, Law School Admission Council

Combinatorial Analysis For Determining Item Pool Usability In Computerized Adaptive Testing

In acomputerized adaptive test (CAT), the extent to which test specifications and information constraints are met is necessarily
dependent on the characteristics of itemsin the pool. Thus, the number of non- or partially-overlapping CATsthat meet such
constraints for examinees within a specified ability rangeisa critical determinant of item pool usability. The usability question may be
addressed through combinatorial analysis of a CAT item pool, whereindividual CAT forms are assembled through Monte Carlo
sampling. The approach demonstrated here involves two steps for a given ability range: (1) generate alarge set of overlapping CAT
forms satisfying all test specifications and the particular information constraints associated with this ability range; (2) extract the
maximum subset of non-overlapping or partially-overlapping CAT forms. This second step isformulated and solved as a maximum
set packing problem. Applying this approach to a collection of ability ranges will estimate how well each ability range isrepresented
in the poal. In addition to providing lower bounds on the maximum number of available CATS, theresulting estimates can guide test
developersin the design of new items, acrucia component for maintaining an item pool. Computer experiments with operational item
pools and test specifications are presented.

Keywords: computerized adaptive testing; combinatorial optimization; set packing; test assembly; item pool anaysis

Coen A. Bernaards
AMC Cancer Research Center

ThomasR. Bdlin
UCLA

Joseph L. Schafer
The Pennsylvania State University

Robustness of A Multivariate Normal Approximation For Imputation of Incomplete Binary Data

Multiple imputation has become easier to perform with the advent of several software packages that provide imputations under a
multivariate normal model, but imputation of missing binary data remains an important practical problem. Here, we explorethree
aternative methods for converting a multivariate normal imputed value into a binary imputed value: (1) simplerounding of the
imputed value to the nearer of 0 or 1, (2) aBernoulli draw based on a*“coin flip” where an imputed value between 0 and 1 is treated as
the probability of drawing a 1, and (3) an adaptive rounding scheme where the cutoff value for determining whether to round to 0 or 1
isbased on anormal approximation to the binomia distribution. We perform simulation studies on a data set of 206,802 respondents
to the California Healthy Kids Survey, where compl ete cases are viewed as a finite population and incompl ete cases provide a basis
for imposing missing-data patterns. Fregquently, we found satisfactory bias and coverage properties, suggesting that approaches such
asthese that are based on gtatistical approximations are preferable in applied research than either avoiding settings where missing data
occur or relying on complete-case analyses.

Shelley A. Blozis
University of California, Davis

A Second-Order Structured Latent Curve Model for Normal Repeated Measures

This paper proposes a second-order structured latent curve model for the study of changein alatent variable. In a structured latent
curve moddl, the mean response of an observed variable measured at multiple time pointsis assumed to follow a smooth, nonlinear
function. A first-order Taylor polynomial taken with regard to the mean function defines elements of a factor matrix that may include
parametersthat enter nonlinearly. Stochagtic coefficients combined with the factor matrix produce individua latent curvesthat need
not follow the same form as the mean curve. This paper considers amodel for which multiple indicators of a construct are available,
and the latent variable is assumed to follow a nonlinear function that isinvariant to a constant scaling factor. An exampleis provided.
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Todd E. Bodner
Portland State University

The Leve -of-Imputation Question for Massively Missing Composite Variable Data

The present paper explores the use of multiple imputation for handling missing composite variable data when the items constructing
the composite variable are completely missing for some units (but data from other variables not in the composite are observed). In
this case, one can either impute scores at theitem level or the composite variable level. Does on€' s choice make a difference when the
compositeisused in analyses (e.g., multiple regression) with other data? A simulation study was conducted to explore this question.
We explored the relationships among three variables (X, Y, and Z) in the presence of completely missing data for composite variable
X (10 items) for some cases. From aknown covariance matrix, we drew random multivariate normal data samples of size 100,

deleted between 5% and 50% of the data for the composite variable under MCAR, and then imputed the missing data either at the
item leve or at the composite level to create “complete” data sets which were then analyzed. Our results did not find any important
differences (e.g., in statigtical power) across the two imputation strategies. However, as the percentage of cases with massively
missing data increased, sizable drops in statistical power were observed.

Daniel Bolt and Andrew Mroch
University of Illinais, Urbana-Champaign

Application of a Mixture IRT Mode for Cognitive Diagnosis

A system of congtraintsis applied to a mixture IRT model based on the cognitive skillsrequired by test items so as to permit student-
level diagnosis of item response patterns. A Bayesian approach to estimation of the mode subject to these constraintsis presented and
applied using a mixed humber subtraction dataset. Using several model comparison criteria, the current approach is evaluated against
previous models for diagnosis that have been applied to the same dataset. Extensons of the model to incorporate collateral
information are discussed.

Derek Briggs
University of Colorado, Boulder

Alicia Alonzo, Cheryl Schwab and Mark Wilson
University of California, Berkeley

Modeling Partial Information in Multiple Choice Items

In this presentation we describe the devel opment, analysis and interpretation of a novel item format we call Ordered Multiple-Choice
(OMC). A unique feature of OMC items isthat they can be linked to a model of student cognitive development for the construct
being measured. Each of the possible answer choicesin an OMC item islinked to devel opmental levels of student understanding,
facilitating the diagnostic interpretation of student item responses. OMC items seek to combine the validity advantages of open-ended
items with the efficiency advantages of multiple-choice items. On the one hand, OMC items provide information about the
developmenta understanding of studentsthat isnot available with traditional multiple-choice items; on the other hand, this
information can be provided to schoals, teachers and sudents quickly and rdiably, unlike traditional open-ended test items.

Test forms with OMC items were administered to 140 and 156 fifth and eight grade students, respectively, in the spring of 2002. Both
samples were also administered test forms with traditional multiple-choice (MC) items covering subjects such as earth science, life
science, physical science and scientific inquiry. We model the datawith both the Ordered Partition Model (Wilson & Adams, 1993)
and an extension of the nomina categories model (Thissen & Steinberg, 1986) that we call the Latent and Nomina Categories Model
(LNCM). Weillustrate two ways of interpreting sudent responses to the OMC items. In thefirst, one can evaluate the pattern of an
individual student’ s understandings across all items on thetest. In the second, one can evaluate classroom (or school) understandings
for each item on thetest.
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Derek Briggs
University of Colorado, Boulder

Mark Wilson
University of California, Berkeley

Generalizability Theory in Item Response Modeling

On the surface, Generalizability Theory (G Theory) and Item Response Theory (IRT) appear incompatible. Robert Brennan, for
example, writes* Generalizability Theory is primarily a sampling model, whereas Item Response Theory is principally a scaling
model.” In this presentation we introduce an approach we call Generalizability Theory in Item Response Moddling (GIRM). The
GIRM approach essentially incorporates the sampling model of G Theory into the IRT “scaling modd” by making distributional
assumptions about the relevant measurement facets. Given these assumptions, and taking advantage of the flexibility of Markov
Chain Monte Carlo (MCMC) estimation methods, it becomes possible to estimate G Theory variance components concurrently with
traditiona IRT parameters. We show how G Theory and IRT can be linked together, in the context of a single facet measurement
design with binary items, and amulti-faceted design with polytomousitems. Using simulated data and the software WinBUGS, we
demonstrate how the GIRM approach can produce results equivalent to those from a standard G Theory analysis. Some advantages of
the GIRM approach relative to IRT alone, or the sequentia use of IRT and G Theory, are discussed.

Michagl W. Browne and Guangjian Zhang
The Ohio State University

Exploratory Factor Analysis of Lagged Correlation Matrices

A model for the factor analysis of lagged correlation matrices that incorporates a stationary VARMA time series for common factors
ispresented. It allows rotation of the factor matrix together with appropriate transformations of parameter matrices associated with the
time series. Initial starting values and an iterative process for obtaining ordinary least squares estimates are provided. An exampleis
given.
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Claus H. Cargtensen
Christian-Albrechts-Universitét zu Kigl

Andreas Voss
Universitd Hamburg

Wilfried Bos
Université Hamburg

Reading Comprehension of Primary School Students- A Unified Cognitive Process or Interacting Component Processes?

For amaturereader”s point of view, reading appears to be an instantaneous and unified cognitive process. Under the scrutiny of
research, however, thisimpression is not accurate. From a cognitive psychology perspective, several interactive component processes
including word, sentence and text levels form the act of comprehension rather than one single unified process.

In 2001, the International Association for the Evauation of Educational Achievement assessed the reading achievement of fourth
grade studentsin the Progressin International Reading Literacy Study (PIRLS). The framework of this study distinguishes between
four different processes of reading comprehension:

- (1) tofocus on and retrieve explicitly stated information,

- (2) to make straightforward inferences,

- (3) to interpret and integrate ideas and information, and

- (4) to examine and eval uate content, language and textual elements.

These processes may not be observed independently of each other in an examination. Process (1) “retrieving information” rather
defines a precondition for a successful application of one of the other three processes. The second process may aswell be seen asa
prerequisite for the third one. In this paper we present the analysis of the interrel ations between these comprehens on processes for the
German primary school students using ConQuest (Wu, Adams & Wilson, 1998, 2004) astool for multidimensional IRT modelling.

The favoured model distinguishes two dimensions, one that combines (1) “retrieving information”, (2) “ straightforward inferences”
and (3) “interpreting and integrating ideas’ and a second dimension that combines (1) “retrieving information” and (4) “ examine and
evaluate content, language and textual elements’. It is assumed that the items|oad on different dimensions at the same time (Within
Item Multidimensionality WIM). Alternative models anadysed are @) a unidimensional model, b) athree dimensional WIM model
based on the processes (2), (3) and (4), each combined with process (1) and ¢) afour-dimensional subtest model.

Hua-Hua Chang
University of Texas, Augin

Jiahe Qian
Educational Testing Service

Pei-hua Chen and Ying Cheng

University of Texas. Augtin

Adjustment of Bib Data for Dif Testing

Nationa Assessment of Educationa Progress (NAEP) isagiant project and requires avariety of techniques of a complexity beyond
any simple survey. Differentia Item Functioning (DIF) analysisis one of the most important stepsin NAEP dataanalysis. Due to the
complex balanced incomplete block (BIB) design, the current DIF procedures are based on matching examinees with their total scores
on pooled booklets. Since difficulty levels often vary among different bookl ets, examineeswith same bookl et scores may not be the
same in ability. Such matching may cause misplacement and increase measurement errors. Clearly, establishing a common matching
criterion across pooled booklets becomes important. In this project we propose a simple approach of using the classical common item
equating to ensure compatibility in forming matching variables for the NAEP complex BIB design. We will focus on three specific
objectives:

1. Revising the method of forming matching variable so that the matching will be based on transformed bookl et scores after
common block equating/linking.

2. Evaluating the modified NAEP SIBTEST procedure and the NAEP Standardization procedure by using both simulated and
real NAEP data.

3. Deriving some analytic results to provide theoretical evidence about these improvements.
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Po-Hs Chen
National Yunlin University of Science and Technology

Wen-chung Wang
Nationa Chun Cheng University

The Influence of the Number and Magnitude of the Testlet on the Computerized Adaptive Testing

Thisresearch used the multidimensiona random coefficients multinomial logit model (MRCMLM; Adams, Wilson, & Wang, 1997)
to deal with the testlet effect in the computerized adaptive testing (CAT). Two variables, number and magnitude of the testlet, had
been used in thisresearch in order to know their influences on the ability estimation of CAT. Resultsindicated that the ignorance of
the testlet effect will make the variance of the latent trait smaller incorrectly and cause afake and higher reliability. These influences
are more serious when the number and the magnitude of the testlet are large. 1t suggested that when testlet effect isexisted in CAT
condition, testlet response model, but not item response model, should be used in the ability estimation and item selection procedure
in order to prevent incorrecte inference about the latent trait. Applications of the use of MRCMLM on the CAT with testlet effect had
been addressed in thisresearch.

Keywords: computerized adaptive testing, item response model, testlet, terstlet response model

Ying Cheng and Hua-hua Chang
The University of Texas, Austin
Yi Qing

Harcourt Assessment, Inc.

Two-Phase Item Selection with Realistic Content Balancing Constraintsin Computer Adaptive Testing

Computerized adaptive testing (CAT) has become a popular mode of educational assessment in the United States. The major

advantage of CAT isthat it provides more efficient latent trait estimates ( 0 ) by selecting items that fit examinees’ trait levelsfor
adminigration. Therefore, item selection is one of the coreissues of CAT, which encompasses topics such as measurement precision,
test security, item pool utilization, and content balancing etc. A CAT item-selection procedure, BAS, which is characterized by a-
gtratification with b-blocking, can improve exposure control and item pool utilization while maintaining high measurement precision.
It can a so be readily applied when the content balancing reguirement is smplified, i.e. when the number of items from each content
areaisfixed. In real practice, however, the number of items from a certain content area is often constrained by lower-and upper-
bounds. In this paper, three methods are proposed to address the realistic content balancing problem: (1) BASRC, which can be
viewed as an extension of the STR_C method; (2) Two-Phase content balancing with Multinomially distributed content specification
at the second stage (TPM); (3) Two-Phase item selection with “Freg” content specification at the second stage (TPF). Monte Carlo
studies are conducted using the three methods and the results are compared. It isdemonstrated that all the three methods can achieve
realistic content balancing. Among them TPF isthe best in terms of exposure control and item pool utilization.

Index terms: realistic content balancing, constraints, exposure control, a- gratify, item selection
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Christopher W.T. Chiu
Law School Admission Council (LSAC)

Visualizing Standard Error of Equating Using the Bootstrap and the SEER Methods

Test equating isatechniqueto adjust for minor differencesin scores appearing in different test forms used in psychological and
educational testing. One of the goalsin test equating isto ensure that test scores are comparabl e across test forms and/or test
adminigrations. The quality or the

accuracy of test equating can be evaluated through the standard error of equating. While analytical methods are commonly used to
derive or to estimate standard error of equating, the bootstrap method is an dternative when analytical solutions aretoo complicated to
be derived or are nonexistent. Kolen and Brennan (1995) stipulated the genera steps for using the bootstrap method to examine
standard error of equating. In the current study, the researcher takes a step further and develops agraphical procedure (SEER for
Equating) to visually estimate standard error of equating. The graphical procedure can (a) dynamically show the intermediate steps of
the bootstrap method and thus makes the bootstrap resampling process transparent to aid the equating process for computerized
adaptive testing, (b) depict multiple sources of statistical information in one display ---- including, for example, the score
distributions, the equated and the unequated scores of individual test takers, conversion tables, and conditional standard error of
equating, (c) provide a systematic scheme to convert data displayed in graphicsinto statistica indices by ways of € ementary matrix
manipulations, and (d) visually compare the results and impact of multiple equating procedures. A simulation based on the Law
School Admission Test (LSAT) score scaleis used to illustrate the graphical procedure.

Sy Miin Chow and John R. Nessdlroade
Univergity of Virginia

A Monte Carlo Comparison of Methods for Fitting Nonlinear Dynamic Models

Over the last few decades, devel opmentsin the field of dynamical systems have inspired researchers to formulate dynamic models
that could map onto observable psychological phenomena. However, most contemporary nonlinear analytic tools are exploratory in
nature, and researchers are very much in need of mode fitting tools that can provide a direct linkage between a mathematical model,
and a set of empirical data. Even though maximum likelihood is by far one of the most dominant gpproaches to model fitting, it isnot
well suited for fitting nonlinear dynamic models. In most instances, complex nonlinear constraints will have to be imposed on the
model toyield accurate parameter estimates (see e.g., Joreskog & Yang, 1996). In this study, | evaluate the applicability of an
extended Kalman filter approach to fitting nonlinear dynamic models. Monte Carlo simulations are used to generate data with
different degrees of missingness, and different magnitudes of measurement errors. | then assess the strengths and weaknesses of this
approach using datasimulated from (1) a static (no change) modd, (2) alinear change model, and (3) a nonlinear predator prey model
with aquadratic and an interaction term. The accuracy and computationa efficiency of this approach in comparison to other
conventiona model fitting approaches are discussed.

Hans Colonius
Oldenburg University

Ehtibar N. Dzhafarov
Purdue University

Multidimensiona Scaling of Fechnerian Distances

Fechnerian metrics (whether on discrete or continuous sets of objects) belong to avery genera class of so-called intrinsic metrics.
They need not be Euclidean, city-block, or other Minkowskian metrics traditionally used in MDS. Once Fechnerian distances are
computed from discrimination probabilities for afinite set of objects, however, they can be used to isometrically immersethe
configuration of objectsin alow-dimensiona Euclidean space, by applying a procedure of metric MDS to Fechnerian distances. The
results of such analyses are compared with those of nonmetric MDS applied directly to discrimination probabilities. Nonmetric MDS
of discrimination probabilities can only be used as a crude approximation, due to the violations of the basic assumptions of MDS: the
discrimination probabilities are generally asymmetric, and the probability of discriminating an object from itself (more generdly,
from its point of subjective equality) is not aconstant.
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Samuel Copt and Maria-Pia Victoria-Feser
University of Geneva

High Breakdown Inference in the Mixed Linear Model

Mixed linear models are used to analyse datain many settings. These models have in most cases a multivariate normal formulation.
The maximum likelihood estimator (MLE) or thereweighted MLE (REML) are usually chosen to estimate the parameters. However,
the latter are based on the strong assumption of exact multivariate normality. Welsh and Richardson (1997) have shown that these
estimators are not robust to small deviations from the multivariate normality. This meansin practice for example that a small
proportion of data (even only one) can drive the value of the estimates on their own. Since the model is multivariate, we proposein
this paper ahigh breakdown robust estimator for very general mixed linear model s that include for example covariates. Thisrobust
estimator belongs to the class of S-estimators (Rousseuw and Y ohai, 1984) from which we can derive the asymptotic properties and
inference toals. In particular, we propose robust proceduresfor testing contrasts and multivariate hypothesis. We also use the robust
estimates as a diagnostic toal to detect outlying subjects. We discuss the advantages of this estimator compared to other robust
estimators proposed previously and illustrate its performance with simulation studies and real data.

AnnaVillaT. Dagohoy and Cees A.W. Glas
University of Twente

Lagrange Multiplier Person Fit Testsfor Polytomous IRT Models

A class of person fit tests based on Lagrange multiplier testsis presented for three item response theory models for polytomous items:
the generalized partid credit model, the sequential model and the graded response model. It is shown that these tests can aso be used
in the framework of multidimensonal ability parameters. A simulation sudy of the power and Type 1 error rate is presented. Further
it isinvestigated to what extent the three models can be distinguished using person fit gatistics. Findly, an example using datafrom
NEO Personality Inventory-Revised is presented. Thistest battery consists of a set of sub-scales to which the multidimensional
versions of thethree IRT models for pol ytomous items are fitted. Person fit in to the subscalesis assessed with and without using
auxiliary information from the other subscales.

Key words: item response theory, person fit, model fit, multidimensional data

Tim Davey and Elizabeth Stone
Educational Testing Service

A trend model for monitoring item security under continuous testing

Although continuous testing offers practical advantages to both examinees and testing organizations, it also entails considerablerisk.
The concern isthat examinees can take advantage of the fact that items are exposed repeatedly across testing occasions and so breach
security. Ideally, monitoring al itemsfor changesin their performance characteristics over time could identify dangerously over-
exposed items. Unfortunatdly, effectively measuring gradual, subtle change presents some formidabl e statistical challenges.

Most monitoring statistics take either of two basic approaches, both of which have their drawbacks. The first isto work continuoudy
and cumulatively, basing results at any time on all data collected to date. The down sideisthat change will not be recognized until the
proportion of more recent, nonconforming responses outweighs the proportion of older, more conforming responses. The second
approach isto work discretely, conducting a series of analyses on batches of data gathered within a given timewindow. Although this
should allow gradual change to be more readily detected, the smaler samples available at each point rob the statistics of power.

We propose an approach to monitoring change that isbased on modeling trendsin item performance over time. The trend model
makes the reasonabl e assumption that with repeated exposure and widespread prior knowledge, an item will gradualy become easier
and less discriminating. However, the rate and manner in which items manifest these expected changesis more difficult to assert. As
a starting point, we will assume that itemschange in the smplest possibleway, as a linear function of the number of occasionson
which an item has been administered. More formally, we will assume that items generally accord with alogistic IRT model, but that
the parameters of the model change over time.

A Bayes approach will be described for estimating the “trend” parametersfor each item acrossits multiple administration occasions.
Thetrend model will be evaluated through application to both smulated and actual datasets. Strategies for testing whether agiven
item has changed sufficiently to warrant action will also be discussed.
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Paul de Boeck
K.U.Leuven

Double Structure Item Response Models

Structural equation models are single structure model s because they explain the structure of the variables based on one mode of the
data (the person mode). For three-mode data, for example, person x situation x variable data, two different modes are available to
describe the structure of the variables (the person mode and the situation mode), so that a double structure model can be defined. The
model we have formulated for such adouble structureis a logistic mixed model for ordered-category data (an item response model).
For each of the observed variables (k=1, .., K), two different latent variables are defined: a latent person variable, 6y, and alatent
situation variable, By, and structural relations are formulated between the latent person variables and between the latent Situation
variables. These structures explain the relations between the variables over persons (p=1, .., P), and over situations (s=1, .., S),
respectively. The basic formulafor binary dataislogit(Y pg=1) = Op« + Bs -

A KxK matrix I definesthe latent relations between the 8s, and a KxK matrix A definesthe latent relations between the 3s. The
exogenous latent person variables are normally distributed random variables, and the endogenous latent person variablesinclude a
normally distributed error term. The latent situation variables can be treated in the same way, which would requite random item
effects, but in this presentation only fixed effects will be used. The endogenous latent Situation variablesinclude an intercept. The
model isbased on a multidimensiona extension of the MIRID (Butter, De Boeck & Verhelst, 1998), and a new view on that model.
The double structure models (DSMs) will be illustrated with a study on anger and irritation. The results show that in both structures (I
and A\) anger and irritation are based on both frustration and an antagonistic action tendency, but that anger relies more on the latter,
whereas irritation relies more on the former.

Paul de Boeck
K.U. Leuven

Explanatory Measurement: A Case Study of Modeling Coping With Stress

Coping with gressis often studied from a dispositional point of view, and is as such measured through questionnai res and sum scores
derived from these. Either the subscales are constructed a priori (deductive method) or they are based on factor analysis (inductive
method). On the other hand, coping with stressis also considered to be situation dependent, and therefore questionnaires have been
constructed on how people cope with sressin specific situations—these questionnaires lead to individual -differences measures, but of
a situation-specific kind. Whether a dispositional or asituational perspective istaken, the measures are of a descriptive kind. They do
not explain coping responses. Explanation often follows in a next step when the measures are correlated with external variables.

As an alternative we constructed a questionnaire with two side-by-side questions for each situation. For each of 12 situationsit was
asked how stressful the experience would be, and what the coping response would be, so that the coping response can be related to the
degree of stress. For example, based on a biological theory on stress (Taylor et al., 2000) we expect that, for females but not for males,
atending response (caretaking) is positively related to the degree of stress. The data are analysed with a rating scale model,
complemented with two linear functions. one that links the situationa tending parameter to the corresponding situational stress
parameters, and onethat linksthe two underlying person parameters. Using this model we do not just describe the degree of tending in
response to stress (as expressed in the situation and person parameters) but the degree of tending is aso linked, over both situations
and persons, to how stressful situations are experienced. This linkage iswhat makes the measurement explanatory.
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Jmmy delaTorre
Rutgers Universty

Improving the Accuracy of Ability Estimates through Simultaneous Estimation and Incorporation of Ancillary Variables

In typical testing situations, multiple tests that measure correl ated abilities are administered to examinees at the sametime. In addition
to item responses, background information about the examineesis routindly available. It has been shown that more accurate estimates
can be obtained when all the tests are used simultaneoudly in estimating the abilities, and more precise inferences can be made when
background information are used in estimation. The primary purpose of this paper isto integrate both sources of additional
information into one single model in improving ability estimation. Using a simulation study, the impact on ability estimates of the
number of tests, the length of tests, the strength of relationship between the background information and the underlying abilities, and
the degree of correlation between the abilities were studied. Compared to a baseline method where abilities are estimated using a
single test without considering background information, this study shows that better ability estimates are obtai ned when multiple short
tests that measure highly correlated abilities, and background information that correlate highly with the abilities are available.
Moreover, resultsindicate that using both sources of information simultaneoudly yields better estimates than using either source

singly.

Jmmy delaTorre
Rutgers Universty

Jeffrey A. Douglas
University of Illinois

Model Evaluation and Selection in Cognitive Diagnosis: An Analysis of Fraction Subtraction Data

Three modelsfor cognitive diagnosis are studied, and areillustrated with an application to fraction subtraction data. The objective of
each of these modelsisto classify examinees according to their mastery of skill assumed to be required for fraction subtraction. We
consider the DINA model and two versions of the NIDA models. For each of these models, the joint distribution of the indicators of
skill mastery is modeled using a single continuous higher-order | atent trait, to explain the dependence on the mastery of distinct skills.
Several techniques for comparing model s and assessing goodness-of-fit are discussed and are implemented with the fraction
subtraction datawith an aim of selecting the best of three models for this application. Markov chain Monte Carlo agorithms for
parameter estimation and mode fitting are extended and developed. Simulation results are presented to examine the performance of
these algorithms.

Mark de Roaij
Leiden University

The Anaysis of Change, Newton’s Law of Gravity and The RC(M) — Association Model

Newton's law of gravity states that the force between any two objectsin the universeis equa to the product of the masses of the two
objects divided by the square of the distance between the two objects. It will be shown that this law isvery well applicable to the
andysis of social change where the number of people changing their behavior from category ato b isa measure of force and the goal
isto obtain estimates of mass for the two categories and an estimate of the distance between them. In order to provide a better
description of the data dynamic masses and dynamic positions will be introduced. It will be shown that this generalized law of gravity
is equivalent to Goodman's RC(M) -association model.

Keywords: Euclidean distance; two mode distance; distance association model; longitudina data; square contingency tables.
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Hui Deng
The College Board

Tim Andey
The University of lowa

An Investigation of Stratified and Maximum Information Item Selection Proceduresin Computer Adaptive Testing

The maximum Fisher information procedure (F) isa commonly used CAT item selection procedure; it leads to great test efficiency
with very unbalanced item usage. The a-stratified multistage CAT (STR) was devel oped to remedy the item usage problem with F,
and was found to effectively balance item usage with reduced test efficiency. To address the efficiency loss, arefined sratification
procedure was proposed that alows unequal item exposure across strata (USTR). This study compared the three procedures, adong
with completely random item selection (RAN) with respect to test efficiency and item usage through CATs smulated under test
conditions varied in terms of content and exposure constraints and item sel ection space.

Theresults showed that F had an apparent efficiency advantage over STR and USTR under unconstrained item sel ection with poor
item usage. USTR reduced error variances relative to STR under various conditions, with small compromisesin item usage.
Compared to F, USTR achieved a similar efficiency level with improved item usage when items were selected under exposure control
and the item selection space was restricted by long tests or a stringent security criterion. The results provide implications for choosing
an appropriate item selection procedure in applied settings.

Lou DiBello
Educational Testing Service

Jon Templin and Bob Henson
University of Illinois

Applicationsto Operational Tests—Next Generation TOEFL

A description of the evidence centered design of the Next Generation TOEFL, development of a framework for skills to be reported,
and application of Arpeggio for modeling and scoring.

John R. Donoghue
Educational Testing Service

Estimation of Proficiency Distributions from Matrix Sample Assessments: Context and Current Procedures

Large-scale educational surveys differ from more traditional student assessmentsin avariety of ways, including the main target of
inference. Accurate estimates of group and population statistics are the focus of the andysisof large-scae educational survey data
and the methodol ogies used to achieve that goal differ from the more traditional methods focused on precise estimates of individual
proficiency. This presentation will provide a technical discussion of the current methodology used to estimate proficiency
distributions in these assessments.

Jeff Douglas, Louis Roussos, and Bill Stout
University of Illinois

Introduction to Profile Scoring

A generd framework is presented for student profile scoring. A short description is provided of the use of Bayes | nference Networks,
and Evidence Centered assessment design. The focusis on the Arpeggio system for profile scoring.
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Amy R. Dresher, John R. Donoghue, and John Mazzeo
Educational Testing Service

Comparing Bias, Precision, and Stability of Estimation of Group-Level Statistics Based on High Dimensional and Low Dimensional
Population Models

Traditionally, al variables and principal interactions are included in a single population estimation model, extracting the subgroup
performance of all subgroups (e.g. females, Hispanics, etc) from that singlemodel. Alternatively, each subgroup level could be
estimated in its own population estimation model, thus providing unbiased estimates of all variables, not just those specified in the
conditioning model. A simulation study is currently being conducted which compares the estimates of both methodsto the true
sample values, thus allowing the bias and RM SE to be compared across the estimation procedures.

Ehtibar N. Dzhafarov
Purdue University

Hans Colonius
Oldenburg University

Fechnerian Scaling of Discrete Object Sets

Fechnerian Scaling of Discrete Object Sets (FSDOS) isamethod that imposes a metric on a discrete set of objects based on the
probabilities with which these objects are distinguished from each other (i.e., judged to be different) by an individua or group of
respondents. The method does not presuppose a monotone relation between discrimination probabilities and distances, the
discrimination probabilities may be asymmetric, and the probability of discriminating an object from itself (more generaly, from its
point of subjective equality) may not be the same for all objects. The only requirement is Regular Minimality, introduced by present
authors in the context of Generdized Fechnerian Scaling as the fundamental property of discrimination probabilities. In FSDOS
Regular Minimality meansthat each row in the matrix of pairwise discrimination probabilities should contain a minima entry which
should also be minimal in its column.

Michad C. Edwards and David Thissen
The University of North Carolina, Chapel Hill

Defining and Finding Optimal Designsfor uMFS CATs

In amulti-stage CAT, the examinee responds to some small fixed set (“block™) of items, after which adaptation takes placein the
choice of the next block of items to be administered. An advantage of thistype of CAT design over traditiona item-selection systems
isthat the blocks of items are assembled in advance, so many aspects of test assembly can be done by test specialists (likely computer-
assisted) at leisure instead of by real-time item-selection algorithms. In addition, it is possible to avoid the issue of exposure control
by designing a multi-stage testlet CAT that yields (nearly) uniform item exposure. Accomplishment of this goal would control
“absolute exposure for expected candidate volumes,” as opposed to exposure rates.

Optimal assignment of itemsto blocks hinges on the definition of “optimal” and the selection of an algorithm to accomplish this
assignment. The focus of the current research is on determining components for an objective function and the choice of an
optimization algorithm.
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Wilco H.M. Emons
Tilburg University

Person-Fit Analysisfor Polytomous Itemsin Personality Assessment

Personality indicatorsincreasingly play an important role in individual decision-making and diagnosisin, for example, health risk
assessment, jurisdiction, and job selection procedures. Accumulated evidence showed that response faultiness may seriously thresten
the validity of the outcomes of a personality assessment. Examplesinclude malingering, faking, and carelessness. Person-fit analysis
is apsychometric method for the detection and diagnosis of response faultiness as reflected in the pattern of item scores. Most person-
fit approaches assume dichotomous item scoring, and the properties of the approaches are investigated mainly in the context of
cognitive assessment and educational testing. For exampl e, the applicability to identify testees who suffered from severe test anxiety.
Personality assessment is different from cognitive assessment in that personality items measure typical performance, whereas
cognitive items measure maximum performance. In addition, personality questionnaires often use polytomous item scoring (e.g.,
Likert scales). In this presentation, | will consider generaizations of person-fit approaches to polytomous itemsin the context of
personality assessment. These person-fit approaches are based on nonparametric and parametric item-response theory models, which
areincreasingly used for evaluating the psychometric properties of personality tests. Results from simulation studies, aswell asreal
data examples from health psychology, will be presented.

Elena A. Erosheva
University of Washington

Bayesian Egimation of a Latent Trait Modd with Bounded Continuous Latent Variables

Given discrete responses, the assumption of a bounded latent continuum can be plausible in many applied problems. Consider, for
example, an opinion survey where we expect extreme responses from pro- and anti- groups as well as mixed responses from less
opinionated individuals. The Grade of Membership (GoM) model, devel oped in the context of medical diagnosis (Woodbury, Clive
and Garson 1978), assumesthat individuals have mixed membership over extreme categories. The latent variablesin the GoM model
are nonnegative individua membership scores which add up to unity. The GoM model can also be viewed as a constrained latent class
model and as afactor analysismodel for discrete data.

Membership scores and extreme categories are usually unknown. This paper presents a Bayesian approach for estimation of the GoM
model parameters treating membership scores as latent realizations of random variables. Although the standard GoM model hasa
hierarchical structure, full conditional distributions are intractable. Using a constrained latent class representation of the GoM model,
we obtain a posterior distribution of the model parameters by augmentation the data with the latent class indicators. Exampl es of
andyses of simulated and real data are presented.

Xin Feng
CTB/McGraw-Hill

Zhiliang Ying
Columbia University

Detection of Differential Item Functioning in Computerized Adaptive Testing Using Measurement Error Models

Differentia item functioning (DIF) is an important issue in large scale standardized testing. DIF refers to the unexpected difference in
item performances among groups of equally proficient examinees. Its presence could serioudy affect the validity of inferences drawn
from atest. Thisarticle addresses DIF analysis in the context of computerized adaptive testing (CAT). In a CAT, DIF item may be
more consequential and more deteriorative.

We propose simultaneous implementations of online calibration and DIF testing. Under any specific parametric IRT model, we can
use the (online) estimated latent traits as covariates and fit a nonlinear regression model to each of the two groups. Because of the use
of the estimated, not thetrue ability, the regression fit hasto adjust for the covariate “measurement errors’. We devel op two bias-
correction methods for the Rasch and 2PL model s using asymptotic expansion and conditional score theory. After correcting the bias
caused by measurement error, one can perform a significance test to detect DIF with the parameter estimatesfor different groups.
Extensive simulation studies show that the resulting methods perform well. More general method for 3PL and partial credit modelsis
also discussed.
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Tron Foss, Karl G. Jareskog, UIf Henning Olsson
Norwegian School of Management Bl

Doesthe Satorra-Bentler Scaled Chi-Square Statistic Approximate Zero When the Kurtosis Approximates Infinity?

In this study we demonstrate how the Satorra-Bentler Scaled Chi-square statistic is affected by (excessive) kurtosis in the observed
data.

More specifically we address how different levels of univariate kurtosis affect the chi-square values (and therefore fit-indices) for
m]
misspecified factor models. We also outline a formal proof that the probability limit F, of F tendsto zero when the kurtosistends to
infinity. Thiswill be valid for awhole class of structural equation models.
Keywords: Scaled Chi-sgquare statistic, asymptotic covariance matrix, kurtosis.

Laurence E. Frank and Willem J. Heiser
Leiden University

Statistical Inference in Feature Network Models and Additive Trees

Feature Network Models (FNM) are a particular class of graphical structuresthat represent

proximity data in a discrete space while using the same formalism that isthe basis of least squares methods used in multidimensiona
scaling. Additive trees are a special case of FNM because the distances between n objects can be expressed in terms of a specific set
of 2n-3 distinctive features.

Existing methods to derive a network model from empirical data only give the best fitting network and yield no standard errorsfor the
parameter estimates. The additivity properties of networks make it possible to consider both FNM and additive trees as univariate
multiple linear regression problems with positivity restrictions on the parameters, which forms a starting point for statistical inference.
Theoretical standard errorsaswell as empirical standard errors have been obtained for the parameters of the FNM. 1t will be shown
that the same method for gatistical inference can be applied to additive trees.

Keywords: Additive trees, distinctive features model, graphs, Monte Carlo simulation, nonnegative least squares, statistical inference.

Furong Gao
CTB/McGraw-Hill

Empty Bubble: Which Test Form Should the Response Be Scored With?

The Problem arises when more than one test form is administered and generic answer sheet is used for al the forms. If a student did
not indicate which form he took by filling proper bubble for the test form, method needs to be developed to score the student
responses. This paper compares several IRT-based methods to assign test form to students who left the bubble for test form blank
including some commonly used person-fit statistics. Simulation is conducted to calculate error rate for each method.
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CeesA.W. Glas
University of Twente

Violations of Ignorability in Computerized Adaptive Testing

Using auxiliary information and alowing item review in computerized adaptive testing produces a violation of the ignorability
principle for missing data (Rubin 1976) that may bias parameter estimatesin IRT models. However the violation of ignorability does
not automatically lead to bias. In this paper, two situations are distinguished.

1. Estimation of the proficiency parametersis computerized adaptive testing using auxiliary information about proficiency and
allowing item review, where the item parameters are considered know. Both andytically and through simulation studiesit is shown
that the violation of ignorability does not lead to agrossinflation of bias.

2. Cdlibration of item and population parameters using maximum marginal likelihood estimation. Through simulation studiesit is
shown that violation of ignorability due to the use of un-modelled auxiliary information about proficiency and allowing item review of
doesresult in bias. An analytical explanation of theresult is given.

Keywords. computerized adaptive testing; ignorahility; item calibration; marginal maximum likelihood; missing data; sampling
design.

Cees A.W. Glas and Jean-Paul Fox
University of Twente

Analysis of Variance and Regression Using Multilevel IRT

It isshown that measurement error in predictor variables can be modeled using item response theory (IRT). The predictor variables,
which may be defined at any level of an hierarchical regression model, aretreated as latent variables. The approach entailsthe
definition of amultileve linear model, where latent variablesfrom IRT measurement models are entered either as dependent or as
independent variables. Theresulting modd is the so-called multilevel IRT model (MLIRT model, Fox & Glas, 2001, 2002, 2003).
The normal ogive model is used to describe the relation between the latent variables and dichotomous observed variables, which may
be responses to tests or questionnaires. It will be shown that the multilevel model with measurement error in the observed predictor
variables can be estimated in a Bayesian framework using Gibbs sampling. An example usingreal datais given (Shalabi, 2002). The
data were a cluster sample of 3,384 grade 7 studentsin 119 schools. At student level the variables were gender, SES, and 1Q. At
school leve: leadership, school climate and mean-student-1Q. The dependent variable was a mathematicsachievement test. The 2-
parameter normal ogive model was used to model the responses on the leadership and school climate questionnaire and the
mathematicstest. It is shown that using the MLIRT model leads to a significant increase of the proportion of variance explained.

Irina Grabovsky and David Swanson
National Board of Medical Examiners

An Application of Integer Programming to Optimal Test Assembly with Psychometric and Scheduling Constraints

Integer programming is one of several theoretical approachesthat has been used to construct test forms from item banks according to
test specifications. Typically, the test specifications concern the statigtical characteristics and content coverage desired for test forms.

This study addresses issues of test assembly in the setting of a performance-based test of clinical skillsin which lay persons
(standardized patients— SPs) portray patient rolesin a series of smulated clinical encounters. Examinees (physicians-in-training)
interact with SPs asif they were real patients, and SPs rate examinee performance at the concluson of each simulated encounter. The
test is administered throughout the year at multiple regional sites, and test form construction must take into account the number of
examinees to be tested, the work schedules of SPs, and the patient roles available SPs have been trained to portray, aswell asthe
content and statistical specifications for test forms. Thus, the new issue in form construction is to assemble collections of test forms
that simultaneously meet content, statistical, and scheduling requirements.

We provide an example of such a scheduling problem solved by the linear programming package CPLEX for one set of sessions for
each day of one week. We explore possible addition of controlling case and SP exposure while s multaneously ensuring scheduled SP
work hoursfall between reasonabl e minimum and maximum val ues.
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Kevin J. Grimm, John J. McArdle, and Fumiaki Hamagami
Univergity of Virginia

Growth Mixture Modeling of Cognitive Abilitiesin the Berkeley Studies

Research on the devel opment of intelligence has focused on the differentia devel opment of multiple cognitive abilities, but hasnot
fully considered model s with multiple groups of subjects with different patterns of devel opment (McArdlie and Nesselroade, 2003).
Most multiple group models are of known groupings (i.e. gender, education) but there may be clustersof individualswith distinct
growth patternsthat are not well defined in termsof demographics. Averaging across these latent classes could lead to false
conclusions about developmental patterns and theory. Recent advancesin structura equation modeling, including growth mixture
modeling (Nagin, 1999; Muthén & Muthén, 2000), have allowed further investigation of the clustering of individuals based on
developmentd trends. The clustering of participantsin the development of vocabulary and memory ability isinvestigated in the
Berkdey Growth (BGS) and Guidance (GS) studies using growth mixture models. A three class growth mixture model best
characterizes the trends of the participants devel opment in vocabulary and memory. The vocabulary classes were related to the
sampling of participants (BGSvs. GS), educational attainment of participants and parents, and early childhood 1Q. The memory
classes were al so associated with the sampling of the participants and childhood 1Q.

Adam R. Hafdahl
University of Missouri-Columbia

Refinements for Random-Effects Meta-Analysis of Correlation Matrices

Consider the meta-ana ytic problem of combining sample correlation matrices across k independent studies. Available methods
accomplish this under fixed- and random-effects models. The conventional fixed-effects approach, which employs generalized least
squares, has been improved appreciably by two refinements; using initia estimates of the common corrdations (p) instead of
observed correlations (r;) in the conditional covariance matrices that serve as (inverse) weight matrices, and analyzing Fisher Z-
transformed correlations instead of Pearson correlations. The present paper extends these refinements to the random-effects case
where both the between-studies mean (1) and covariance-component matrix (T) of study correlations (p;) are estimated. One choice
concerns using estimates of i, versus p; in the conditional covariance matrices. These options, aong with the Fisher-Z modification,
were evaluated in aMonte Carlo study. Other factorsincluded k and mean within-study sample size. Random-effects data generated
from a six-element mean correlation matrix were analyzed by conventional and refined methods, each of which yields estimates of i,
and T. Interms of e ement-wise estimation and inference, dl five refined methods outperformed the conventiona approach,
especially with many small studies. The superior method varied, however, according to the focal parameter (i.e., pp vs. T). Practical
recommendations are discussed.

Ellen Hamaker and Peter Molenaar
University of Amsterdam

Towards an Integration of Intraindividual and Interindividua Techniques

It has been acknowledged that measurements contain both stable, trait-like properties and temporal, state-like properties. Although
there are severa methods and models to disentangle these properties, al of these approaches are based on two rather restrictive
assumptions: (1) the state structure isidentical acrossindividuals, implying that the way individuals differ from themselvesis
universal; and (2) the gate structure and the trait structure are identical, implying that the way individuals differ from themselvesis
the same as the way individuals differ from each other.

A new model ispresented called the integrated trait state model, which consists of a combination of intraindividual and interindividual
techniques. In thismodd individuals may differ from each other with respect to their state structure, and as a logical consequence the
trait gructure and the state structure may differ from each other.

It isshown what the consegquences are when dataare generated by this model, and andyzed with standard factor andysis.
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Jeffery Harring
University of Minnesota

Statistical Methods for the Analysis of Repeated Measurements Data: A Model Comparison Approach

In particular research domains, mixed-effects models are employed exclusively for analyzing repeated measures datain which the
within-subject profile is decidedly nonlinear. The goal isto summarize the average change process in the population, while
concurrently describing individual patterns of devel opment. In other research settings, latent curve models are used to characterize the
nonlinear relationship between individual responses and occasion of measurement. Unlike their mixed-model couterpart, the focus of
these analysesistypically on theindividual. The average response necessarily follows a specific nonlinear function, however
individual profiles need not take the same functional form. This approach to latent curve analysisis closein spirit to a mixed-effects
model analysis and suggests that they would yield comparable results when used on the same repeated measures data. Two competing
methods, suggested by Sheiner and Beal (1980) and Lindstrom and Bates (1990), for estimating the nonlinear mixed-effects model
will be reviewed and compared with a sructured latent curve approach proposed by Browne and Du Toit (1991) and Browne (1993).
Similarities of these three models will be assessed by comparing individuals' fitted curves aswell asthefit of the mean vector.

Jennifer P. Hatfield
University of Minnesota

A Comparison of Dichatomous and Nominal Polytomous Item Response Theory Models as Applied to Multiple Choice Test Items

Relativey little research is available regarding the application of nominal response IRT models to educational dataand comparisons
are scarce among the several nominal models now available. This study compared item, test, and test score characteristics resulting
from the application of dichotomous and nomina IRT modd s to data from a large-scale multi ple-choice K-12 achievement test. Two
dichotomous model s—the two- and three-parameter logistic (2PL and 3PL respectively)—and three nominal models—the nominal
models of Bock (BNR), Samgjima (SNR), and Thissen (TNR)—were used to calibrate items and score examinees.

All models showed fairly strong agreement in termsof rank ordering of correct-option parameter estimates. Therewasfairly strong
agreement among the 3PL, SNR, and TNR in terms of rank ordering of parameters associated with guessing. Per degree of freedom,
nominal models had smaller item chi-square fit statistics than dichotomous models. The more complicated nominal models (SNR and
TNR) did not appear to result in a marked improvement in model-data fit. Nominal models had greater information across the range of
ability. Finally, rank order of ability estimates was very similar across the dichotomous and nominal models. However, nomina
scoring returned higher, and somewhat less variabl e, ability estimates than dichotomous scoring.

Todd C. Headrick
Southern Illinois University-Carbondale

Distribution Theory for the Power Method

The power method is a moment-matching procedure (Fleishman, 1978, four moments; Headrick, 2002, sx moments) that generates a
class of non-normal digtributions often used in Monte Carlo studies involving achievement and psychometric measures. The primary
advantage of the power method isthat it provides computationally efficient algorithmsfor simulating multivariate datawith arbitrary
correlation matrices (Vae & Maurelli, 1983; Headrick, 2002; Headrick & Sawilowsky, 1999). A problem with the power method
transformation isthat its exact distribution isunknown. Specifically, the transformation’s probability density function ( pdf) and
distribution function have not been defined. Thus, in generd, it is difficult to determine the (a) modality (uni- or multi-modal), (b)
location of the mode(s), (c) tail densities, (d) peakedness, and (€) quantiles for distributions generated by the power method. This
presents a problem in terms of the power method’ s general ability to simulate the shapes of non-normal distributions.

Therefore, the purposes of this presentation areto derive the power method’ s pdf and inverse distribution function. Thus, and in the
context of the class of distributions associated with the power method, this will enable the research methodol ogist to (a) determine
whether or not adigtribution isalso avalid pdf, (b) calculate probabilities associated with pdfs, (c) classify a distribution in terms of its
modality, (d) locate the mode(s) of a distribution, and (€) plot the graph of a distribution. Numerical exampleswill aso be provided to
demonstrate the methodol ogy.

Keywords: Moments, Monte Carlo, Multimodal digtributions, Power Method
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Willem J. Heiser
Leiden University

Geometric Representation of Association Between Categories

Categories can be counted, rated, or ranked, but they cannot be measured. Likewise, persons or individua's can be counted, rated, or
ranked, but they cannot be measured either. Nevertheless, psychology hasrealized early on that it can take anindirect road to
measurement: what can be measured isthe strength of association between categoriesin samples or populations, and what can be
quantitatively compared are counts, ratings or rankings made under different circumstances, or originating from different persons. The
strong demand for quantitative analysis of categorical data hasthus created avariety of statistical methods, with substantial
contributions from psychometrics and sociometrics.

Wheat isthe common basis of these methods dealing with categories? The basic element they share is that the sample space has a
special geometry, in which categories (or persons) are point masses forming a simplex, while digributions of counts or profiles of
ratings are centers of gravity, which are also point masses. Rankings form a discrete subset in the interior of the smplex, known asthe
permutation polytope, and paired comparisons form another subset on the edges of the simplex. There afew ways to define distances
between point masses, and these form the basic tool of anaysis.

The paper gives some history of major concepts, which naturdly leads to a new concept: the shadow point. It isthen shown how
loglinear moddls, Luce and Rasch model's, unfolding models, correspondence analysis and homogeneity anaysis, forced classification
and classification trees, aswell as other models and methods fit into this particular geometrical framework.

Cheryl D. Hill
University of North Carolina at Chapel Hill

Precision of Parameter Estimates for the Graded Item Response Model

The graded response modd is used in the context of item response theory (IRT) analyses of datafor Likert-type questionnaires and
educational assessments scored using rating scales. This research examined the recovery of item parametersfor the graded model
using smulated data for several short test lengths (3-15 items) and arange of sample sizes (50-1000). Simulated data sets a so varied
with respect to the number of response categoriesfor each item (3-9) and the distributionsfrom which the true parameterswere
drawn. Maximum marginal likelihood item parameter estimation was used. Bias and root mean squared error (RM SE) were cal cul ated
for each item parameter in each of 1000 replicationsfor every combination of test length, sample size, number of categories, and
parameter distribution. Results describe the precision of parameter estimation as a function of test length, sample size, and number of
response categories. Theresults of this study suggest that there is no reason to combine responsesin categorieswith low endorsement,
aslong asthe number of responsesin each category is greater than zero.

Andrew Ho
Stanford University

Diego Zapata
Educational Testing Service

Jon Templin
University of Illinois

Fast Classification and other operational issuesfor large scale testing

MCMC isin genera too slow for operational scoring, especially for operationd testing in which the number of test takersishigh and
score turnaround period isshort. Severa approacheswere investigated for the Next Generation TOEFL. This paper describes the
methods and findings.
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Dennis Hocevar
University of Southern California

Susan Page Hocevar
Naval Postgraduate School

What is Good for Science is not Good Enough for Public Policy

“What is good for scienceisnot good enough for public policy” isthetheme of thispaper. Few psychometricians would argue with
the proven utility of the basic assumptionsthat underlie the use of scaled measuresin behavioral/social science research:

Ability, achievement, values, dispositions, performance etc. can be scored in terms of degree or amount on a numeric continuum
because:

1. additive scale scores are equal interval.
2. thedistribution of additive scale scoresis continuous/normal.

s thestandard error of measurement for additive scale scoresis randomly distributed.
4

In an era of accountability, additive scaled scores have taken on new meaning. Not surprisingly, the same scaling assumptions that we
use in the conduct of science have been uncritically accepted by the public. Scaling isnow considered as an objective, reliable, vaid
and fair way to assess organizational productivity in both the private and public sectors. Toillustrate, many US States now scale
schoal performance on anumerical continuum and use some type of change in these same scale scoresto indicate “ adequate yearly
progress’ (AYP). Using Cdifornia’s Academic Performance Index (API) school data as an example, the pitfalls of using
psychometric reasoning to make high stakes policy decisionswill beillustrated.

Paul Holland
Educational Testing Service

Linking Tests

In 1999 the Nationa Research Council panel produced the report Uncommon Measures. Equivalence and Linkage Among
Educational Tests. Here we review some of the rationa e for the pand's conclusions and then report on research that evolved out of his
work on that NRC panel. Thisincludes work with Neil Dorans on measuring the sensitivity of test linking to the target population, and
research with Machteld Hoskens on direct and indirect true score prediction-aform of test linking wesker than equating. We will
summarize what isknown about how test differences affect linking results, and urge measurement statisticians who have accessto real
testing data to amplify and fill in the gapsin our knowledge of this important psychometric problem.

Chun-Wei (Kevin) Huang
CTB/McGraw-Hill

Robert J Midevy
University of Maryland-College Park

An Application of the Andersen/Rasch Multivariate Measurement Model within the Framework of Evidence-Centered Design to
Explore Students Problem-Solving in Physics

Most of the analyses of physics assessment tests have been done within the framework of classicd test theory in which only the
number of correct answersis considered in the scoring. More sophisticated analyses have been developed recently by physics
researchersto further study students’ conceptions/misconceptionsin physicslearning (in particular, the Newtonian mechanics) to
improve physicsinstruction. It was suggested that in most cases a student isin amixed model state, indicating that he/sheis
simultaneously occupied by a number of distinct model states and which state would be invoked depends on the feature of the
guestion. However, these methods are not connected with the well-devel oped psychometric machinery.

Thelittle-known Andersen/Rasch (AR) multivariate model that dealswith mixturesof strategieswithin individualsisthenintroduced
within the framework of the evidence-centered design (ECD). The ECD amsto coordinate psychology (of human behaviorg, task
design, and psychometric analysis when performing assessments. A small physics data set, analyzed under BUGS computer program
that carries out the Markov chain Monte Carlo (MCMC) estimation procedure, is used to demongrate how the ECD works aswell as
the usefulness of AR model in termsof students' problem-solving in physics.
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Philippe Huber, Elvezio Ronchetti, and Maria-Fia Victoria-Feser
University of Geneva

Estimation of Generalized Linear Latent Variable Models

Generalized Linear Latent Variable Models (GLLVM) enable modeling of relationships between manifest and latent variables when
the manifest variables. They extend structural equation modeling techniques, which are powerful toolsin the social sciences.
However, because of the complexity of thelog-likelihood function of a GLLVM, an approximation such asnumerical integration
must be used for inference. This can limit drastically the number of variablesin the model and lead to biased estimators. In this paper,
we propose a new estimator for the parameters of a GLLV M., based on a Laplace approximation to the likelihood function and which
can be computed even for models with a large number of variables. The new estimator can be viewed as a M-estimator, leading to
readily avail able asymptotic properties and correct inference. A simulation study shows its excellent finite sample properties, in
particular when compared with a well established approach such asLISREL. A red data example on the measurement of wealth for
the computation of multidimentional inequality is anaysed to highlight the importance of the methodol ogy.

Heungsun Hwang
HEC Montred

William R. Dillon
Southern Methodist University

Y oshio Takane
McGill University

An Extension of Multiple Correspondence Anaysis for Capturing Unobserved Respondent Heterogeneity

We propose an extension of multiple correspondence analysis that takes into account unobserved heterogeneity in respondents
preferences/choices. The method involves the combination of multiple correspondence analysis and k-meansin a unified framework.
The former isused for uncovering alow-dimensional space of multivariate categorical variables whilethe latter isused for identifying
clusters of homogeneous respondents. The proposed method offers an integrated graphical display that providesinsightful information
on cluster-based segmentation structures inherent in multivariate categorical data aswell asthe interdependencies among the data. An
illugtrative example is given to demonstrate the empirical usefulness of the proposed method.

Keywords: Multiple correspondence analysis, k-means, unobserved respondent heterogeneity, alternating least squares.

Heungsun Hwang
HEC Montred

Y oshio Takane
McGill University

Generalized Structured Component Analysis

We propose an adternative method to partial least squares for path analysiswith linear components, called generalized structured
component analysis. The proposed method replaces factors by exact linear combinations of observed variables. It employs awell-
defined least squares criterion to estimate model parameters. As a result, the proposed method avoids the principal limitation of partial
least squares (i.e., thelack of a global optimization procedure) while fully retaining all advantages of partial least squares (e.g., less
restricted distributional assumptions and no improper solutions). The method is also versatile to capture complex relationships among
variables, including higher-order components and multi-group comparisons. A straightforward estimation algorithm is developed to
minimize the criterion.
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Hidetoki Ishii
Nationa Center for University Entrance Examinations, Japan

Hiroshi Watanabe
The University of Tokyo

Bayesian Congderation of Test-Retest Rdliability Coefficient

Thetest rediability should be confirmed when a psychological test is developed. Test-retest method is one way to estimate the
reliability coefficient of the test. Because the popul ation correlation coefficient between two strong pardld testsisequa to the
reliability coefficient of the tests, sample correlation coefficient between test and retest is regarded as an estimate of the reliability
coefficient of the test. However, almost always, a sample scores do not satisfy the assumptions of strong parallel tests. Therefore,
sample correlation coefficient could be suspected as an estimate of thereliability coefficient. On thistalk, Bayesian estimation of test-
retest reliability coefficient is considered. It is presented that 1) a sample correlation coefficient should over estimate the test-retest
reliability whenever sample meansare not the same or sample variances are not homogeneous, on the other hand, 2) Bayesian
estimate can adjust the differences among sample statistics and will be more appropriate estimate.

Jennifer L. lvie
University of Kansas

Using Structura Equation Modeling to Assess the Role of Rules Problem Solving asin the Raven's Matrices Test

The Raven’s Matrices Test (RMT) hasbeen shown to measure general intelligence inyoung children. Carpenter, Just and Shell (1997)
demonstrated that solutions for these problems can be found using particular rules defining patterns across rows and down columns in
matrices of these types. The purpose of this study was to use structural equation modeling path anayses as outlined by Dimtrov and
Reykov (2003) to assess the relationships between these rulesin solving items of thistype. A sample of 1,364 6th graders from a New
England schoal digtrict, having taken 3 speeded 12-question RMTSs, was used for this study. The data supported the hypothesis that
four of these rules used in thistest did have increasing difficulty levelsthat were related to increasing difficulties of the items
requiring the use of each of therules. The data also supported the hypothesisthat knowing an easier ruleincreased a child's
probability of successfully completing a matrix requiring the use of a harder rule.

Margo G.H. Jansen
University of Groningen

A Comparison of Latent Trait Models for Speed Tests with Different Distributional Assumptions

Responsetimes are considered rel evant in awide variety of psychological and educational measurement situations. In particular the use of
computers for test admingration has opened the poss bility to study observationsthat are not availablein paper and pencil tests, such asthe
response times on individual items. Response times can be seen as achievement measuresin their own right but al so as explanatory
variables for other types of test behavior. We consider modd sfor item- or test response latencies. Both thelognormal and the gamma
digribution, can be viewed as suitable distributions for modelling continuous positive random variates. The extended Rasch model
assuming gamma distributed response times, is compared with amixed regression model assuminglognormal distributed response
variables. For fitting the lognormal mixed regression model standard multi-level modelling software can be used. A number of empirical
examplesare given.
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Robert 1. Jennrich
University of California, Los Angeles

Rotation Algorithms: From beginning to end (?)

The devel opment of rotation algorithms from graphical to current analytic methods will bereviewed. At present there are Smple very
general and rdiable algorithms for both orthogona and oblique rotation.

Moreor lessin historical order, beginning with quartimax and varimax, orthogonal pai rwise methods for the orthomax family were
developed. These were generalized to include orthogonal pairwise methods for arbitrary quartic criteria. Adding aline search later
generalized these to arbitrary criteria

Indirect oblique methods are based on reference structures rather than |oading matrices. Beginning with the quartimin criterion,
methods that modified one column of the reference structure at a time were given for the oblimin family.

Direct oblique methods are based on loading matrices. A one parameter representation for the result of rotating one factor in the plane
of two was introduced. Starting with the quartimin criterion thiswas used to produce pairwise algorithms for the oblimin family.
Adding aline search later gave a direct oblique algorithm for arbitrary criteria. An aternative approach used a gradient projection
method and numerical gradientsto give another direct oblique algorithm for arbitrary criteria.

The general orthogonal method and these last two methods come close to providing a complete solution to the orthogonal and direct
obliquerotation problems. Computer code for these methods for usein a variety of computing environments may be downloaded and
isfree.

Xiaoying Jiang
Harcourt Assessment, Inc.

GraceE. Kisdling
University of North Carolina, Greenshoro

Using Quadratic Discriminant Model to Predict Baccalaureate Nursing Students Passing Rateon NCLEX-RN

This study focuses on the exploration of the useful variablesfor predicting NCLEX-NR passing rate on the first attempt. There are
altogether 690 observations with no missing data on NCLEX-RN. Forty-seven variables were considered, including forty-four
continuous variables (Nur360, MOSBY Assessment Score, etc) and three categorical variables (age, gender, and type of students). A
quadratic discriminant model was devel oped based on the characteristics of the data. It was discovered that the best predictive
variables are overall GPA for all nursng courses and MOSBY Assessment Test Scores, which jointly predicted correctly 78.26
percent of the studentswho failed, 82.93 percent of the students who passed NCLEX-RN on thefirst time. Thisfinding issmilar to
the previous study done by Beeson and Kisding (2001) except that age was excluded in the current model. Implications of the study
and further studies were recommended.

Key words: MOSBY Assessment Test, GPA, NCLEX-RN, Discriminant Analysis, and Predictor Variables

Timothy R. Johnson, Ph. D.
University of Idaho

Generalized Linear Models with Ordinally-Observed Covariates

An ordinally-observed variable is a continuous variable that isonly partidly observed through an ordinal proxy variable. Statistica
modelsfor ordinally-observed response variables are well known but relatively little attention has been given to the problem of
ordinally-observed explanatory variables. Point estimates and standard errors for fully-observed explanatory variables are not
necessarily consistent and may be significantly biased when ordinally-observed covariates are measured using ordinal proxy variables.
Thusthe ordinal nature of ordinally-observed covariates must be taken into account to obtain correct inferences. In thistalk | will
outline the problem of ordinally-observed covariates, propose a general modeling framework for generalized linear models (and
extensions thereof) with ordinally-observed covariates, and discussissues of mode specification, identification, and estimation within
this framework.
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Y utaka Kano and Shohei Shimizu
Osaka University

Between ICA and SEM

SEM has used higher-order moments to create robust estimators and/or robust asymptotic covariance matrix of estimatorsin
nonnormal populations. The usage of higher-order moments does not solve any inherent problems of SEM such as equivalent models
and inability of model assessment of saturate models. Recent research by Kano, Shimizu and our collaboratorshas shown that more
ACTIVE use of higher-order moments asin independent component analysis (ICA) can solve many of these problems. In thistalk, we
first present basic ideas of such use of nonnormality and show how SEM people can apply the fundamenta theorem by Comon (1994)
to structural equation moddling including statistical causal anaysis. Some comprehensive examples are provided. Some coincidence
between ICA and SEM about independence assumption is pointed out. More technical results and applicationswill be given in later
talks of this session.

Tzur Karditz
University of Illinois, Urbana

Ordered Category Attribute Coding Framework for Cognitive Assessment

Cognitively Diagnostic Assessment models define skills as binary. Examinees are described as either 'skill masters or 'non-masters
and items as either requiring the skill or not. In an attempt to enhance the diagnostic information provided by such models, | propose
an Ordered Category Attribute Coding (OCAC) framework. This approach defines skill k by the Mk steps takento master it.
Consequently, the entries of the categorical Q matrix represent mastery level skillsrequired by test items. Examinees knowledge
patternsrepresent their location on the learning path of each skill. The flexibility of the OCAC framework alowsfor amore
informative, parsimonious and efficient representation of task requirements and examinee knowledge. In addition, levels of required
skills can be estimated simultaneously with the examinees knowledge states as well as noise parameters, with high recovery rate of
simulated and real date.

Henk Kelderman
Vrije Univerdteit
Measurement Model s Based on Item Exchangeability

To date, is concluded that item responses measure the same attribute if they fit a 1-latent-variable model. However, because the | atent
variable is unobserved, the precise nature of its relations with the item responses and other variables cannot be determined on
empirical grounds. Several psychometricians, such as Bartholomew, Ramsay, and Goldstein have noted thisweakness.

Thus, one needs a theoretical justification. However, unlike Physics, where theory is almost always cast in mathematical form, the
Behavioral and Social Sciencesrarely have such theories. Early psychometricians such as Gulliksen and Lazarsfeld tried to formulate
criteriafor different test itemsto measure the same attribute. Gulliksen required that measurements of the same attribute should be
interchangeable in the sense that ‘it isindifferent as to which of the measures is used'. Lazarsfeld proposed a similar criterion.

In this paper we justify latent trait models on the more formal criterion of item exchangeability. The concept of item exchangeability
has appeared earlier in the work of TenHave, Lauritzen, Huynh and myself and is more in accordance with original ideas. It is shown
that latent latent trait models are observationally equivalent with exchangeability models. Exchangeability models have the charming
property that, apart from some type of item exchangeability, only some basic assumptions about scal e type and distribution of
manifest item responses are needed.
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Jee-Seon Kim
University of Wisconsin-Madison

Jeroen K. Vermunt
Tilburg University

A Family of Longitudinal Association Modelswith Latent Variables

Thistalk presentsafamily of conditional RC(M) association models where the column correspondsto a latent class variable and the
row corresponds to a vector of indicators. It is shown that characteristics of alarge number of individuals and their responses can be
effectively summarized using this method as dependency among theindicators are simplified by conditioning on the latent variable,
and the row and column scal e val es define coordinate |ocations of |atent classes and response categoriesin alow dimensional space.
Moreover, the time-varying latent structure offers a flexible representation of changein longitudina data. The dimensional reduction,
classification, and modeling change can be performed even when only oneindicator is available at each time point, although multiple
indicators provide aricher framework such as allowing tests of measurement invariance over time. Both single and multipleindicator
cases and their implications are discussed.

Julius M. M. Kitutu
University of Pittsburgh School of Nursing

Post High School Career Expectations. A comparative Study between Pittsburgh (USA) and Essen (Germany)

The study employed secondary data on school-to-work trangtions of youth aged 18-24 years, from Pittsburgh (US) and Essen
(Germany). Separate theoretical model swere fitted to each sample based on theyouth’ s educationa level, age, and marital status,
parental educational attainment, and current transitional status. Future career expectation was measured by career assurance; parents
expectations for their youth achieving career goals, and youths' perceived career goals. Parental educational level in the Essen sample
related significantly with both high school and choice of post-secondary program. Job-search patterns were different for both samples.
A majority (90%) of the Essen youth used their teachers, whereas for Pittsburgh sample, 82% directly submitted written applications
to potential employers. The hypothesized model was supported in both samples: Pittsburgh (y 2 (39)=952.469, p=. 073, NFI=. 993; CFI=.
998; RMSEA=. 034) and Essen (3° 10=15.657, p=. 110; GFI=. 995; NFI=. 994; CFI=. 997; RMSEA=. 027). For the Essen model,
37% of variance associated with current trangitiona status was accounted by its predictors, whereas for the Pittsburgh model, its
predictors explained 27% of variance associated with future career expectation. The model shows that youth in Pittsburgh experience
delayed career outcomes.

Andreas G. Klein
University of Illinois at Urbana-Champaign

Efficient Estimation of Nonlinear Effectsin Both Cross-Sectional and Longitudinal SEM

This paper dealswith an efficient methodology for the estimation of nonlinear SEM, which providesthe analysisof nonlinear effects
for a broad range of cross-sectional and longitudina SEM. The proposed method provides an approximate ML estimator and
outperforms the currently available methodol ogy (covariance structure analysis, two-stage least squares) with respect to statistical
power and flexibility. Parallel to the estimation method, a new genera latent variable modeling framework is presented which
incorporates the modeling of multiple nonlinear effectsin both cross-sectional and longitudinal models. For the case of cross-sectional
models, this framework includes model s with multiple interaction effects among latent exogenous variables. For the case of
longitudina models, the applicability of the framework isillustrated by a heterogeneous growth curve moddl. Formally, heterogeneity
of growth refersto the fact that some subgroups of individuals grow more consistently than others, and to model this heterogeneity
statistically correct is essentia for optimal prediction of individuals' development. The new methodology enablesthe researcher to
andyze more efficiently what heterogeneity of growth could depend on and provides a tool for an improved prediction of individual
growth, based onintial status or other covariate information.
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losif Krass and Alan Nicewander
DMDC

The Effects of Item Position on the Calibration of Items Seeded into Adaptive Tests

When pre-testing potentialy new itemsfor CAT pooals, it isimportant that examinees respond in the same manner asif they were
taking theitem operationally; if so0, then the item parameterswill reflect the operationa performance of theitem. The use of try-out
items seeded into adaptive testsis an efficient way for developing new items. It may be the casethat the position inwhichanitemis
seeded will have an effect on the item parameter estimates dueto context effects. This paper usesreal datatolook at the effects of
seeded-item position on item parameter estimates. Try-out items were administered during operational CAT testing for ten fixed-
length tests containing 10 or 15 items. For each examinee, asingle try-out item was randomly administered in positions 1-11 for the
10-item tests and positions 1-16 for the 15-item tests. For each test, approximately 20 pretest items were administered in each
possible position. Approximately 1200 responses were collected for each pretest item in each position. Item parameter estimates
were compared acrossitem positions, for each try-out item. Negligible effects of item-position on item parameter estimateswere
found.

Sik-Yum Lee and Xin-Y uan Song
The Chinese University of Hong Kong

A Unified Maximum Likelihood Approach to Structural Equation Models with Missing Non-Standard Data

In this paper, we present a unified approach for maximum likelihood analysis of structural equation modelsthat involve subtle model
formulations and non-standard data structures. Based on the idea of data augmentation, we describe a generic Monte Carlo
Expectation-Maximization algorithm for estimation. We propose path sampling for computing the observed data likelihood functions
that usually involve complicated integrals, and show how to apply this method for computing the Bayesian information criterion
(BIC) for model comparison. Some illustrations are given.

Jun Corser Li
University of California, Berkeley

A Multilevel Covariance Structure Model for Causal Connection Research of Group Effectiveness

In group effectiveness research, and particularly in school effectiveness multilevel analysis, hierarchical linear models (Raudenbush,
1988; Goldstein, 1997) and multilevel covariance structure models (Longford and Muthén, 1992; Muthén, 1994) have been widely
applied. This paper first discusses the problems of interpreting school effectiveness, the choice of performance indictors, and the
distinction between effectiveness and residuals. It then proposes an improved multilevel covariance structure model (Li, 2002) that
extends and unifies these approaches and explores a didectic relation (a mutually exclusive causal connection) between group level
performanceindictors and their effectiveness. Bayesian inference for this model isimplemented viaaMarkov Chain Monte Carlo
procedure with the Giblbs sampling algorithm. The paper concludeswith two simulation studies for causal connection.

Keywords: multilevel covariance structure model, group effectiveness, causal connection, Gibbs sampling.
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Mei Liu
Law School Admission Council

Paul Holland
Educational Testing Service

Population Invariance of Non-Linear Equating Using LSAT Test Data

A fundamental requirement of an adequate equating is that equating functions should be popul ation invariant. Since population
invariance can never be satisfied completely, practitioners should routingly assess whether population invariance holds sufficiently for
equating. Research on the Dorans and Holland measures of population invariance has shown that such indices are sensitive to the
linking of tests that measure different constructs or differ in reliability. Resultsfrom these studies aso call for more research
examining invariance for other sub-populations, with other exams and using other equating/linking methods (Von Davier, Holland &
Thayer, 2002, Dorans et a, 2002, Tateneni & Dorans, 2002, Yang et al, 2002).

Using Law School Admission Test (LSAT) data, Liu and Holland (2004) examined popul ation invariance of linear equating functions
for male and femal e examinees and examinees with different ethnic backgrounds, aswell as across sub-populations defined by
examinees geographic regions, whether they applied to law school(s) and their law school admission status.

The current research expandsthe Liu and Holland study by first replicating it on data from different LSAT administrations and then
extending it to explore the sensitivity of non-linear equating and linking functions across the aforementioned sub-populations.

Keywords: population invariance; equating; linking

R. Duncan Luce
University of California, Irvine

Measurement Analogies. Comparisons of Behavioral and Physical Measure

Physical measurement involves attributes, variables, constants, tradeoffs of factors, interlocking structures and distribution laws, and
numerical measures of varying types. ordinal, interval, and ratio. Consider the following questions. Are behaviora measuresin some
way similar to physical measures? Are, for example, measures of intelligence more like measures of massor more like hardness, the
former forming aratio scale and the latter an ordinal one? What does it taketo answer that question? Can aperson be viewed as, in
some sense, a medium in which concepts such as loudness and brightness act like attributes that are affected by factors that can be
manipulated? If so, what measurement representations result? How does hunger differ from loudness and do we know how to measure
itin aprincipled way? In what senseisan ordinal scale weaker than aratio scale or, could it be, exactly the opposite? The talk
addresses such issues.

Robert C. MacCallum
University of North Carolina

Michagl W. Browne

The Ohio State University

Li Ca

University of North Carolina

Testing Differences between Models: Power Analyses and Null Hypotheses

In applications of structural equation modeling and related methods it is common for researchers to seek to eval uate competing
alternative models and to identify which among two or more modelsis optimal in some sense. For comparing nested models, the
standard procedure isto employ the likelihood ratio test of the difference in model fit, where the null hypothesisisthat the two models
fit equally well in the population. A procedure for determining the statistical power of thistest will be presented, and factors that
affect statigtical power will be delineated. 1n addition, a modification of the standard null hypothesis of zero difference in fit will be
proposed. It can be argued that in practice this null hypothesisisvirtually never true and isempirically uninteresting. A modified
testing procedure will be presented that allows for anull hypothesis of a specified small differencein fit, versus an dternative
hypothesis of a larger difference, along with corresponding power analysis procedures.
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Randall MacIntosh
Cdlifornia State Univerdty, Sacramento

Elizabeth Cauffman
University of Pittsburgh School of Medicine

An Assessment of DIF on the Basis of Race/Ethnicity in The Massachusetts Y outh Screening Ingrument (Maysi~2) Among a Sample
of Incarcerated Adolescent Offenders

The juvenile justice system needs atool that can identify and assess mental health problems among youths quickly, with reliability
and vaidity. Thegoal of this paper was to evaluate the racial/ethnic item bias of the Massachusetts Y outh Screening Instrument-
Second Verson (MAY SI~2) using the Rasch Model. Data are presented from 3,906 assessments of male and female juvenile
offenders between 13 and 17 years of age who are incarcerated in the California Y outh Authority (CYA). DIFisidentified in some
scales, raising concerns about the suicide ideations scale aswell as the traumatic experiences scale that may require some further
examination and revision.

Louis T. Mariano and Maria Orlando
Rand Corporation

A Bayesian IRT Model for Comparative Item Performance under Dual Administration Modes

We investigate the effect of survey interview mode, phone versus a self-administered questionnaire, on the characteristics of survey
items. Responses to the Center for Epidemiological Studies Depression scale were collected from each of 246 subjectsusing a
random mode choice. The scale wasthen re-administered roughly 30 days later in the dternative mode. A traditional Differential
Item Functioning (DIF) analysis would allow for a comparison of theitem characteristicsin each mode. However, the DIF modeling
assumptions do not allow for the use of repeated measures, and the parameters of the traditiona procedure do not facilitate
interpretation of patterns of differences due to group membership. Asan dternative, we develop a Bayesian Item Response Theory
model that explicitly quantifies the survey mode effect at the item and category levels and utilizesthe full information contained in
repeated measures. When no mode effects are present, this model reduces to a Bayesian Graded Response Model. We demonstrate
mode effects within items, quantifying the effect (i.e. DIF) present in each item, and also mode effects acrossitems, indicating a
fundamental difference in the performance of the survey scale across the two modes. Potentia broader applications to problems
without repested measures are discussed.

Keywords: Item Response Theory, Differentia Item Functioning, Bayesian models, repeated measures.

Gunter Maris
Cito, The Netherlands

The Power of Posterior Predictive Checks

Posterior predictive checks offer a powerful and flexible tool for the evaluation of model fit. However if we want to test aclassical
null hypothesis against awell defined alternative we need to consider theissue of statistical power: Can we correctly reject the null
hypothesis? It turns out that posterior predictive checks frequently fail to do so. We offer an explanation and a solution for the lack of
power of posterior predictive checks.

Toillustrate our solution we consider the three parameter logistic model. In particular, we show that the parameters of the three
parameter logistic model arein a nontrivial way not identifiable if the valuesof the discrimination parameters are al the same. For
thisreason we propose a test for the null hypothesis that the values of discrimination parameters are all the same againg the
aternative that they are not. That is, we test the hypothesis that the parameters of the three parameter logistic model are not
identifiable. We show that a classical posterior predictive check has virtually no power whereas our aternative procedure does have
power.
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Catherine McClelan
Educational Testing Service

Basics of Large-Scale Educational Surveys

This presentation will provide some basic context setting on what large-scale educationa surveys are, what the data structures are, and
where the major chalengesin analysis of such datalie.

Lori D. McLeod and Sheri E. Fehnd
RTI Health Solutions

Defining Minimal Clinically Important Differences: Does Item Response Theory Have the Answer?

Historically, comparisons of medical treatments have focused on clinical measures such as blood pressure or tumor size. However,
because treatments can have a negative impact on patients health-rdated quality of life (e.g., toxicity associated with chemotherapy)
clinicians are starting to also pay attention to patient-reported outcomes (PROSs) as important factors when eval uating treatment
options. Although most physicians see the value of including PRO results, they seek guidance for interpreting scores on these
instruments so that they can better understand score significance and how to apply PRO findingsto their practice. One attempt at
providing this guidanceis to define change scoresin terms of aminimal clinically important difference (MCID). In general, aMCID
isthe amalest score difference that can be judged as worthwhile. There has been no consensus on how to define MCID, athough
various methods have been proposed. Firgt, this study utilized item response theory (IRT) to define MCID on an acne-specific quality
of lifeinstrument. The IRT-approach was intuitively appealing because it offers a metric than can be used to compare scores across
samples and items. Second, this study compared the results from IRT to those from three other methods.

Geoff McLachlan
University of Queensland, Brisbane

Mixture Model-Based Clustering of High-Dimensional Data

In the cluster analysis of high-dimensiona data, k-means and hierarchical agglomerative methods are convenient off-the-shelf choices
of the scientist. However, there are advantages to be had by adopting anormal mixture model-based approachto clustering. But given
the high-dimensionality of the data, thereis a need to first reduce the dimension of the feature space and/or to adopt parsimonious
modelsfor the component-covariance matrices. An obvious way to reduce the dimension of the feature space in an unsupervised
context is to perform aprincipa component analysis. Unfortunately, there is a potential problem with the determination of an
appropriate number of components useful for clustering. We describe an aternative approach that clustersthe data on the basis of a
mixture of factor models. Thereisthe option of first reducing the number of variables by eliminating those considered not to have a
useful individual rolein clustering the data and then clustering the retai ned variables into groups. The cluster analysis of the data is
then effected on the basis of representatives of the groups of variables.

Roger E. Millsap and Oi-Man Kwok
Arizona State University

Partial Invariance and Selection Accuracy in Two Populations

Studies of factorial invariance seek to determine whether a given common factor model holds across multiple populations with
identical parameter values (e.g., factor pattern, latent intercepts, unique variances). Partid factoria invarianceis said to exist when
some, but not all, parameters have the same val ues across populations. The existing literature on factorial invariance is unclear about
what action, if any, should be taken in responseto findings of partial invariance. For example, should measures that lack invariance
be dropped? Should such measures be retained if the variation across populationsis“small?’ Here we present one approach to
answering these questions by evaluating the impact of partial invariance on accuracy of selection based on a composite of the
measures whose factor structureisunder study. We assume that a single-factor model holdsin two populations for the measures
under study. Accuracy of selection based on the composite of these measures can then be evaluated analytically under varying
degrees of partid invariance and bivariate normality for the factor and composite scores. Some examples are presented, with
discussion of extensions and limitations.
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Masashi Miyamuraand Y utaka Kano
Osaka University

Robustified Covariance Selection

Covariance selection is an exploratory procedure to find causal relations among many variables. It intends to assess adirect relation
between two variables after diminating any effects of all the other two variablesin observational studies. It isbased on normality
assumption and uses apartia correlation.

Outlying observations are observations that come from a population other than atarget population. If a data set to be analyzed
contains outlying observations, any statistical analysis can cause serious biases and can be misleading. Observationa studies will be
difficult in avoiding outlying observations. It is known, however, that correlation coefficients and partia correlation coefficients are
very sensitive to existence of outliers, and thus ordina covariance selection isaso very sensitive. We devel op a new robustified
maximum likelihood method for the covariance selection, where the likelihood function is weighted according to how the observation
is deviated. Test statigtics associated with the robustified estimators are devel oped, which include statistics for goodness-of-fit of a
model. In addition, an outlying score, similar to the Mahalanobis distance but more robust, is proposed, which makes it easier to
identify outlying

observations.

Real data sets are analyzed to illustrate useful ness of our procedure. It is turned out that our procedure leads to more reasonable results
than doesthe ordina covariance selection.

Ab Mooijaart
University of Leiden

Model Selection in Latent Variable Models when Common Statistical Assumptions are Violated

Model selection is one of the most important issuesin Structural Equation Models (SEM). This selectionis mostly based on goodness-
of-fit measures. Computer packages like, LISREL and EQS, print out alot of these measures. A few of these measures do have a
known statistical distribution if some statistical assumptions hold. The most common assumptions are: The variables are normally
distributed and the sample size islarge. However, in most practical situations one or both assumptions do not hold. In this paper it will
be shown that by using some resampling technique, some variant of the bootstrap technique, may lead to a procedure by which it is
possible to decide whether amodel holds or not. The basic feature of this procedure isthat data are resampled under the condition that
the moddl holds. It will be shown by some examples that for some well-known SEM models with latent variables the procedure leads
to atest with a proper type | error and, under which conditions, the test yields a good statistical power.

Hiroto Murohashi and Hideki Toyoda
Waseda University

Model Specification Searches Using Genetic Algorithms for Factor Analysis Model

Model specification searchesin structural equation modeling is thought to be a task that isto find the most appropriate combination of
free and constrained parameters from the aspect of fitting functions and capability of interpretation. So, we can treat model
specification searches as one kind of combinational optimization problem. But it isknown that finding an optimum solution for
combinational optimization problem isvery hard because of the explosive increase of combinations. To deal with this problem, many
kinds of meta strategies are proposed. Meta strategy is a searching method that combines anumber of approximate meansto derive
solutions that has enough accuracy for combinational optimization problem. In case of structural equation modeling, the number of
estimable model s rapidly increases with increase of the number of observed variables. So, usng meta strategies for model
specification searchesin structural equation modeling is supposed to have a certain efficacy. But there are not so much researchesto
examinethat. In this research, we applied genetic algorithms to the model specification searchesin factor analysis models. Simulation
study to validate accuracy and application to real data are shown.
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Ratna Nandakumar and Lawrence Hotchkiss
University of Delaware

Diagnostic Toolsfor Modeling Attitudinal Data

Attitudinal dataistypically different from achievement data. Most achievement test data is model ed using monotone models, where
probability of correct response to item increases as the ability increases. However, attitudinal survey item data, can be modeled,
depending upon the type of response dicited by the statement, either by monotone models or non-monotone, single-peaked models
known as unfolding models. It is known that items resulting in single-peaked item response functions have certain characteristics. For
example, a principal components analysis of such dataresultsin 2 linear factors. The plot of factor pattern resultsin a ssimplex graph,
and the factor scores have a quadratic relationship. It has also been shown that the distribution of item locationson the latent
continuum can determine if datafollows unfolding models. For example, if a survey instrument containsonly itemswith strong
positions on the latent continuum without any ambivalent satements, then monotone model s can describe such statements. Using
simulated and real data, this study devel ops diagnostic tools to determine when unfolding model s fit data.

Alan Nicewander, Rebecca Hetter, Gary Thomasson, losif Krass, Mary Pommerich, Danid Segall, and Kathleen Moreno
DMDC

A Simulation Study of Parametric and Non-Parametric Algorithms for Calibrating 3-PL and Non-3PL Items Seeded into Adaptive
Tests

The maintenance of stable item parameters and a consi stent measurement scal e are fundamental requirementsfor an operational CAT
program. When items are used operationally in a CAT setting, their parameters may drift over time, as examinee populations change
and respond differently to the items. This paper presents the results of a high-fidelity simulation in which five rounds of new item
calibration and pool devel opment are simulated, for changing examinee populations. The try-out items simulated were both 3-PL and
non-3PL--of the non-3PL items, many had non-monotonic IRCs. Non-3PL IRCswere generated using acognitive mode that
simulated two, commonly-used strategies of item writers;, namely, 1) Make the foils similar in difficulty; and 2) Use afail that is
attractive to persons with partial knowledge of the item content (a rategy that often produced non-monatonic IRCs) .Within each
round, try-out items were calibrated to be on the scale of the operationa pools, and new pools are constructed. The new poolsare
then administered operationally in the next round, and new items are pre-tested. In thelast round, the itemsthat comprised theinitia
operational pools are pre-tested, calibrated, and scaled, enabling a compl ete evaluation of item parameter and scale drift over time.
Drift is also assessed after each round. The performance of several calibration/scaling methods is evaluated by comparing true and
estimated parameters.  The calibration methods compared were: 1) BILOG-MG; 2) IFACT (Segall, 2002), afully Bayesian
procedure utilizing MCMC estimation; and 3) ForScore (Levine, 1998), a non-parametric procedure.

Shizuhiko Nishisato
University of Toronto

Dual Scaling Approach to Correlation between Categorical Variables

When a variable has more than two categories, it can typically be represented in multidimensional space. Then, correlation between
categorical variables should therefore be defined in multidimensiona space. Strangely enough, however, the general practice isto use
correlation defined by a single dimension, for instance, see the Kendall-Stuart type canonica correlation asused in SEM and the use
of the correlation matrix associated with the first dual scaling solution. The current study is based on the dual scaling framework, and
the procedure starts with obtaining multidimensiona sol utions (components), and then defines ameasure of correlation between
categorical variablesin terms of all components, thus using the entire information associated with the two variables. The proposed
correlation, indicated by v (Greek letter ‘nu’), becomes identical to Cramér’sV in total space. The main advantage of v liesin the fact
that it can be expressed as comprising associations over multiple dimensions, an aspect which islackingin V.
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Haruhiko Ogasawara
Otaru University of Commerce

Asymptotic Robustness of the Normal Theory Asymptotic Biases Under Nonnormality in Structural Equation Modeling

The asymptotic robustness of the normal theory asymptotic biases of the least squares estimators of the parametersin covariance
structures againg the violation of normality is shown, which is obtained under the conditions required for the asymptotic robustness
for thenormal theory standard errors and the usua chi-square statistic. The asymptotic robustness holds not only for the estimators of
the parameters whose normal theory asymptotic standard errors are asymptotically robust, but also for the non-robust ones. The
Wishart maximum likelihood estimators are also shown to have the asymptotic robustness. A numerical illustrationfor the factor
analysismodd shows that the empirical biases of robust estimators under nonnormality are close to their corresponding normal theory
asymptotic biases.

Akinori Okada
Rikkyo (St. Paul’s) University

Tadashi Imaizumi
Tama University

A Joint Space Model of Asymmetric Multidimensional Scaling

A joint space model and an associated algorithm for two-mode three-way asymmetric multidimensional scaling (object x object x
source) were extended from Okada and Imaizumi (20033, b). In the model, objects and sources are represented as points respectively
in a same multidimensiona space. Themode consists of the common joint configuration showing the relationships among objects,
among sources, and between objects and sources, and the asymmetry weight showing the salience of asymmetric relationships among
objectsfor each source. In the configuration of objects for a source, each object is represented asa point and acircle (sphere,
hypersphere). Anaobject does not have its own radius, but the radius of the circle representing an object for a source, showing the
asymmetry of the object for the source, isdetermined by the distance between two points representing the object and the source.

Joseph A. Olsen
Brigham Y oung University

Estimating and Comparing Classical Test Theory Measurement Models

Four measurement modelsfrom classical test theory (congeneric, tau-equivalent, paralel, and strictly paralel) are commonly
estimated and tested for goodness of fit, usually using confirmatory factor analysis. The latter three are typically defined by
cumulatively imposing equality restrictions on the factor loadings, residua variances, and item intercepts of a basic congeneric
structure. Other combinations of these restrictions give rise to four additional models which are seldom discussed or have yet to be
formally addressed in theliterature. This paper considersall eight of these models, outlining procedures for model estimation using
both structural equation modeling and linear mixed models. The paper also examinesthe 19 nested and 9 non-nested comparisons
among the modelsin terms of conditiona and unconditiona tests of equality restrictions on sets of model parameters, aswell as
general goodness-of-fit evaluation. The paper broadens the range of potential options for researchers seeking parsimonious and well-
fitting measurement models, and encourages the treatment of measurement problemswithin the context of more general statistical
modeling strategies.
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ThomasR. O'Nsill
National Council of State Boards of Nursing (NCSBN)

Using Paired Comparisons and a One-Faceted Rasch Model to Create the Semantic Construct of Frequency

Using a paired comparison data collection procedure and a one-faceted Rasch model, a stable construct of frequency is derived using
43 non-numeric quantitative descriptors, such as never, almost never, rarely, sometimes, often, etc. This construct is acontextua in
that only the words or phrases were compared. Theraters were not supplied with any particular context. To make the paired
comparison survey more manageabl e certain assumptions were made that would result in a sparse, but connected 43x43 data matrix.
396 pairs were selected and each pair was assigned to one of two forms. The quality control proceduresto detect pair-order effects,
fatigue effects, aberrant raters, model mifit, etc. are discussed. The results were mapped onto a continuum, which seems to represent
the common understanding of frequency using non-numeric quantitative descriptors. These results have implications for how many
different strata of frequency people can reliably differentiate in spoken language. Furthermore, the methodology can easily be applied
to other similar semantic continua. This study does have a small sample size and the pool of raterswas not very diverse, therefore
future studies address those i ssues.

Maria Orlando and Kitty S. Chan
RAND Corporation

Evaluating DIF in Psychological Scales: |s Statistical Significance Enough?

IRT methodology isincreasingly employed for scale development and refinement outside the education field. However, these non-
educational IRT applications often involve established scales composed of carefully selected items, raising unique, and as yet
unresolved challenges. For example, in DIF applicationsinvolving scales of thistype, it isusualy not practical to delete or replace
DIF items. Thusit isnot always clear how to evaluate theimportance of observed significant DIF, and what, if anything, to do about
it. Thistalk will present methodological issuesthat emergedfrom an NIMH study of DIF in two adolescent depression measures.
Using the likelihood ratio method of detection, several significant DIF items were identified according to gender, age, hedth satus
and substance abuse risk using data from two large public-use datasets. To evaluate the importance of the significant DIF, the size of
the DIF, calculated as the average difference between reference and focal group location parameters, and the area under the curve
between the reference and focal group category response functions were examined, in conjunction with ICCs and consideration of
item content. Integrating information from these different perspectives may be useful to the decision-making process when significant
DIF isencountered in non-educational applications.

Tatsuo Otsu
Nationa Center for University Entrance Examinations

Linking Tests By Nonlinear Factor Analysis For Continuous And Binary Variables

Comparisons and linking of achievement tests often require anaysis of nonlinear relationship between scores. Here, a nonlinear factor
anadysismodel that uses spline transformation of latent variablesis proposed. Continuous and binary variables are admitted by the
model. For binary valued variables, logits of the binomia mean parameters are expressed as piecewise polynomialsof the latent
variables. Using week prior distributions for unique variances, stable estimation of nonlinear transformation parameterswas achieved.
Discrete approximation of the latent variables with assumption of conditional independence enables easy adaptation for the missing
values of aMAR (missing at random) condition.

Examples of artificial data and achievement test datawith variables of uncommon subjects are shown.
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Mark Otten
UCLA

A Longitudinal Examination of the Dimensionality and Predictors of Sport Confidence

The purpose of the study wasto test the dimensionality of the Sport Confidence Inventory and examine how sport confidence changes
in relation to motivational climate over the course of a competitive volleyball season. 163 female volleyball playersaged 11 to 18
years were administered a modified version of the Sport Confidence Inventory and the Perceived Moativational Climatein Sport
Questionnaire &t the beginning (T1), middle (T2), and end (T3) of the season. An exploratory factor analysis using minimum residual
factor extraction and Tandem Criteria rotation revealed a general sport confidence factor, with each of the 22 itemsloading at greater
than .40 at each time point. Change over time was tested with alatent growth model and indicated sport confidence did not

significantly increase or decrease, while performance climate increased and mastery climate decreased acrosstime. Regression
anayses revealed that performance climate negatively predicted and magtery climate positively predicted sport confidence at each
time point. Cross-lag regression analyses revealed that performance climate at T1 influenced sport confidence at T2, and T2 mastery
climate predicted T3 sport confidence. Applied implications associated with the stability of sport confidence and the differential
influence of mativationa climate on sport confidence will be discussed.

Koken Ozaki and Hideki Toyoda
Waseda University

Paired Comparison IRT mode by 3-value judgment: estimation of item parameters prior to the adminigtration of the test

Currently, test operation using IRT (Item Response Theory) requires test itemsto be undergo parameter estimation by the examinees.
Furthermore, after equating, the items may be included in an item pool used for several tests. However, thistest operation method
containsthe probability of item content leakage. Thus, estimating item parameters while keeping item contents secret will become
useful. In this study, to make such a Stuation possible, amodel in which item parameters were estimated using paired comparison
from the perspective of the difficulty of items by a rater familiar with the field is proposed. And, item parameter estimation using
information function is also proposed, to reduce the number of ratings while keeping sufficient estimation accuracy. The estimation
accuracy of thismodel was confirmed in asimulation study, and the feasibility of its usein practical settings is demonstrated using
actual data.

Insu Paegk
Harcourt Assessment, USA

Mark Wilson,
University of California, Berkeley, USA

Type | error and Power of Multidimensiona and Unidimensional DIF Methodsin aMultidimensional Test: MRCML DIF mode,
RCML DIF modd, and SIBTEST

Based on the multidimens onal random coefficient multinomial logit (MRCML) model (Adams, Wilson, & Wang, 1997), a
multidimensional DIF model (MRCML DIF moddl) isformulated and its performance is investigated using simulated dichotomous
response data. The foci of the investigation were the recovery of the DIF parameter in the MRCML DIF model, its Type | error rates,
and its statistical power.

The unidimensional RCML DIF modd (Paek & Wilson in preparation) and SIBTEST (Shedy & Stout 1993a) were a so applied to
see the effect of using a unidimensional DIF investigation for amultidimensional test. The MRCML DIF mode performed very well
in terms of DIF parameter recovery, Type |l error rates and power. Interestingly, the applications of the unidimensional DIF modelsto
these between-item multidimensional dataalso resulted in avery good performance in their DIF parameter recoveries, Typel error
rates and power.
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Richard J. Patz
Stanford University

LihuaYao
CTB/McGraw-Hill

Hierarchical and Multidimensional Models for Measuring Devel opmental Growth in Educational Achievement

This paper examines psychometric modeling approaches for measuring growth in educational achievement across years of schooling.
Focusing on item response theory (IRT) scaling procedures, we examine model assumptions used in the "vertica scaling” of test
formsfor different grade levels, and we compare "~ divide and conquer” and unified approaches to models and data analysesin this
context. We introduce and expl ore two unified approaches: 1) ahierarchical multi-group IRT model that allows explicit estimation of
the functional form of the grade-to-grade growth patterns, and 2) a multidimensional, multi-group IRT model that captures differences
in dimensionality and scale definition across grade levels. We explore properties of these models using smulated data and data from
awriting assessment that spans grades 3-7.

Ling Peng and Adam Finn
University of Alberta

What Exactly Do Consumers Respond to in a Concept Test?

Concept testing plays apivotal rolein resource dlocation decisons in the new product devel opment process. This study uses
generalizability theory as a conceptual framework for identifying what exactly consumersrespond to in a concept test and quantifying
the factors that contribute to its outcome. The observed measurement outcomes are determined not only by concept factors, but also
by response task factors, respondent characteristics and situational factors and their interactions, reflecting response to both the
concept and the testing context. An illustrative G-study varies the structure of a concept test by randomly sampling some factors (e.g.,
concepts, scales and subjects), manipulating the fixed levels of other factors (e.g., occasions) while keeping other factors constant.
Estimates of the variance components from different sources of variation in the test are used to show managers how to design cost-
and time- efficient concept testsfor different decision making purposes. This study provides abetter understanding of what exactly
consumers respond to in a concept test, and as a result can suggest more appropriate concept testing practices.

Marike Polak, Willem J. Heiser, and Mark de Rooij
Leiden University

Correspondence Analysis as an dternative to Principal Component Analysisfor single-peaked data

Single-peaked (unimodal) datanaturally arise in avariety of research settings, e.g. marketing research, ecological research and in
archeology. In psychology single-peaked response curves can be found, for instance, in attitude measurement: people with moderate
tolerance towards euthanasia will less likely agree with statements that are either very much infavor of euthanasiaor very much
againgt euthanasia. As a consequence, only agreement and not disagreement, is an indicator of similarity among respondentsin terms
of the underlying trait being measured.

In many cases principal component analysis (PCA) is used to eval uate the psychometric properties of a measurement instrument.
However, in the case of single-peaked data this technique is not optimally suited because it is based on alinear or monotonic model.

In this paper we will explore the surplus value of correspondence analysis (CA) for evaluating a measurement instrument for
personality devel opment, which is expected to produce single-peaked data. CA is known to correctly represent perfect single-peaked
data (e.g. Heiser, 1981), however the quality of representation is unknown in the case of error or approximate single-peakedness.

Keywords: unipolar data, ANACOR, validity research, developmental psychology
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Mary Pommerich, Daniel O. Segall and losif A. Krass
DMDC

Evaluating the Scale of Itemswithin CAT Pools Using Adaptive Data

Itemswithin a CAT pool may often come from different pretest administrations. Item parameters from different pretest
adminigrations may be calibrated separately and placed onto the same scale, typically using acommon item linkage. The scaling of a
CAT poal (i.e., whether items from separate sources are truly on the same scale) is only as good as the quality of the linkage
conducted to place the parameters on the same scale. After pools have been used operationaly, it may be useful to evaluate whether
items from different calibration samples areindeed on the same scale. This paper compares two procedures for computing
transformation constants that place within-pool item parametersfrom one source onto the scale of item parameters from another
source. The methods are applied to a single group design, where some common items are shared across examinees. The single-group
design isinherent in the administration of a CAT pool, and isin contrast with the design used with traditional proceduresfor
computing scale transformation constants (i.e., examinees across two groups take different sets of items that each contain a fixed set
of common items). Hence, the traditional procedures cannot be used in the case of CAT datawith no fixed set of common items. The
first procedure that is studied computes margina maximum likelihood estimates of the transformation constants, where the
maximization is conducted with respect to the transformation constants and the popul ation mean and variance. The second procedure
finds the transformation constants that minimize a quadratic loss function. The accuracy of the proceduresin recovering thetrue
transformation constantsis assessed using a realistic CAT simulation.

Wai-Yin Poon and Sik-Yum Lee
The Chinese University of Hong Kong

Structural Equation Model Analysis of Missing and Heterogeneous Data

Structural equation models are widely used to model rel ationships among latent unobservable constructs and observable variables.
Two problemsin practical applications are the presence of missing observations and the heterogeneity of the data set. We develop a
two-level model to account for heterogeneity, and use an EM type algorithm to handle missing observations. The resultant procedure
can be applied to analyze a wide range of models, can handle data sets with unbalanced design and small level-one units, and allows
constraints to be imposed on parametersthat are associated with different levels. The work in this presentation was partially supported
by a grant from the Research Grants Council of the Hong Kong Special Administrative Region, China (RGC Ref No.
CUHK4347/01H).

Gilles Raiche
Université du Québec a Montréal

Jean-Guy Blais
Université de Montréal

Comparison of the marginal bias and standard error of the proficiency level according to the true and the estimated proficiency levels

According to the usual practice, when the bias and the standard error of the proficiency level are computed in simulated IRT studies, it
isin reference to selected marginal generating true proficiency levels. But, considering the fact that future practitioners can’t have
access to these sdlected generating proficiency levels, the need would be to obtain the bias and the standard error according to

marginal selected estimated proficiency levels, the only values of interest to him. In this study, the bias and the standard error of the
proficiency level were compared between two marginalization strategies, estimated and true proficiency levels, and between five
different estimation methods, MLE, BME, WLE, EAP and AEAP based on the 3PL model. Results of 2000 simulations of 85 fixed
itemstests a each of 15 simulated proficiency levels showed the advantage to margindize according to the estimated proficiency
level. Results also indicated that when marginalization is applied with the estimated proficiency level in place of the true one,

different conclusions about the superiority of the different estimation methods according to diminishing bias and standard error are
drawn. Even the WLE estimation method lost his superiority, being supplanted by the AEAP estimation method.
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Nilam Ram, Sy-Miin Chow, Kevin J. Grimm
Univergity of Virginia

Frank Fujita
Indiana University South Bend

John R. Nessdlroade
Univergity of Virginia

Examining the Dynamics of Pleasant and Unpleasant Emotions Using Spectral Analysis and the Rating Scale Model

Capitalizing on trait (or ability) estimates obtained from the Rating Scale Model (Andrich, 1978), a Rasch-family model for
polytomous items, we use these estimates to run a series of spectral and cross-spectral analyses. Starting with a complete data set in
which daily self-reportsof love and anger from 178 college studentswere collected over 52 days, selected itemswere dropped from
the data set such that for each of the pre-defined measurement periods, only data from a subset of items were retained. The Rating
Scale model was used to provide linkages among these items to yield daily estimates of each individual’s latent levels of love and
anger. Comparing spectral analysis results based on the compl ete and i ncomplete data revealed that the Rating Scale model provides
an effective and accurate way of linking polytomous items that measure the same latent trait and can be of great utilities to researchers
interested in implementing longitudinal studies with planned incomplete design.

Tenko Raykov
Fordham University

John Tisak
Bowling Green State University

Studying Stability of Reliability in Repeated Measure Moddl s Eliminating Variable Specificity

A covariance structure analysis method for testing stability of reliability in multiple wave, multiple indicator modelsis outlined. The
approach accounts for observed variable specificity and permitsin addition point and interval estimation of religbility in terms of
“pure” measurement error variance. The proposed procedure is developed within a confirmatory factor analysisframework and is
illustrated with data from a cognitive i ntervention study.

Mark D. Reckase
Michigan State University

Using IRT to Design a Fixed Length Test

Test design has been considered more of an artistic endeavor than a scientific one. This paper will show how to design the statistica
characteristics of a fixed length test within an item response theory framework. Two different form construction philosophies are
described and used to create Statistical test specifications: testing examinees randomly sel ected from a specified population to a
desired level of precision; and testing over arange of thetrait scaleto adesired level of precision. Inboth cases, the ideal difficulty
distribution is broader than istypically seen in professionally devel oped tests. For the test to measure over arange of the trait scale,
the idedl test has counter intuitive characteristics that have very interesting properties. Severd examplesof ideal test specifications
will be provided.

Frank Rijmen
HCIV

An IRT model with a parameter-driven process for change

An IRT mode for binary longitudinal datais presented. The heterogeneity between personsistaken into account by a continuous
latent variable, asin common IRT models. Autodependencies are accounted for by assuming within-subject variability with respect to
the parameters of the IRT model. More in particular, the parameters of the IRT model are governed by an unobserved or “hidden”
homogeneous Markov process. The model includesthe mixture linear logistic test model (Mislevy & Verhest, 1990), the mixture
Rasch model (Rost, 1990), and the Saltus model (Wilson, 1989) as specific instantiations. The model is applied to a longitudinal
experiment on discontinuity in conservation acquisition (van der Maas, 1993).
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Fumiko Samegjima
University of Tennessee

LPE Graded Response Model, a Natural Expansion of the Logistic Positive Exponent Family of Models for Dichotomous Responses

Samejima (2000) has proposed the logistic positive exponent family of models (LPEF) for dichotomous responseswhich provides: 1)
consistent ordering of the maximum likelihood estimates of ability theta obtained from the individual response patterns, and 2) ways
of dealing with two opposing principles depending on the psychological reality because of the third parameter, called acceleration
parameter. Thisfamily of modelsincludesthelogistic modd (Birnbaum, 1968) as a transition from one principle to the other.

The LPEF can be expanded naturally to agraded response model. Inthe present paper, it will be shown how it can be done.

Samejima (1969, 1972) has expanded dichotomous response model s such as the normal ogive and logistic models (Lord & Novick,
1968) to graded response models, which belong to the homogeneous case (Samegjima, 1972). A big difference of the present model,
called LPE graded response modedl, isthat it belongs to the heterogeneous case as opposed to the homogeneous case.  The resultant
model is observed and discussed with respect to its operating characteristics, basic functions, item response information functions,
item information function, etc.

Samejima (1973, 1974) has also shown that those graded response model s in the homogeneous case can be expanded to model s for
continuous responses. 1t will be demongtrated that this can be done with the LPE graded response model, in somewhat different way
since it belongs to the heterogeneous case, but just as naturally as those modelsin the homogeneous case.

Albert Satorra
Universitat Pompeu Fabra

Structural equation models for complementary data

Victoria Savade
UCLA

A Statistically Justified Pairwise ML Method for Incomplete Nonnormal Data: A Comparison with Direct ML and Pairwise ADF

This paper proposes a new approach to the statistical analysis of pairwise-present covariance structure data. The estimator isbased on
maximizing the complete data likelihood, while the associated test Satistics and standard errors are corrected for misspecification.
These corrections (known as Satorra-Bentler corrections) adjust for misspecification due to the use of the incorrect weight matrix
resulting from pairwise computed covariances, aswell asfor possible nonnormality of the data. A Monte Carlo study isused to
evaluate this methodology. The new pairwise method is compared to direct ML with the Y uan-Bentler corrections and to pairwise
ADF. Data were generated from a four-factor model; sample sze, missing mechanism, and proportion of missing data were varied.
Modd fit, relative accuracy of estimates, and their relative efficiency were assessed. Theresults generally favored direct ML over
either of the pairwise methods, while ADF performed the worst. The inferior performance of the two pairwise methods relative to
direct ML was primarily due to inflated test statistics. Among unusual findings was that MCAR data presented more problems for dl
methods than did MAR data; it is suggested that number of missing patterns might be more important than missing data mechanism,
especialy when data are nonnormal.
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Kathleen Scalise
UC Berkeley

A New Approach to Computer Adaptive Assessment with IRT Construct-Modeled Item Bundles ( Testlets): An Application of the
BEAR Assessment System

This paper will describe a new computer adaptive assessment approach being used in the UC Berkd ey "Smart Homework™
implementation of ChemQuery, an NSF-funded project. The approach uses testlet theory and IRT (facets model) to calibrate a series
of testlets againg athree-dimensiona construct framework, generating item difficulties used to adaptively ddliver customized
homework sets to each student according to anew construct-based non-hierarchical delivery algorithm. Data has currently been
collected from about 500 students on one dimension and analysis on the validity, reliability and fit characteristics of the approach is
now underway. The proposed paper will discussthe approach and first results. Note that models and approaches used are an
adaptation of the BEAR (Berkeley Evaluation and Assessment Research) Assessment System. The modeled framework isthe
Perspectives of Chemists, developed as a multi-dimensional performance construct for chemistry by the UC Berkeley chemistry
department and the Mark Wilson group in quantitative measurement in education. The framework is embedded in a new chemistry
curriculum, Living by Chemistry, currently being deployed to school districts nationaly.

Daniel O. Segall
DMDC

Modeling and Detecting Collaboration: A Multidimensional Item Response Theory Approach

This paper presents anew method for assessing consistency of test performance across two occasions, where on one occasion the level
of performance may have resulted from a collaboration of two or more test-takers, and on the second occasion it isnot. The new
procedure is based on the application of Bayesian model assessment methodology to multidimensiona item response theory. A
simulation study based on a high-stakes multi pl e-aptitude test-battery was conducted to eval uate the proposed method. The new
procedure was found to be superior to one based only on a discriminant analysis of final test-scores.

Eisuke Segawa
University of Illinois, Chicago

A growth model for multilevel ordinal data

In order to analyze growth of atrait latent variable measured by ordinal items, we formulated multi-indicator growth models as specia
three-level hierarchical generalized linear models. Items are nested within atime-point and time-points are nested within a subject.
They are special because they include factor analytic structure. Our models can analyze, not only data with item- and time-level
missing observations, but aso data whose time points are freely specified over subjects. Further, we implemented features useful for
longitudina analyses, “autoregressive error degree one” structure for thetrait residuals and estimated time-scores. Our approach is
Bayesian with Markov Chain and Monte Carlo and our models are implemented in BUGS. They areillustrated with two simulated
data sets and onereal data set with planned missing items that are missing within a scale.
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Shohel Shimizu and Aapo Hyvarinen
University of Helsinki

Y utaka Kano
Osaka University

Exploratory causal inference using nonnormality
Path analysisis often applied to observational datato study causal structures.

The path analysisis an extension of regression anaysis where many endogenous and exogenous variables can be anayzed
simultaneoudly. Now path analysisisincorporated with factor analysis and allows latent variablesin the model. The new framework
iscalled structural equation modeling (SEM) and is a powerful tool of causal analysis. However, SEM is of confirmatory nature and
researchers have to model true causal relationships based on background knowledge.

Lack of background knowledge often involves many difficulties such as inability of determining direction of a path and aserious bias
of an estimate caused by unnoticed confounding variables.

These limitations mainly come from normal assumption in the SEM. Shimizu and Kano (2003) and Kano and Shimizu (2003) rel axed
therestriction and showed that use of nonnormality extends conventional SEM and makesit possible to examine the following three
modelsi) the determination of a direction of a path; ii) detection and adjustment of unobserved confounding variables; iii) avariant of
bi-directed causal model. In this paper, we combine these three model s and develop a new statistical method for exploratory causal
inference using nonnormality of observed variables.

Klaas Sijtsma and Andries van der Ark,
Tilburg University

Outlier detection in test and questionnaire data

Outliers are often identified as observationsin the tails of the distribution of an interval variable. They are seen as anuisance because
they may exercise an extraordinary and undesirabl e influence on the outcome of the statistical analysis of on€’ sdata. For continuous
variables and variables with many discrete categories the definition of outliers poses noreal problems. Thisis different when a
variable has only few, say, no morethan five, categories. Such variables, or items, are typical of psychological testsand
guestionnaires. This paper proposes several simple and easy-to-use methods to identify and study outliersin test and questionnaire
data based on N respondents who responded to Jitems, and compares these methods using simulated an real data setswith respect to
their usefulnessin data analysis. The methods are ssimple so asto be easily applicable in the research of colleagues who were not
extensively trained in applied statistics but are motivated to solve problems such as those caused by unidentified outliers.
Recommendations are given with respect to the use of outlier detection methodsin the anaysisof real test and questionnaire data.

Mary Ann Simpson and Terry A. Ackerman
University of North Carolina at Greensboro

Parameter recovery in Markov Monte Carlo Chain (MCMC) estimation of a generalized MIRT model

MCMC techniques have made it possible to estimate the parameters of complex multidimensional item response models. The current
study isthefirg of a series of studies examining parameter recovery in MCMC estimation of the generalized multidimensiona item
response (GMIRT) mode, amodd in which the compensation between the abilities required by a task is assessed on a continuum
from0to 1. The GMIRT model should prove useful in examining the relative importance of the cognitive components of a task-- for
instance, to what degree does a mathematics problem require problem solving skills, and to what degree can a student "get by" with
superior content knowledge. Item parameter recovery for the GMIRT model under varying conditions of sample size (N= 3000,
6000), item-pooal size (n = 25, 50) and correlation among abilities (A(2;,2) =0, .30, .60) will be assessed. A two-dimensiona Rasch
GMIRT mode will be studied, and WINBUGS version 1.4 will be used for the MCMC simulations. Pilot resultsinvolving the Rasch
GMIRT model with 30 items, 4000 examinees and A(2,,2;) = Ohave been very promising. In thesetrials, the RMSE for the b
parameter was .42 and that for the compensation parameter was .009.
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Xin-Yuan Song and Sik-Yum Lee
The Chinese University of Hong Kong

ML analysis of a multi-sample nonlinear structural equation model with fixed covariates and ordinal variables.

This paper discusses the ML estimation and model selection in the context of a multi-sample nonlinear structural equation model with
fixed covariates and ordinal variables. To avoid computation of the complicated multipleintegralsinvolved in the conditiona
expectations, aMonte Carlo EM (MCEM) algorithm isimplemented to obtain the ML estimates, in which the E-step is completed
with the help of a hybrid agorithm that combines the Gibbs sampler and the Metropolis-Hastings algorithm, and the M-step is
completed by conditional maximization. Path sampling procedure for computing the observed data likelihood, whichisinvolved in
the computation of Bayesian information criterion (BIC) for model comparison, is discussed. The methodologies areillustrated with a
real application to quality of life research.

Leonardo S. Sotaridonaand Seung W. Choi
CTB/McGraw-Hill

Rob R. Meijer
University of Twente

The Effect of Misfitting Response Vectors on Item Calibration and Test Equating

Person fit statigtics are very helpful in identifying examinees whose response behavior are not in accordance with the hypothesized
item response theory model. Examinees having such behavior are said to have misfitting response vectors (mrv) or smply misfitting
examinees. We hypothesized that the pressence of mrv has an unpleasant effect of reducing the accuracy of the estimates of theitem
parameters and would yield misleading result on test equating. For example, the more response vectorsin the dataset that are
misfitting, the lesser precise the parameter estimates will be and the resulting equated parameters will not yield comparable results. An
approach which is an application of person fit analysisis proposed that aimed to enhance both the accuracy of the estimated item
parametersin an IRT framework and the quality of test equating results. We will show through empirical and simulation studiesthe
practical usefulness of this approach.

Leonardo Sotaridona, Launa Hodgson, and Erica Connelly
CTB/McGraw-Hill

Identifying Test Form

Standardized tests oftentimes consig of parale forms. Cases occur, however, where examinees fail to reflect thetest form taken in
the answer sheet. This creates a problem for scoring, as different forms have different answer key configurations. The typical solution
donein practiceisto assign to the unknown answer sheet thetest form that gives the highest score. However, no previous studies are
available which explore the merit(s) and/or negative consequence(s) of this approach. This paper investigates the positive and
negative consegquences of the present approach. Additionaly, two methods are proposed: one based on the likelihood of the observed
response pattern given the test form; and the other one based on the response similarity between the observed response pattern and the
answer keys. The new methods take into account the estimated ability of the examinee and the item parameters. Details of the
methods will beillustrated and their usefulness will be investigated in empirical and simulation studies.
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Douglas Steinley
University of Illinois Urbana-Champaign

Profiling Local Optimain K-means Clustering: Devel oping a Diagnostic Technique

Using the cluster generation procedure proposed by Steinley and Henson (2004), the performance of K-means clustering is
investigated under the following scenarios:. (a) different probabilities of cluster overlap, (b) different types of cluster overlap, (c)
varying samples sizes, clusters, and dimensions, (d) different multivariate distributions of clusters, and (€) various multidimensional
data structures. Theresults are evaluated in terms of the Hubert- Arabie adjusted Rand index and several observations concerning the
performance of K-means clustering are made. Finally, the paper concludes with athe proposal of a diagnostic technique indicating
when the partitioning given by a K-means cluster analysis can be trusted. By combining the information from several observable
characteristics of the data (number of clusters, number of variables, sample size, etc.) with the prevalence of unique local optimain
several thousand implementations of the K-means algorithm, a method capable of guiding key data analysis decisionsiis provided.

Y oshio Takane
McGill University

Michad A. Hunter
University of Victoria

Heungsun Hwang
HEC Montred

An Improved Method for Generalized Structured Component Analysis

Generalized structured component analysis (GSCA) has been devel oped for path anadysis with latent variables defined as exact linear
combinations of observed variables. Unlike the partial least squares (PLS) approach, GSCA systematically minimizes a single global
optimization criterion by an dternating least squares algorithm. In this paper we present an improved method for GSCA both
conceptually and algorithmically. Thisimprovement is afforded by rewriting al concelvable modelsto be fitted in the form of ZA =
E, where Z isthe data matrix (including both exogenous and endogenous variables), A isthe matrix of path coefficients (structured in
avariety of ways), and E isthe matrix of residuals, and by minimizing SS(E) under a variety of constraints.(zero constraints, linear
equality and possibly inequality constraints, normalization constraints). Examples are given to illugtrate the method.

Janneke te Marvelde
Tilburg University

A Comparison of Methodsto Investigate an I nvariante Ordering of Polytomous Items

An invariant item ordering (110) isan identical ordering of the items according to difficulty (ability tests) or popularity (personality or
attitude tests) for every individual in the population, with the exception of possible ties. An 110 facilitates the interpretation of test
results. In addition, several applications may require an 110, such as the investigation of devel opmental theories, differential item
functioning, aberrant response patterns, and the use of starting and sopping rulesin test administration.

Previous research showed that only very restrictive parametric item response theory (IRT) modelsfor polytomousitem scoresimply
an 110, which complicates theresearch in the context of the existing parametric IRT. In this presentation, | will compare three
methods from a nonparametric IRT framework to investigate an 110 for polytomous items. First, two nonparametric models (the
isotonic ordina probability model and the strong double monotonicity model) that imply an 110 will be discussed. Second, the
existing methods to investigate |10 are explained and extensions of these methods are discussed. Finally, sensitivity and specificity of
these methods are presented.

Keywords: invariant item ordering, polytomous items, item response theory, honparametric item response theory, strong double
monotonicity model, isotonic ordinal probability model
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David Thissen and Cheryl D. Hill
Department of Psychology, UNC-CH

Infinite Slope Estimatesin Item Response Theory

It iswell-known that the maximum likelihood estimates of the discrimination parameters for IRT models are infinite for datathat lie
on aboundary of the data space: For a set of items that appear to be “a perfect Guttman sca€’ given the data, the maximum likelihood
estimates of the dope parameters areinfinite and the trace lines are step functions. Discussion in this presentation focuses on data for
which the maximum likelihood estimate of the discrimination parameter for asingleitem isinfinite (given datathat do not correspond
to a Guttman scal e pattern), while the discrimination parameter for another item has a(reasonable) finite estimate. Such data appear to
be surprisingly likely when two items with three response categories each arefitted with Samejima’ s graded item response model.
Whilelesslikely, it appearsthat it is possible to observe such results while fitting the graded model to pairs of items withmore than
three response categories. These observationslead to considerations of the rel ation between the parameter space and the data space for
IRT models, and an ana ogy with the storied Heywood case of factor anaysis.

Hideki Toyoda and Kentaro Nakamura
Waseda University

Therdiablity of students evaluating university teaching: an analysis of four-facet data by generaizability model and structural
equation modeling.

In our study, we examined rdiability of students evaluating university teaching. Through analyzing four-facet data (teaching, rater,
viewpoint, occasion) by statistical model underlying generalizability theory, we identified and estimated the magnitude of each source
of variation. We discussed the reliability from the point of view of generalizability coefficient and index of dependability, changing
the number of raters and viewpoints. Conditions to keep sufficient accuracy of the evaluation were shown at each actual Stuation. We
also showed a new method to eval uate the reliablity at each level of facets by using structural equation modeling. It istacitly assumed
to be tau-equivalent tests in generalizability theory. But each level of facets may differ in terms of its mean or variance. By our hew
method, one can take into account these differences and examin the rdiability of students evaluating university teaching more
accurately.

Keywords: evaluating university teaching, generalizability theory, reliability, structural equation modeling, rating data.

Hideki Toyoda and Akihiro Saito
Waseda University

Exploratory positioning analysis: Multi-mode multivariate analysis for semantic differential data

Semantic differential data (SD data) is athree-mode data consisting of "respondent” (e.g. John and Jane), "scal€" (e.g. short-long and
superior-inferior) and "target" (e.g. Harvard University and Columbia University). If the "target" consist of a combination of
superordinate concept, such as university and school (e.g. Harvard Law School, Harvard Business School, Columbia Law School and
Columbia Business Schoal), the data is four-mode, or greater. If the "respondent™ is multigroup (e.g. Harvard student and Columbia
student), thisis a three-mode multigroup data.

The purpose of this presentation isto propose an exploratory positioning analysis method for analyzing SD data asin the examples
above, based on multi-mode multivariate statistical models. This new method can be easily implemented by using structural equation
modeling (SEM) programs such as LISREL and CALIS, because the mean structure and covariance structure of this method can be
expressed as submodels of SEM.

In this presentation, we will explain the process of the model establishment and positioning. Furthermore, actual application of this
method to three-mode, three-mode multigroup and four-mode datawill be shown.
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Tsung-Hsun Tsai, Robert Sykes and Matthew Gordon
CTB/McGraw-Hill

Significant Characterigtics of Anchor Itemsin the Common-Item, Nonequivalent Groups Design

The purpose of this study isto examine the effects on equating of varying significant aspects of anchor item sets (e.g., the number of
multiple-choice and constructed-response items) of mixed-format examinations. Specifically, this study seeks to determine which
anchor item set produces the best equating when the test forms contain mixed item types.

The anchor item set having similar content proportionality to the total test form is defined as the baseline anchor set. Stocking-L ord
equating of two other anchor item setsisto be compared to the baseline anchor item set. The study utilizes a Reading gate
assessment. The old form and the three new forms were designed to meet the same content and Statistical specifications. Each form
was anchored to the preceding form. Each item is classified into one of six content standards. Thereporting scoreis based on araw
score to scale score conversion table.

Results of the Poly-DIMTEST dimensionality analyses reveal ed that one of the new formswas not strictly unidimensional. The
preliminary analyses on the data indicated that the difference between the parameters and the transformed estimates became smaller
and the corréation increased, the more similar anchor item set content proportionality wasto the entire test form.

Francis Tuerlinckx
University of Leuven

Estimating acquaintance volume with a hierarchica IRT model

Knowledge about the average acquaintance volume and the interindividual variation of the acquaintance volumesin the population is
important in the study of social networks. In this paper, we tackle the estimation of both quantities by framing the research question as
a capture-recapture problem. Second, a newly devel oped measurement instrument will be described. Next, we will propose a
hierarchical IRT model (with acquaintances nested within respondents) to estimate the number of acquaintances for each respondent
and the average number in the population. Finally, some results will be presented making use of Bayesian inferential techniques.

Rien van der Leeden, Marike Polak and Renske Doorenspl eet
Leiden University

Scaling of Democracy: exploring changes over time

In political science, especially in comparative politics and internationd relations, the measurement and classification of democrecy is
a key topic. The most widely used democracy scale, positioning independent states relative to each other, has been developed within
the Polity Project (Gurr, 1974 [Polity I]; Gur, Jaggers and Moore, 1990 [Polity 11]; Jaggers and Gurr, 1995 [Polity I11]; Marshall and
Jaggers, 2002 [Pality 1V]). Gurr’ s scalerelies on five indicator variables and uses an a priori coding and weighting scheme. Van der
Leeden, Polak and Doorenspleet (2004) discuss anumber of problems and ambiguities concerning Gurr’ s approach, and present an
alternative scale of democracy based on a data analysis approach of the Polity 1V data set.

In this paper we take the data analysis approach to the scaling of democracy one step further. In addition to the cross-sectional
treatment of the problem of scaling democracy, we will explore the longitudinal nature of the Polity 1V data set which contains data
for most independent countries on annual basis since 1800. CATPCA was applied for scale construction in a longitudinal set-up, and
results are compared with Gurr’ s approach regarding the ability to display the development of democracy over time.

Keywords: CATPCA, MCORRESPONDENCE, scal e construction, longitudina approach, democracy
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Wim J. van der Linden
University of Twente

Evaluating Equating Error in Observed-Score Equating

Traditionally, error in equating observed scores on two versions of atest is defined as the difference between the transformations that
equates their quantilesin the sample and in the population of examinees. For example, this definition underlies the well-known
approximation to the andard error of equating by Lord (1982). But it isargued that if the goa of equating is to map the observed-
score distributions of examinees from one version of thetest onto the distributions they would have had if they had taken another
version, the criterion for evaluating equating error should be based on the difference between these distributions.

Two equivalent definitions of equating error based on this criterion are formulated. One definition is based on the difference between

the transformation actually used and one that gives the correct equating; the other on the difference between the distribution functions
for the equated scores resulting from these two transformations. It is shown how these definitions can be used to evaluate any method
of observed score equating if the two testsfit an IRT moddl.

In an extensive empirical study, we evaluated the bias and M SE in the classical equipercentile method and two new conditional
methods for the equating of two linear test aswell asfor these methods and a test-characterigtic function (TCF) method for the
equating of an adaptive test to alinear test. The results showed serious bias and M SE for the equipercentile and TCF method, whereas
the conditional methods were virtually error free. It isargued that thisresult is due to the fact that the former are based on asingle
transformation that has to compromise between the observed-score distributions of different examinees, while the latter account for
the differences between these distributions because they are based on a family of conditiona transformations.

Key words: biasin equating; conditional equating; equating error; IRT observed-score equating; marginal eguating; mean-squared
error of equating; observed-score equating.

Wim J. van der Linden
University of Twente

Multilevel Modeling of Speed and Accuracy on Test Items

The literature on response times on tests shows various atempts to model responsetimesin an IRT framework. Thereason isan
assumed interaction between the parameters that govern a person’'sresponse times and his/her response variable for the items. For one
thing, it has been felt that response-time modeling should be based on the speed-accuracy tradeoff that has been the focus of much of
the more substantive literature on response times (e.g. Luce, 1983). This assumption seemsto entail the necessity of an
accuracy/ability parameter in the response-time model. Besides, it isoften assumed that more difficult items require moretime. This
assumption seemsto entail the necessity of an item difficulty parameter in the response-time model. It is argued that these
assumptions are wrong and that the only way to model such interactionsis asa multilevel structure with higher-level components for
both the person and item parameters.

In this presentation we focus particularly on the response-time aspect of the problem. We will discuss two versions of anormal and
lognormal model for the response timeswith aparameter structure analogousto the 2PL response modelsin IRT. Itisshown how the
parameters can be estimated by a Markov chain Monte Carlo (MCMC) method (Gibbs sampler). We tested the vaidity of the model
for a dataset from the adaptive version of a test from the Armed Services Vocational Aptitude Battery (ASVAB). Though thefit of the
normal model was already satisfactory, the lognormal model showed improved fit in its upper tail, revealing a characteristic right
skewness of the response time distributions. An equality constraint on the discrimination parameters of all itemsled only to negligible
loss of validity.

In thefinal part of the paper we will discuss how to model response times on items with different response formats and indicate how
our models can be used to improve the current practice of item calibration and ability estimation.
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Joost R. van Ginkel
Tilburg University

Multiple imputation of item scoresin test and questionnaire data, and i nfluence on psychometric results

Missing data can be a serious problem in psychological research. Listwise deletion isthe most commonly used method for dealing
with missing data, athough more sophisticated methods are available, based on multiple imputation. In general these methodswork
wdll, but are often too complicated to understand for social scientists that have no statistical background. In the context of test and
guestionnaire data several easier imputation methods have been devel oped aswell.

The aim of this study was to compare the performance of the easier imputation methods to a more complicated method under several
conditions. In asimulation study we compared the results of Mokken scale analysis and riability analysis for complete test datawith
theresultsfor imputed test data. Seven multiple imputation methods were studied: random imputation, two-way, two-way with
normally distributed errors, response function with completely observed cases, response function with incompl etely observed cases,
CIMS with normally distributed errors and multivariate normal imputation.

The simple methods two-way with normally distributed errors and CIMSwith normally distributed errors performed better than the
more complicated method multivariate norma imputation. Furthermore, the bias of the results due to imputation were generally very
small.

Cornelis M. van Putten, Arianne Smits, and Mark de Rooij
Leiden University

Stability of category quantificationsin multiple correspondence analysis under two ways to remove outlier dominance: A case study

HOMALS, atechnique for multiple correspondence anaysis of categorical data, generates dimensions dominated by outlying objects
and categories when one or more objects have scored in combinations of categories not shared by the other objects. Two waysto
remove outlier dominance were compared for a data set with outlier dominance on the fird¢ HOMALS dimension: disregarding the
dimension dominated by outliers versus deleting the outlying objects. For eachway the stability of the category quantificationsfor the
resulting sol ution was investigated by bootstrap resampling with replacement. Confidence regionsfor these quantifications generated
from the 1000 pseudo-samples of the bootstraps turned out to be comparable for both ways to remove outlier dominance.

Keywords: Categorical data, multiple correspondence analysis, optimal scaling, HOMALS, bootstrap resampling, confidence region,
robustness

Peter van Rijn
University of Amsterdam

Dynamic item response models

The modeling of individual change has been atopic of dispute in the literature on psychological measurement of change. Severa
modelsthat allow for change over time have been developed in the framework of item response theory. Most of these models only
contain parametersthat specify group change. In this paper, a dynamic item response model for the analysis of multivariate
dichotomous time series obtained from a single subject is presented. The model can be seen as a dynamic generalization of the Rasch
model. The key difference between the common Rasch model and the dynamic version liesin the replacement of the latent person
variable by a latent person process. With the current generalization, different types of dynamic structures can be modelled of which
two are highlighted, namely the random walk and the auto-regressive modedl. Methods to obtain parameter estimates of these dynamic
Rasch models are discussed and illustrated by a real dataexample.

Page 46 of 53

http://www.psychometrika.org/PDFS/IMPS2004_abstracts.pdf



IMPS 2004 Abstracts
(Organized by surname of first author)

Nathan A. Vandergrift
University of North Carolina Chapd Hill

Residual s based examination of fit for non-dynamically consistent models

Many longitudinal processes, particularly in psychology, evolve nonlinearly. Nonlinear longitudinal mixed effects models can be
estimated as latent curve models (LCM) within the SEM framework. Unfortunately, LCM methodol ogy cannot directly accommodate
functionsthat are not dynamically consistent (not linear in the parameters). Therefore, LCMs of such functions are known, a priori, to
be misspecified. Not merely in the sensethat all models are approximations of redity, but evenif the underlying longitudinal process
isknown, the LCM will till be wrong. Given this misspecification and that &l chi-square based fit indices involve an assumption
about the model being true in the population these type indices will often fail to provide good guidance for researchers. This paper
will propose two related residual based metrics to evaluate mode fit. Oneisbased upon individual residuals and the other will
aggregate over individuals, but within occasion of measurement. Theseresidual metricswill provide an absol ute account of how well
the moddl isfitting the individual datathrough comparing model implied and individual trajectories. Potentially these metricswill be
ableto aid researchersin modd selection; furthermore, they will provide a method for assessing modd fit for individual curves rather
than aggregate information.

Choulakian Vartan, Allard Jacques and Almhana Jala
Université de Moncton

The Robustified Centroid Method.

Thiswork addresses several aspectsof Burt and Thurstone’ s centroid method in multivariate analysis. First, we describe how the
centroid method and classical principal component analysis can be understood under a single framework. Then, we generdizethe
centroid method into an infinite family of discrete structure models that converge to classical principal component analysis. We also
present robustified version of the discrete structure models. Finally, we present a genetic local algorithm to implement the robustified
discrete structure models. Simulations are performed to assess the performance of the genetic local search algorithm and the
robustness of the discrete sructure method. Finaly, areal dataset with missing values and multiple outliersis analyzed.

Ingmar Visser
University of Amsterdam

Multivariate latent Markov modelsfor arbitrary length time series: An implementation and application

In this paper | consider latent Markov models with multiple indicators (MLMM). The MLMM can be seen as a generalization of 1)
the standard latent or hidden Markov model (which in most applications has a Sngleindicator) or 2) the latent class model (which has
T=1, i.e, there are no repeated measurements). For long time series, say T>50, the usua estimation procedures for these models break
down dueto underflow issues. Therefore, procedures from the hidden Markov modd literature are used. Anaytical expressionsfor
the score and information are derived for dependent (multivariate) and independent (multigroup) time series. When using gradients
and Hessian, it is possible to usegenera purpose optimization routinesto arrive at maximum likelihood estimates of the parameters.
The derivations are quite general, and in particular, the model isnot limited to categorical data but isalso applicable to mixtures of
continuous and categorical data. The aim of the model and program isto model individual multivariate time-series datain such away
asto be able to compare individual s and test for heterogeneity/homogeneity. That is, the aim isto investigate differencesin intra-
individual modd structure.

Matthias von Davier
Educational Testing Service

Current Developmentsin Estimating Latent Distributions

Thistalk presents selected research and development efforts to extend the capabilities of methods for margina estimation of latent
distributions. Thetalk will discuss current examples of research on extending operational models, adapting the model to accommodate
differences between subgroup response sets or individua response patterns, and on improving parameter estimation by eliminating
technical approximations of previous approaches.
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Matthias von Davier and Sandip Sinharay
Educational Testing Service

Application of Stochastic EM Methods to Latent Distribution Models

The reporting methods in large scal e assessments like NAEP, IALS, TIMSS and PIRLS rely on virtualy identical statistical models
for generating multivariate posterior distributions of latent traits. Mislevy refersto these model as conditioning models whilethis
approach may also be viewed as latent regression model, or, as Adams and coworkersview it, amultilevel IRT modd. Thefirst level
of themodd is a p-scale IRT measurement model defining the response probabilitieson a set of items depending on a p-dimensional
latent trait variable 8=( 61, B2, ... 8p). The second level models the conditional distribution of the latent trait 6 by a multivariate,
multiple regression on a set of predictor variables, which consist of student, school and teacher variablesin assessments like the ones
mentioned above.

Maximum likelihood estimation of the parameters requires multivariate integrals to be eval uated, which can be done either by
numerical integration or by some approximate solution of the integral. An algorithm for estimating this model isimplemented inthe
MGROUP programs developed at the ETS. Mislevy (1984, 1985) introduced the EM agorithm for estimating this latent distribution
moddl. The E-step isnot straightforward, though, especially if multivariate latent distribution are involved. The methods implemented
in the Bgroup (Midevy & Sheehan, 1989) and Cgroup (Thomas, 1993) software arenot entirely satisfactory and there is scope to
improve. They either use numerica integration and are feasible up to only two dimensions, or they handle multivariate cases using
Laplace approximations and rely on assumptions that may not always be met.

This paper presents a comparison of the operational methods, used in NAEP and other assessments since 1993, with an
implementation stochastic EM methods utilizing importance sampling. Stochastic EM carries out the E-step by drawing a sample
from an appropriately chosen distribution. The paper presents a sudy whether stochastic EM methods provide more accurate results
than existing methods of estimation. We will outline the stochastic EM method and compare its results with currently available
algorithms. Results based on simulated data model ed after a nationa 5-dimensiona assessment (comparison to multivariate Cgroup)
and datafrom a nationa large scal e assessment (comparison to bivariate Bgroup and Cgroup) will be presented.

Matthias von Davier and Alina A. von Davier
Educational Testing Service

A Unified Framework for IRT Scale Linking and Scale Transformations

This presentation examines IRT scale transformations and IRT scale linking methods used in the Non-Equivalent Groups with Anchor
Test design (NEAT) to link two tests, X and Y. More exactly, we propose a unifying approach to the commonly used IRT linking
methods: "mean-mean”, "mean-var linking", "concurrent calibration,” Lord and Stocking, and Haebara characteristic curves
approaches, and fixed-item parameters scale linkage. The main ideais to view any linking procedure as arestriction on the item
parameter space. Once thisis understood, arewriting of thelog-likelihood function, and an accordingly implemented maximization
procedure of the log-likelihood function under linear (or non-linear restrictions) will accomplish the linking. The proposed method
uses Lagrange multipliers and is general enough to cover the usual Item Response Models, the one parameter logistic (1PL) model,
2PL, and 3PL models aswell as polytomous unidimensional IRT models like the generalized partia credit model.

Keywords: Item Response Models, Scale Transformation, Test Linking, Non-Equivalent Groups with Anchor Test Design, Nonlinear
restrictions, Maximization procedures, Lagrange Multipliers.
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Xiang Bo Wang
The College Board

Louis Mi Wang
Pennsbury High School

Investigating the Properties of the Reliability Estimation Formula by Gulliksen (1950)

In his 1950 book Theory of Mental Tests, Gulliksen devised the formula to estimate test reliability using item P+ and point-biserial
correlaions.

This formula is further explicated by Crocker and Algina (1986) and Allen and Yen (1979). The advantage of this formulais that
unlike KR-20 or KR-21, it does not require examinee score variance to estimate test reliability. This strength is very useful because it
helps test makers predict reliability of new parallel test formswithout actually administering it.

The object of this paper is to explicate some of the less known mathematical properties of this formula, including the conditions in
which this formula produces negative reliability coefficients and P+ has little effect on reliability. A combination of detailed
mathematical proofs and systematic smulationswill be presented.

Xiang Bo Wang, Wayne Camara, Jennifer Kobrin, and Ying Zhou
The College Board

Accounting for Factors Affecting the SAT Performance of Asian American and Pacific Idander Students

Recently, there has been increased interest in the SAT performance of Asian American and Pacific I ander (AAPI) students aswell as
the factors that affect their test performance. Based on the historical data from the College Board over the past 11 years, the object of
this paper istwo-fold: firgt to describe the overall SAT performance trends of AAPI students as well as the those trends conditioned
on anumber of demographic variables, including sudents’ social economic status, parental education, school type, first language and
best language use, gender and so on. Secondly, this paper will explore the intrinsic relationships among SAT performance and the
demographic variables using various data analysis and model methodologies including both regression and structura equation
modeling. In addition to presenting empirical results, discussion will also be devoted to several methodol ogical issues, such as theory
formulation and model fit and selection.

Matthijs J. Warrens
Leiden University

On ordering properties of classical optimal scaling

Guttman (1941) proposed a generaization of principal component analysisto multivariate categorica data. The method is known
under many names but will be referred to, following McDonald (1983), as classica optimal scaling (abbreviated as COS). The method
has some interesting propertieswhen applied to categorical scoreswith an assumed latent dominance structure. Such dataare usudly
andyzed by unidimensiona cumulative item response models, either parametric or nonparametric (Mokken, 1971).

The work of Schriever (1985) on the dichotomous case is extended to the polytomous case. Conditions are specified under which the
category scores of the unidimensional COS are ordered. The results are demonstrated on generated data, conforming to the
polytomous perfect scale and the graded response mode.

Keywords: Classical optimal scaling, ordered category scores
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Greg Welch and Kevin H. Kim
University of Pittsburgh

An Evaluation of the Heishman Transformation for Simulating Non-Normal Datain Structural Equation Modeling

In structura equation modeling, the Fleishman (1978) and Vale & Mardlli (1983) transformations are often used to generate data with
specified distributional parameters.

Maximum likelihood (ML) estimation is known to be robust to types of violations of normality. Unfortunately, the robustness of ML
estimation to data obtained from the aforementioned transformationsis unknown. To examine thisissue, this study utilized 15
conditionsfalling into classes defined by transformations of the: (1) errors and/or factors; (2) variables; and (3) errorsin a
misspecified model. Within each of the classes, various levels of non-normality were imposed on a 3-factor confirmatory factor
analysismode. Model test statistics and standard errors of the normal theory estimator (ML) and the rescaled version (ML-SB)
(Satorra & Bentler, 1988, 1994) were compared. Class 1 conditions resulted in higher model rejection ratesfor the norma theory ML
than for ML-SB. Rejection rateswere very similar in class 2 and 3 conditions. Standard error estimates of factor loadings were
different for each method within each class of conditions. The robustness of normal theory ML estimation to class 1 transformations
can be overcome by applying alternative transformation methods, such asthat put forth by Hu, Bentler, & Kano (1992).

Victor L. Willson and Zhongmiao Wang
Texas A&M University

Indifference Regions for Goodness of Fit Indicesin SEM

While maximum likelihood solutions provide optimal solutions under the assumptions of the method, point estimates do not
necessarily provide sufficient information to eval uate either model adequacy or parameter adequacy. This paper details the results of a
simulation study of the distributional characteristics of various goodness of fit indices such as the comparative fit index, normed fit
index, and Bayesian Information Criterion among others with respect to parameter spaces for several different structural equation
models. Sample size and parameter size and redundancy were investigated in an iterative graphically-based procedure using SAS
macros. Initial results are shown that illustrate indifference regions (using values for high and adequate model fit according to the
various fit indices. Theseregions vary greatly from index to index for the same data sets, as shown by various graphs.

Carol M. Woods & David M.Thissen
University of North Carolina at Chapel Hill

Item Response Theory with Estimation of the Latent Population Distribution Using Spline-Based Densities

Thisresearch introduces a new method for fitting item response theory model s with the latent population distribution estimated from
the data using splines. Previous item parameter estimation systems have most often assumed a normal population distribution, which
may be a mis-specification. Alternatives that use different functiona forms, or a histogram, to represent the popul ation distribution
have not been unambiguoudy successful. A spline-based density estimation system provides aflexible aternative. A smulation study
shows that the procedure isfeasible in practice, and that when the latent distribution isnot well approximated as normal, 2PL item
parameter estimates can be improved over what they would be from the normal model. An example using responsesto items of the
Maudsley Obsessional Compulsive Inventory illustrates results that may be obtained with this method.
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Werner Wothke, George Burket, LiSue Chen, Furong Gao, Lianghua Shu, and
Mike Chia
CTB/McGraw-Hill

Multimodal Likelihoodsin IRT-Based Response-Pattern Scoring. Will The Real Maximum Likelihood Score Please Stand Up?

In psychological and educational testing with item response theory models, it has been known for some time that the likelihood
function of a respondent's ability may have multiple modes, flat maxima, or both. These conditions, often associated with guessing of
multi ple-choice questions, can introduce uncertainty and bias to ability estimation by maximum likelihood when standard Newton
solutions are employed. This paper evaluates the performance of several maximization methods, including initial (grid) searches
probing the function dopes, smulated annealing, exhaustive likelihood eval uations, and the standard Newton algorithm. In extensive
studies, involving several hundred thousand records of both generated and rea data, the algorithms were evaluated with respect to
precision and speed. Three methods, exhaustive search, smulated annealing, and grid search followed by Newton steps, all yielded
maximum likelihood estimates at the required precision. At today's computer speeds, either of these algorithms is fast enough for
high-volume response-pattern scoring.

Margaret L Wu and Raymond J Adams
University of Mebourne

User-defined Fit Statistics for the RCML models

Wu (1997) derived afit gtatistics for the random coefficients multinomial logit model (RCML; Adams & Wilson, 1996), and thiswas
implemented in the ConQuest software (Wu, Adams & Wilson, 1998). Thisfit Satisticsis based on those presented by Wright and
Masters (1982). The Wright and Masters statisticswere extended in two ways. First they were extended for application to a more
generalised modd, providing fit at thelevel of the parameter rather than at thelevel of the ‘item’. Second, the Wright and Magters
statistics were developed for use with unconditional maximum likelihood estimates, and so they had to be extended for use with
marginal maximum likelihood estimates.

In this paper, the Wu fit statistics are further generalised to provide user-defined fit tests. For example, one can devise afit statistic
for scores on groups of itemsingead of for individual items. Similarly, rater groups can be assessed in terms of the fit to the model.
Fit statistics can be defined through the specification of a“design matrix”, alowing for flexibility in terms of how itemsare
combined. The software ConQuest now incorporates this feature of fit testing for variables constructed by the user.

Xudi Xu
Unversity of Illinais, Urbana-Champaign

Young-Sun Lee
Teachers College, Columbia University

Jeff Douglas
University of Illinais, Urbana-Champaign.

Nonparametric IRT Equating

IRT-based equating is devel oped for nonparametric models. Under the IRT framework, the items from two different test forms are
first calibrated on the same scale through possibly different transformation functions, and then the IRT-based equating is to find the
relationship between the transformations. For a 3 parameter logistic model, equating utilizes the observation that P(0; a, b, ¢) = P(A6
+ B; @A, Ab+ B, ¢). Thus, it isnatura to use asimple linear function to find the equating relationship. However, this may not be
appropriate if the parametric form of ICCsisnot correct. To addressthis, a nonparametric IRT equating method is proposed. In this
research, many methods could be used to estimate nonparametric ICCs, amonotone spline function is used to estimate the equating
function. Thismethod is studied with smulation and real data. This method can also be considered as a general framework for IRT-
based equating with the parametric linear transformation as a special case.
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Hirokazu Y anagihara
University of Tsukuba

Corrected Version of AIC for Selecting Multivariate Normal Linear Regression Modelsin a General Nonnormal Case

This paper dealswith the bias correction of AIC for selecting variablesin multivariate normal linear regression models when the true
distribution of observation isan unknown nonnormal distribution. We propose a corrected version of AIC which is partially
constructed by predicted residuals and adjusted to the exact unbiased estimator of the risk when the candidate model includes the true
model. It is pointed out that the influences of nonnormality in the bias of our criterion are smaller than the onesin AIC and TIC. We
verify that our criterion is better than the AIC, TIC and EIC by conducting numerical experiments.

Lihua Yao and Richard D. Schwarz
CTB/McGraw-Hill

Multidimensional Modelsfor Tests Consigting of Mixed Item Types

Multidimensiona |RT models have been proposed for better understanding the dimensional structure of data or to define diagnostic
profiles of student learning. A multidimensional partial-credit model is presented that is ageneralization of those proposed to date
along with anoncompensatory multidimensional model for multiple-choice data. Estimation of these models using MCMC methodsis
discussed. Many assessment programs have a mixture of item types in which multiple-choice and constructed-response are
administered together. A substantive exampleis presented in which the dimensonal structure of tests containing mixed item typesis
examined. Goodness-of-fit testing under various model formulationsis discussed.

Hsiu-Ting Yuand Carolyn J. Anderson
University of Illinois

Empirical Comparisons of Estimates of Item Response Theory Models and Log-Multiplicative Association Models

Thetheoretical connections and justifications linking Item Responses Theory (IRT) models and log-muiltiplicative association models
(LMA) are given in Holland (1990) and Anderson and Y u (2003). Inthistak, we present the results of a study investigating the
extent to which the theoretical connectionshold empirically under different assumptions of regarding the distribution for the latent
trait. In the standard IRT models, the underlying latent traits are assumed to be normaly distributed, but in the LMA models, the
conditional distribution of thelatent variable given aresponse pattern is assumed to be normal. The estimated parameters obtai ned
under different assumptions for the latent distributions will be compared using ssimulated data. Data are simulated according to
standard IRT models and parameters are estimated by fitting LMA and IRT models to the smulated data. The accuracy of the
estimates will be compared in terms of bias and error variances.

Ke-Hai Yuan
University of Notre Dame

Peter M. Bentler
University of California, Los Angeles

Standard Errors and Asymptotic Robustnessin Multilevel Models with Distributional Violations

Datain social and behavioral sciences are often hierarchically organized. Multilevel statistical methodol ogy was devel oped to anayze
such data. Most of the procedures for analyzing multilevel data are derived from maximum likelihood based on the normal
distribution assumption. Standard errorsfor parameter estimatesin these procedures are obtained from the corresponding information
matrix. Because practical datatypically contain heterogeneous marginal skewnesses and kurtoses, it isinteresting to know how
nonnormally distributed data affect the standard errors of parameter estimatesin a two-level structural equation model. Specifically,
we study how skewness and kurtosisin one level affect standard errors of parameter estimates within itslevel and outsideitslevel.
We also show that, parallel to asymptotic robustness theory in conventiona factor analysis, conditions exist for asymptotic robustness
of

standard errorsin a multilevel factor analysis modd.
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Duan Zhang and Victor L. Willson
Texas A&M University

Empirical Power and Type | Error Ratesfor Cross-Leve Interactionsin Multilevel Analysis

Multilevel analysis using hierarchical linear modeling (HLM) has been promoted in recent years as the preferred method for nested
designs such as studentsin classes in schools. It can be theoretically specified as a special case of the more genera structural equation
model (SEM) even though itsrepresentation in SEM might be very complex.

Thissimulation study investigated the power differences among HLM, a hybrid approach of HLM and SEM, and aresidual SEM
technique from the perspective of the second level regression weight. We explored how estimation variation influenced the power of
the models. All datawere generated in SAS-PC and analyzed by PROC MIXED and PROC CALIS.

It appeared that for moderate first-level sample sze the power of all three models increased with the increasing second | evel
regression weight. HLM was affected more by the second level regression weight, unlike the other two methods. This trend was not
found for the bigger first-level sample sze given the same number of second level units. The discussion aimed at the possible
explanation of the situation and its interpretation for the real world research.

Guangjian Zhang
The Ohio State University

Bootstrapping Dynamic Factor Analysis

Dynamic factor analysisis a useful tool for investigating intra-individual change over time. Evaluating dynamic factor andysis
model's, however, is much more difficult than evaluating the usual between-person factor analysis models. Thisis dueto the difficulty
of deriving the correct likelihood function for dynamic factor analysis models. Consequently, standard errors and fit measures
obtained from normal theory maximum likelihood estimation may bewrong if the likelihood functions are intractable. We propose
two bootstrap methods to obtain standard errors and fit measures for dynamic factor analysis models. The parametric bootstrap islike
aMonte Carlo study in which population parameters are estimates obtai ned from the data. The moving block bootstrap forms
exchangeabl e blocks from the data, and these blocks are then resampled with replacement. As an illustration, the proposed methods
will be used to analyze mood data.

Wen Zhang and James O. Ramsay
McGill University

Bivariate Functional Regularization for the Detection of Cortical Region Transition

Detection of transition regions of adjacent areas and their subdivisions within the human cerebral cortex always poses difficultiesin
the area of neuroimaging dueto the inhomogeneities in the patterns of cell arrangements.

In this paper we propose a bivariate functional regularization of both test lines (traverses) along the cortical surface and the pixel
intensities (profiles) aong one traverse. We expand the restrictions on covariate functions z (the structura information of profiles) and
allow z takes values z(t; x) varying over both arguments, where t and X represent profiles and traverses respectivel y. We approximate
the bivariate densty functions with basis expansion and regularizing the fit with roughness penaties. What's new here iswe restrict
bases toward both arguments simultaneoudy to regularize the curvature of the surface.

As an alternative to the roughness penalty, we' ve also tried to apply the total variation which controlsthe size of jumps aswell asthe
boundaries of different cortical areas. This approach provided evidence for a certain number of peaksin the cell density despite
cortical convexities, concavities, and other staining inhomogeneities.

Keywords. Functiona dataanalysis, bivariate functional regularization, cerebra cortex, cytoarchitecture, transition regions,
traverses, profiles.
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