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A Study of Equating in NAEP 1

Abstract

This study investigates the amount of uncertainty added to NAEP estimates by equating
error under both ideal and less than ideal circumstances. For example, circumstances led
to a situation in which the 1994 to 1992 reading assessment equating had to be based on
a set of common items that was both smaller, and more heavily weighted toward multiple
choice, than anticipated. If performance on the two types of items does not change at the
same rate over time, such equatings might introduce systematic bias in trends measured
from equated scores. Data from past administrations are used to guide simulations of
various (better and worse) equating designs, and error due to equating is estimated
empirically.

The design includes a variety of factors that might affect accuracy of equating, with the
levels of each factor based roughly on operational values in the NAEP 1992 and 1994
reading and 1992 mathematics assessments. The purpose is to estimate the approximate
additional uncertainty that might be introduced by equating from one assessment wave to
the next, and to determine what factors in the equating design contribute most to that
uncertainty. The specific factors investigated were number of items in the scale, the
proportion of items in the scale taken by each student, the proportion of items in each
administration which are common, the proportion of each item “type” in each scale, the
proportion of each item type among common items used for equating, the scale linking
strategy (IRT invariance, common item, or multiple group IRT linking), and the change
in ability from wave 1 to wave 2.

Common item scale linking performed very well, even under circumstances which were
far from ideal, including slight to moderate multidimensionality. Mean bias was esti-
mated to be no more than about 0.01 to 0.02 standard deviations (about 0.5 to 1.0
NAEP scale points). However, in nonideal conditions there were biases in the extreme
quantiles (5 percent, 10 percent, and 25 percent points) of the ability distribution, even
with no population shifts. These biases were several times as large as the mean bias and
could be large enough to create problems in tracking low performance and the means of
low performing groups over several waves of assessment. When both waves of data can
be scaled together, multiple group IRT methods provided very accurate scale linking,
with virtually no bias.
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Introduction

In this study we examined the problem of equating error in NAEP-like assessment designs
with complex samples and conditioning with multiple imputation, under conditions that
closely resemble those of an operational assessment. The simulations were based on
characteristics of the 1992 and 1994 NAEP reading and mathematics assessments.

A major question was how to incorporate “real data”—that is, characteristics of the actual
assessment—into the simulation design. Several approaches were considered. One
approach is to use item response strings from real respondents. This has the advantage of
producing absolutely real data. It would incorporate, for example, the degree to which
real item responses fail to conform to the item response model used in the analysis.
However it has the important disadvantage that the generating parameters (other than
scale length, number of items taken and number of items that are “common”) are not
under the control of the investigator and cannot be exactly known.

Another alternative is to use real data to derive reasonable values of person ability and
item parameters and then simulate item response strings based on those (known)
parameter values. This has the advantage of complete control over all relevant
parameters (and knowledge of their values). If the values of these parameters are derived
from estimates in operational assessments, they should be a good approximation to reality.
However, real data may fail to conform to our analytic models in ways we do not fully
understand (e.g., they may not fit the item response or multiple imputation model). This
procedure has the disadvantage that it cannot capture the consequences of the misfit of
real data to our analytic models. One might see the latter approach as suggesting a lower
bound for errors when the rest of the model fits exactly.

We decided to use this latter approach—to simulate data that fit the item response model
rather than use item response strings from real people. Specifically, we used the
distribution of person ability parameters and caseweights obtained in the 1992 and 1994
NAEP reading and mathematics assessments, item parameters selected from the values for
items in these same NAEP assessments, and the correlation between background
variables (used in conditioning) and ability scores observed in the 1992 NAEP
assessment.

Population. Two populations of person ability parameters were used in this study: one
derived from the 1992 NAEP mathematics assessment and the other from the 1994
NAEP reading assessment. They were derived by taking the abilities from a random
sample of 4,000 cases each from the 1992 NAEP mathematics and the 1994 NAEP
reading samples for 17-year-olds. The average of each person’s five plausible values
served as the generating values of the person ability populations. The weights for these
cases were preserved for the analysis as well.

Items. For the reading study, we used a sample of the item parameters from the 1992
reading assessment for 17-year-olds to serve as the generating item parameters. For the
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mathematics study, we used the item parameters of the 1992 NAEP mathematics
assessment for 17-year-olds. All item parameters were taken from the 1992 NAEP
technical manual.

Design

The rationale for the design is guided by features of operational NAEP and the
implementation of the short-term trend studies as part of the main assessment. Seven
factors defined the conditions we investigated initially:

Total number of items. Although the overall item pool in NAEP is large, scaling is
carried out within individual scales that have relatively small numbers of items. For
example, the 1994 NAEP reading scales ranged from 20 to 40 items and the 1992 NAEP
mathematics scales ranged from 21 to 47 items. Two scale lengths are examined in this
simulation—a short scale of 24 items and a long scale of 48 items.

Proportion of items taken by each student. In order to obtain information about a
range of items, each student who takes items on a particular scale takes only a fraction of
the total NAEP item pool on each scale. For example, in the 1994 reading assessment, a
student typically took one or two reading blocks corresponding to about one fourth of the
items on a scale (if only one item block corresponding to a scale was taken) or one half of
the items on a scale (if two blocks corresponding to the same scale were taken). This
simulation examined two situations corresponding to every student taking one fourth or
one half of the total number of items on the scale.

Proportion of items treated as common in equating. Although the same items are used
for each wave of the short-term trend studies in NAEP, not all of these items are treated
as common for the purposes of equating one assessment wave to the next. When the
parameters of an item drift too much from one assessment wave to the next, those items
are not included among the “common” items used for equating. Such drifting of item
parameters is more likely to occur for constructed response items where there has been a
change in the scoring procedures. For example, in the 1992 to 1994 reading short-term
trend analysis within the main assessment, improvements in the scoring procedures for
constructed response items led to decisions that only 57 percent to 85 percent of the
items could be used as common items for the purposes of equating. Like NAEP, the
simulation reported here used the same items for both waves of the assessment, but
examined two situations: one where 50 percent of the items were treated as common
in the equating and the other where 100 percent of the items were treated as common in the
equating.

Proportion of Type I items. There are two types of items in NAEP—multiple choice
items and constructed response items. Constructed response items are further subdivided
into short constructed response items (which are scored dichotomously, but with the



4 A Study of Equating in NAEP

guessing parameter set to zero) and extended constructed response items (which are
scored using a partial credit model). Overall, constructed response items made up from 47
percent to 81 percent of the total items in the three reading scales used in the 1994
NAEP reading assessment. In this simulation two types of items are included, which are
labeled Type I and Type II, corresponding to multiple choice and short (dichotomously
scored) constructed response items, respectively. Two scale types were investigated, one
with relatively few (50 percent) Type I items and with a larger proportion (two-thirds to
three-quarters) of Type I items. The exact proportions were varied somewhat to
accommodate other factors in the design.

The notion that Type I and Type II items measured slightly different ability dimensions
was realized by using the model underlying the Bock, Gibbons, and Muraki (1988) full
information item factor analysis model. Let �li be the ability of the ith person on the first
ability dimension (corresponding to what is measured in common by Type I and Type II
items) and let �2i be the ability measured only by Type II items. If Type I and Type II
items correspond to multiple choice and constructed response items, respectively, then �1i
might correspond to a dimension of general knowledge and �2i might correspond to a
production dimension measured only by constructed response items. The operational
ability for person i is + �

j
�

li 
������

j
��

2i
, where the value of �

j 
is determined by the type of

item. In this simulation we used the value � = 1 for Type I items and � = .9 for Type II
items.

Only dichotomously scored (short) constructed response items were examined in this
simulation for two reasons. The first is conceptual. The vast majority of constructed
response items are of the short constructed response type. For example, 80 percent of the
constructed response items in the 1994 NAEP reading assessment for 17-year-olds and
87 percent of the constructed response items in the 1992 NAEP mathematics assessment
for 17-year-olds were short constructed response items. Moreover, the extended
constructed response items actually showed less of a tendency to drift than did the short
constructed response items in the 1992 to 1994 reading short-term trend analysis. The
second reason that extended constructed response items were not used in the simulation
was that it would have required software that was not available to us (a NAEP proprietary
program combining Bilog and Parscale).

Proportion of Type I items treated as common for equating. In the 1992 to 1994 NAEP
reading short-term trend analysis within the main assessment, the items that were not
included as common items used for equating were exclusively constructed response items.
Consequently, although the scales were composed of between 47 percent and 71 percent
constructed response items, the common items used for equating had a much smaller
proportion of constructed response items, between 13 percent and 63 percent. It is
unclear what effect on equating might arise when the items on a scale are predominantly
of one type (e.g., constructed response) but the items treated as common for the purposes
of equating are predominantly of another type (e.g., multiple choice). In this simulation,
the proportion of Type I items used as common items for equating ranged from 16.7
percent to 50 percent.
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Type of equating and scale linking. Two alternative strategies for equating assessment
waves and linking scales were investigated in the main simulation: one based on strict
IRT invariance (which has been proposed for, but is not used in, operational NAEP) and
the other based on common item linking, which is similar to the strategy used in opera-
tional NAEP. In addition, we investigated a new strategy for equating and linking based
on multiple group IRT (Bock and Zimowski, 1997).

Change in ability from one assessment wave to the next. One of the problems that
contributes to the difficulties in linking scales in NAEP is that the ability distribution is
changing from one assessment wave to the next. For example the change from 1992 to
1994 in reading for 17-year-olds was about 0.12 standard deviations. In this simulation
we examined changes of 0.0 and 0.15 standard deviations between assessment waves. In
initial trials of this simulation, both ability dimensions (�1 and �2) were changed the same
amount. However, because change alone was not the primary interest, but differential
change in the two ability dimensions, changes were introduced in the simulation so that
the change in ability was only 90 percent as great on Type II items as on Type I items. Thus
the change introduced was -0.15 on Type I items, but it was only -0.135 on Type II
items.

The seven, two-level factors in the design description yield a total of 128 combinations
in the completely crossed design. Initial investigation suggested that 80 of these cells were
of most interest in that they posed the substantial challenges to equating and scale
linking. Consequently our analyses and reporting have concentrated on these 80
combinations of factors. These 80 combinations can be most easily described in terms of
20 cells defined by the first five design factors, crossed with the final two factors. We will
refer to the cells defined by the first five factors in the results that follow.

The following table describes the item layout that was generated for each replication of
each cell of the design defined by the first five factors described above.
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Item Layout: First Five Design Factors

Factor

 1  2   3  4   5
Scale  Total Common
Total Items Common Type I Type I
Items Taken  Items Items  Items

Cell
1 48 12 6 6 1
2 48 12 6 6 3
3 48 12 6 7 1
4 48 12 6 8 3
5 48 12 12 6 6

6 48 24 12 12 2
7 48 24 12 12 6
8 48 24 12 14 2
9 48 24 12 16 6
10 48 24 24 12 12

11 24 6 3 3 1
12 24 6 3 3 2
13 24 6 3 4 1
14 24 6 3 4 2
15 24 6 6 3 3

16 24 12 6 6 2
17 24 12 6 6 4
18 24 12 6 8 2
19 24 12 6 8 4
20 24 12 12 6 6

Scale Linking

In every scale linking there is a calibration step and a scaling step. The calibration step
involves obtaining item parameter estimates from a computer program. As in NAEP,
Bilog was used to do this calibration. The scaling step takes the output from the calibra-
tion program and turns it into scaled proficiency scores. This step is always a linear
transformation, so if T

i
 is the scaled proficiency score and �

i
 is the output from the

computer program,

Ti�	 A � B�i.
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There are two waves of test administrations: 1 and 2.

There are also potentially three sets of item parameter estimates: those based on
calibrating data from administration I, those based on calibrating data from
administration 2, and those based on calibration of the common data across the two
administrations. Call these sets of item parameters 1, 2, and C respectively.

Denote the ability score for person i in administration (time) j, estimated from parameter
k by �

i
(j, k), where the ith person in assessment wave 1 is not the same individual as the

ith person in wave 2. Then we have:

 �i(1,1): the ability of the ith person wave 1, estimated using item parameters from
the wave 1 calibration

 �i(1,C): the ability of the ith person in wave 1, estimated using item parameters
from the common calibration

 �i(2,C): the ability of the ith person in wave 2, estimated using item parameters
from the common calibration.

Define the moments of the �
i
(j, k) via:

M(j, k) = EW[�i(j, k)] (the weighted sample mean)

S(j, k) = �VARW[�i(j, k)] (the weighted standard deviation).

Denote the scaled scores corresponding to the above ability estimates as for �i above
except with a capital T instead of �, e.g., Ti(j, k) instead of �i(j, k).

Note that we need to define the scaling parameters A and B to define the linking. We
start with a scale defined by A and B which are given a priori. Note that A and B are the
mean and standard deviation of the scale if M( 1,1) =0 and S( 1,1) = 1, but there may be
cases when this is not true (as when wave 1 data has been previously linked to an earlier
scale).

IRT Invariance Linking

In IRT invariance linking we link scale 1 to scale 2 as follows:

Ti(2,1) = A + B*�i(2,1).

Note that this notation implies that all common items in wave 2 are constrained to have
their wave 1 parameters and the parameters of noncommon items are unconstrained. This



8 A Study of Equating in NAEP

is perhaps the strictest version of IRT invariance linking in that item drift (among items
taken as common for the purposes of equating) is uncontrolled and is therefore con-
founded with change in ability. Other linking possibilities exist. For example, the
method of Stocking and Lord (1983) imposes an item drift model by constraining the
mean and variance of the item parameters, but allowing the particular values of item
parameters to drift subject to this overall constraint. We evaluated this strict IRT
invariance model because it represents one extreme which performed surprisingly well in
the study of NAEP equating performed by Mazzeo and Donoghue (1995).

Common Item Linking

In common item linking we link scale 1 to scale 2 as follows:

Ti(2,C) = ACI + BCI*�i(2,C), where we derive ACI and BCI by making sure that
the mean and variance of Ti(1,C) are equal to those of Ti(1,1).

Note however that there is no reason to believe that M(1,C)=0, even if M(1,1)=0, since
the common calibration will change item parameters and therefore the ability scores.
Similarly, there is no reason to believe that S(1,C)=1 even if S(1,1)=1.

Since Ti(1,1) = A + B�i(1,1) has mean A + B*M(1,1) and standard deviation B*S(1,1),
then it follows that {[�i(1 ,C) – M( 1,C)]/S(1,C)}*B*S(1,1) + A + B*M(1,1) also has mean
A + B*M(1,1) and standard deviation B*S(1,1), since the term in brackets is just a z–
score. Collecting terms we get that:

ACI = A + B*M(1,1) – [M(1,C)/S(1,C)], BCI = B*S(1,1)/S(1,C).

Multiple Group IRT Linking

Multiple group IRT provides an alternative to the two linking strategies outlined above
(Bock and Zimowski, 1997). Multiple group IRT makes it possible to simultaneously
scale the items in several populations, using the distribution of ability in one of the
populations to anchor those of the other populations and providing automatic scale
linking. When several populations (e.g., several waves of trend data) can be scaled at
once, this method has theoretical advantages over the other models considered here.
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Item Types

We will assume that the items actually follow a variant of the multidimensional item
response model given in Bock, Gibbons, and Muraki (1988), where there are two ability
dimensions and a three parameter logistic item response model. In this model, the items
function as if there was a single ability which is a linear combination of the two individual
ability dimensions. The coefficients of this linear combination determine the factor
loading of each item on the ability factors. Thus if ��i, and ��i are ability scores on the two
abilities for person i, person i can be treated as if there were a single ability factor and the
ability score for item j was:

�. = �lj��i + (1-�1j)��i.

Thus to simulate Type I and Type II items, we generate two independent abilities such
that the � values have the required distribution while letting �

1j
 take on one value for

Type I items and another value for Type II items. We generate the ��i and ��i values by
assuming that they are uncorrelated, but that both abilities are equally correlated with
the background variables.

Multiple Imputation

In our simulation study we are able to make certain simplifying assumptions that make
computations easier. Since we estimate only one scale at a time, our ability scores are
univariate, not multivariate as in the main NAEP. Similarly, we can treat the background
variables as a single variable (one optimal composite of all the background variables).
This section is an attempt to clarify the procedures and the notation we will use:

xi—the ith person’s item response string, with elements xi� = (xij),

y
i
—the ith person’s background characteristics (all rolled into one variable),

�i—the ith person’s ability parameter,

�—the slope coefficient linking �i and yi,


—the residual standard deviation in the above regression.

The posterior distribution of �i given xi, yi, �, and 
 is given by:

p(�i�xi, yi,��
) = P(xi��i, yi,�,
)p(�i�yi,�,
).



10 A Study of Equating in NAEP

Since the item response model says xi depends only on �i, it follows that:

P(xi��i,yi,�,
) = P(xi��i) = Product over items p(xij��i), where p(xij��i) is just
the probability that person i gets item j correct, which is given as a function of
�i by the logistic IRT model.

The conditioning model says that �
i
 depends on background variable y

i
 via a linear

regression. We can standardize y
i
, and �

i
 is already standardized, so:

�i = �yi + �i, where �i ~ N(0, 
2)

Therefore p(�i�yi,�,
) = �(�i –��yi)/
)/
, where � is the standard normal probability
density function. In the univariate case � = correlation(yi,�i), and 
2 = 1 – �2, so 

determines �.

We use NAEP’s multiple imputation process (which includes the conditioning on
background variables). The process has three steps:

1. Draw a value of � from the normal approximation of p(�,
�x
i
, y

i
) fixing 
 at

its mean. We set 
, so we know its value and since 
 determines � entirely,
this step is trivial.

2. Given � and 
 and yi, get the maximum likelihood estimate of the mean and
variance �p and 
p2 of the posterior distribution of �i given x1, yi, � and 
.

3. Sample 5 �i values from a normal distribution with mean �p and variance

p2—these are the plausible values.

Generating Values for Multiple Imputation

The NAEP technical manual reports the amount of variance in the �
i
’s that the

background variables account for (the R2 values) in the 1992 NAEP analysis. In reading,
the proportion of variance accounted for is 0.40 (based on 39 conditioning variables) in
the long-term trend and about 0.58 for each of the three reading scales (based on 115
principal components from 218 background variables) in the main assessment. In
mathematics the proportion of variance accounted for by the background variables
ranged from 0.20 to 0.31 for the five mathematics scales in the main assessment (based on
138 principal components from 238 background variables). Thus an R2 of 0.25 (for math)
and 0.52 (for reading) were chosen for the (squared) correlation between background
variables and �i.
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Simulation Methods

Overview

To the degree possible, control of the simulations was automated. We directed the
sequence of program runs needed to complete the study of test equating by automatically
generating batch files that called the necessary executables for simulation of data,
calibration, equating, generation of plausible values, and assessment of the plausible
values’ distribution. We used the public release of Bilog 3 (as described in Mislevy &
Bock, 1990) for all scaling except that in the multiple group IRT scaling analyses, where
we used Bilog-MG (as described by Bock and Zimowski, 1997). The other steps employed
programs written specifically for this project in the C programming language. Within a
particular cell of the design, we performed the following steps to evaluate IRT invariance
equating and common item equating:

1. Generate data for original (wave 1) assessment.

2. Calibrate the data, using Bilog.

3. Generate plausible values for original (wave 1) assessment.

4. Assess the distribution of the plausible values.

5. Generate wave 2 data, assuming no change in ability.

6. Calibrate wave 2 data, using IRT invariance equating strategy.

7. Generate plausible values.

8. Assess the distribution of the plausible values.

9. Calibrate wave 2 data, using common item equating strategy.

10. Generate plausible values.

11. Assess the distribution of the plausible values.

12. Generate new wave 2 data, assuming a change in ability (�
1
) of -0.15

standard deviations.

13. Calibrate the new wave 2 data, using IRT invariance equating strategy.

14. Generate plausible values.

15. Assess the distribution of the plausible values.
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16. Calibrate the new wave 2 data using common item equating strategy.

17. Generate plausible values.

18. Assess the distribution of the plausible values.

For multiple group IRT equating we generated new wave 1 and wave 2 data, equated
using Bilog-MG, and generated and analyzed plausible values as before.

In the paragraphs that follow, specific details of implementing each step of the simulation
are described.

Data Generation

It is convenient to think of the data generation process as comprising two stages:
generation of abilities and background data, and generation of item response strings.
Recall that we actually conceive ability as being two-dimensional; the first dimension
represents the ability assessed by Type I items, and the second dimension is the additional
capability required to complete Type II items successfully. Values for the first dimension of
ability (denoted �

i
) were sampled from the plausible values for 17-year-olds in the 1994

NAEP reading assessment or 1992 NAEP math assessment. We sampled 4002 cases, along
with case weights, and rescaled the values so that the weighted mean and variance were
zero and one, respectively. We sampled 4002 values so that for design cells with six blocks
of items we could administer each block to 667 putative individuals; for cells with four
blocks of items, we omitted two of the sampled values and administered each block to
1000 individuals. The same sample of 4002 values (or the first 4000 cases of that sample)
was employed in every cell. When the design called for a simulated shift in ability, we
simply subtracted 0.15 from each value. The distributions were slightly negatively
skewed, with some suggestion of a possible ceiling effect; this lack of symmetry was more
pronounced in the reading distribution than in the mathematics distribution. Figure 1
shows the approximate shape of the distributions, although the histogram does not
account for case weights. Abilities on the second dimension (�

2
) and values for the back-

ground variable were pseudo-randomly sampled from the standard normal
distribution.1 After sampling, we rescaled each distribution to have exactly zero mean and
unit variance. We then achieved the desired correlational structure by multiplying the
matrix comprising the columns of abilities and the background variable by the Cholesky
decomposition of the target correlation matrix.

We employed a modification of Bock’s full-information factor analysis model (Bock,
Gibbons & Muraki, 1988) to define the probability of an individual with particular values

1. Here, and throughout the simulation, pseudorandom normal numbers were generated by the polar
method (Knuth, 1981; Algorithm P) Uniform numbers were generated using a custom implementation
of Marsaglia’s( 1991) portable random number generator.
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of �i and �2 passing an item. The modifications involved two aspects. First, we employed
a logistic probability model, rather than the normal ogive approach. Second, we adjusted
the model to accommodate guessing. The resulting probability equation was:

P (xij = 1 ��i) = gj + 1 – gj

1 + exp [-aj(bj–���1i + (1 – �)�2i))]

where a, b, and g are the slope, threshold, and guessing parameter of the usual three
parameter logistic IRT model, � is a mixing coefficient bounded by zero and one, and x

ij
 is

equal to one when person i responds correctly to item j. Given particular values of item
and person parameters, a “correct” response was generated when a uniformly distributed
pseudorandom number was less than the probability derived from the equation;
otherwise, a failure was generated.

Item parameters for each cell of the simulation design were selected from the values
reported for the dichotomously scored items in the reading or mathematics assessments
for 17-year-olds in the 1992 NAEP technical report. Type II items were chosen from those
items with guessing parameters fixed at 0.0; Type I items were chosen from among the
others. We made an effort to keep the average threshold parameters in each block of six
items (cells 11-20) or 12 items (cells 1-10) near the overall mean threshold of approxi-
mately negative 0.5 for reading and 0.0 for mathematics. When cells differed only in the
number of common versus not common Type I items, the same generating item parameters
were used whenever possible. Within a cell, the same item parameters were used to gener-
ate wave one and wave two data.

Calibration and Equating

The wave one data were calibrated using Bilog 3 for DOS, with strong priors constraining
the intercept parameters of Type II items to be near zero (a value of 0.001 was actually
employed to avoid possible numerical difficulties associated with fixing a prior mean that
fell on the boundary of values allowed under a beta distribution). A special computer
program automatically generated the Bilog command file. At the completion of Bilog’s
item parameter estimation, estimates were preserved in a copy of the item output file; we
then used Bilog’s expected a posteriori ability estimation module, rescaling so that the
sample ability estimates had a mean of zero and unit variance. We generated wave two
data, and another special program generated a new Bilog command file that placed strong
priors on the common items, fixing them at the values output at the completion of phase
two in the previous estimation. The program also read the relevant Bilog output file from
wave one estimation to find the rescaling constants that were employed to achieve stan-
dardized ability estimates, and wrote the new Bilog command file in such a way that
rescaling of the new ability estimates would employ the same constants. The resultant
ability estimates thus represent estimates equated by the IRT invariance strategy. The same
Bilog command file was employed for invariance equating of the wave two data with an
ability shift (on the �

1
 dimension only) of 0.15 standard deviations.
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We implemented common item equating by a similar mechanism. A special computer
program generated a Bilog command file that simultaneously scaled all 8000 or 8004 cases
(including both wave one and wave two data). We treated common items as the same
regardless of which time they were employed; non–common items were treated as
distinct, even though they had the same generating values at both times. Thus, in a cell
with 48 items of which 24 were common, Bilog was instructed to scale 72 items, divided
among 12 test forms. Once again, we fixed the guessing parameters of Type II items at
approximately zero. We instructed Bilog to produce ability estimates in the standard
metric. Then a separate program derived rescaling constants A

CI
 and B

CI
 based on the first

4000 or 4002 estimated abilities from the common scaling run. The program wrote a
Bilog command file that fixed all item parameters at their previously estimated values,
and applied the newly derived scaling constants. The resultant abilities thus represent
estimates equated by the common item strategy.

We implemented multiple group IRT by jointly calibrated wave one and wave two data
together (treated as two groups) using Bilog-MG. The scales were linked by virtue of the
joint estimation of item parameters. This implementation illustrates the potential of
multiple group IRT if it were used to simultaneously scale two or more waves of trend
data. Such a use would be possible when a new trendline was established or an old one
rescaled to improve comparability across years.

Generation and Assessment of Plausible Values

The problem of generating plausible values was considerably simpler in our case than in
the real NAEP analyses, since the multivariate nature of the background variables was
simplified to a univariate relationship. Recall that at the data generation stage, we
produced a background variable, �, which was correlated with �1 and �2; the value of the
correlation was �. The background variable was scaled to have mean zero and variance
one, or a mean of -0.1 5/� when the ability was shifted. If ability were truly
unidimensional, then the mean and variance of the posterior distribution of a particular
person’s � could be obtained by appropriate manipulations of the integral of � times its
posterior density, and �2 times the posterior density of �. The posterior density is
proportional to:

P(�i�xi,yi,�, 
) = �(��i– �yi)/
)/
� p (xij��i),
                 j

where xij is the jth element of individual i’s item response string, 
 is the residual standard
deviation in the regression (and is thus wholly determined by �, since it is equal to the
square root of 1 – �2), and �(z) denotes the standard normal probability density function
evaluated at z. We evaluated these integrals numerically for each individual’s ability,
following a procedure that involved several steps. First, we identified an appropriate range
for integration (i.e., a range over which the function was numerically non-zero). Next, we
integrated to get the normalizing constant. Finally, we integrated � and �2 times the
normalized posterior density. The posterior mean was then taken to be the numerical
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result of the integral involving �, and the posterior variance was the second integral
minus the squared posterior mean. We then generated five plausible values for each
individual, by randomly sampling from the normal distribution with the obtained mean
and variance. We calculated the weighted means, variances, skew indexes, and kurtosis
indexes, as well as nine quantiles, for the 4000 (or 4002) replications of each of the five
plausible values. The results, presented in Section A and discussed in the Results section,
are the means of the five instances of each statistic.

Results

The results of this study suggest that the common item equating and scale linking used in
NAEP perform rather well on the average, even when each student takes only one
quarter of the items on the scale and the equating is based disproportionately on one type
of item. The average bias due to equating is the estimated difference in the mean of the
scaled ability distribution between one assessment wave and the next minus the change
in the actual means of the distributions of ability parameters for the two waves. While the
bias was statistically reliable in some cases (it was several times its standard error) it was
never large in comparison to the real changes that have been observed in NAEP. The
maximum bias in the scale mean under any of the conditions examined was only about
0.01 standard deviations in reading and 0.02 standard deviations in mathematics, which
(given a typical NAEP scale standard deviation of about 40) is about 0.5 to 1.0 scale
points. Multiple group IRT methods have the potential to produce even smaller biases.
The results for simulations based on ability distributions and item parameters for reading
and mathematics are discussed in detail below, followed by those of the simulation of
multiple group IRT equating for both subject matters.

Reading

For common item equations, the maximum bias in the scale mean under any of the
conditions examined was only about 0.011 standard deviations which (given a typical
NAEP scale standard deviation of about 40) is about 0.5 scale points. Table A.l presents
the mean bias (mean for wave 2 minus mean for wave 1 minus the true change) for 80
conditions selected from the design which are the conditions under which it is most
difficult to achieve equating and scale linking.

The pattern of bias suggests a few generalizations. Common item equating generally
appears to work best when the proportion of Type I items on the scale is the same as the
proportion of Type I items used as common items for equating. When these proportions
are highly unequal (that is when the common items used for equating are
disproportionately Type I items but the entire scale is not), then equating is poorest.
Population shifts generally, though not always, make equating more difficult. Surprisingly,
these data suggest that scale linking is not necessarily less biased for longer scales or when
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more of the items are taken by each student. The largest bias occurred when 24 items
(one half) of a 48 items scale were taken by each student.

While common item equating and scale linking performs remarkably well, it should be
noted that IRT invariance equating and scale linking does not. Table A.l shows that
when the mean bias is large, the bias using IRT invariance linking can be several times as
great as that of common item linking. The biases found here could be larger than 1.5
NAEP scale points, which is not negligible in absolute terms or in comparison to typical
NAEP sampling standard errors.

Higher scale moments. In addition to comparing the means of the equated scales, the
variances of the wave 1 and wave 2 (linked) scales were also compared. Table A.2
presents the ratio of each wave 2 scale variance to that of the original (wave 1) scale.
While it appears that the scales linked by the common item equating usually had larger
variances than the original scale, the increase in variance is small. Scale variances for IRT
invariance linked scales appear to be somewhat closer to the original scale variances. No
particularly notable patterns in the variance ratios are apparent.

The third and fourth moments of the original (wave 1) and linked distributions were also
compared. The differences between these statistics for the wave 1 distribution and those
of the linked (wave 2) distributions are given in tables A.3 and A.4. Since the nature of
the population shift from wave 1 to wave 2 is a constant movement, one would expect
these differences to be zero if the linking were perfect. It appears from these statistics that
common item linking performs well, even in situations where it would be expected to be
perform least well.

Comparisons of scale quantiles. Another way the linked (wave 2) distributions were
compared with the original (wave 1) distributions was by comparing the quantiles (the 1
percent, 5 percent, 10 percent, 25 percent, 50 percent, 75 percent, 90 percent, 95
percent, and 99 percent points of the distribution). Figures B.2 through B.20 in Section B
use these quantiles to illustrate the cumulative distribution of the original (wave 1)
distribution and the four linked (wave 2) distributions for the 20 configurations of items
discussed above. In each case there are two groups of ogives, with the curves in each group
virtually indistinguishable from one another. One group including the original (wave 1)
distribution and the linked distributions with no population change. The other group
corresponds to the two linked distributions with the -0.15 population change (see figures
B.2–B.21 in Section B).

These figures illustrate that the distributions match reasonably well in many cells.
However, in some cells, there are differences between the quantiles of the linked
distributions and what might be expected with perfect equating. These differences are
often, although not always, larger in the lower quantiles than at the upper part of the
distribution. Further, the differences occur even when there are no population changes.
For example in cells 6, 7, and 8 (where equating is generally poorest) the 5 percent, 10
percent, and 25 percent points in the wave 2 distribution obtained by common item
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linking differ from the corresponding quantiles of the wave 1 distribution by about 0.05,
0.04, and 0.03 standard deviations, respectively. These biases are statistically reliable,
being several times their standard errors. Assuming a typical NAEP standard deviation of
about 40 points, these biases would suggest that changes at these quantiles could be
misestimated by as much as 2 NAEP scale points, which would not be negligible.

Detailed information on comparisons of scale moments. Tables A.5 and A.6 provide a
more detailed report of the scale means for the 80 conditions previously discussed,
including the standard errors of each mean. Note that the means of the original (wave 1)
distribution are not identically zero. The reason is that, although the distribution of
generating values may have had a mean of 0 and a variance of 1, the ability values
estimated after scaling with a different set of items would no longer have a mean of zero.
Since different cells in the design called for items with somewhat different characteris-
tics, the means in the wave 1 distribution are slightly different in each cell of the design.

Tables A.7 and A.8 provide detailed information for the scale variances. Note that the
variances of the original (wave I) distribution of abilities are not all 1. As in the case of
the means, even if the generating distribution of abilities had a mean of one, the ability
values estimated after scaling with a different set of items would no longer have a variance
of one. Since different cells in the design called for items with somewhat different
characteristics, the variance of the wave 1 distribution is slightly different in each cell of
the design.

Tables A.9 and A.10 give the corresponding values for the scale skewness, while tables
A.11 and A.12 provide a summary of the scale kurtosis values. Tables of the quantiles are
not included, but they have been produced and are available on request.

Effects of increasing multidimensionality. The value of � used for Type II items in the
main simulation (� = 0.9) was chosen as probably reasonable after some examination of
the literature and discussion with the members of the NAEP Validity Studies Panel. To
see whether a smaller value of �, corresponding to a higher degree of multidimensionality,
would have a more deleterious effect on equating, one cell of the design was rerun with
��= 0.7, a value we considered to be too small to be realistic. In this simulation, the
change of -0.15 units in ability for Type I items is accompanied by a change of only -0.105
for Type II items.

The results of this simulation, given in table A.13, suggest that even under these
conditions common item linking performed about as well as under the other conditions
studied. The mean bias for common item linking was -0.009 standard deviations when
there was no population change and -0.011 standard deviations when there was a
population change.

The effect was greater for IRT invariance linking than for common item linking, but not
substantially greater than it was for IRT invariance linking with no population change.
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The mean bias for invariance linking was -0.003 standard deviations when there was no
population change and -0.039 standard deviations when there was a population change.

The effects of increased multidimensionality on the extreme quantiles of the distribution
are considerably larger than at the mean, but not substantially larger than for the cases
with less multidimensionality. Figure B.21 uses the quantiles to illustrate the cumulative
distribution of the original (wave 1) distribution and the four linked (wave 2)
distributions discussed in this section.

Effects of increasing the precision of the simulated values. The results previously
reported are based on 10 replications of each condition. However, since the number of
students is relatively large (4,000 per wave) and the generating ability distribution is
identical in each replication, the variation across replications is rather small. To
investigate whether results would change substantially with a larger number of
replications, 50 replications of cells 3, 5, 6, 7, 8, and 9 (where equating showed the
poorest performance) were run and compared with the results of the first 10. There was
no substantial change in results for the first four moments or the quantiles of the
distributions; in most cases, the quantiles shifted slightly only in the third decimal place.

Mathematics

The scale linking biases tended to be somewhat larger for mathematics than the
corresponding biases for reading. We believe that this may be associated with the lower
correlation between background variables and the mathematics ability scales. For
common item equating, the maximum bias in the scale mean under any of the conditions
examined was only about 0.021 standard deviations which (given a typical NAEP scale
standard deviation of about 40) is about 1.0 scale points. The maximum bias using strict
IRT invariance equating was more than twice as large as that for common item equating.
Table A.14 presents the mean bias (mean for wave 2 minus mean for wave 1 minus the
true change) for the 80 conditions selected from the design which were also examined for
the reading simulation. Because the reading study suggested that IRT invariance equating
was markedly inferior to common items equating, results for IRT invariance are presented
only for the case of no change in population ability (as a check on previous results).

The pattern of bias suggests a few generalizations. Common item equating generally
appears to work best when the proportion of Type I items on the scale is the same as the
proportion of Type I items used as common items for equating. When these proportions
are highly unequal (that is when the common items used for equating are
disproportionately Type I items but the entire scale is not), then equating is poorest.
Population shifts generally, though not always, make equating more difficult. These data
also suggest that scale linking is not necessarily any more or less biased for longer scales or
when more of the items are taken by each student. The two cells with the largest bias in
common item equating occurred when 12 items (one half) of a 24 item scale were taken
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by each student, hut the next largest biases occurred when students took 24 items (one
half) of a 48 item scale.

Common item equating and scale linking performs remarkably well, but IRT invariance
equating and scale linking does not, even when there is no change in the population
mean. Table A.14 shows that the mean bias using IRT invariance linking can be several
times as great as that of common item linking. The biases found here could be almost 2.5
NAEP scale points, which is not negligible in absolute terms or in comparison to typical
NAEP sampling standard errors. However we detected some problems in determining
convergence for IRT invariance linking in cells 16–20, which suggests that the magnitude
of these biases may be somewhat over estimated.

Higher scale moments. In addition to comparing the means of the equated scales, the
variances of the wave 1 and wave 2 (linked) scales were also compared. Table A.15
presents the ratio of each wave 2 scale variance to that of the original (wave 1) scale.
While it appears that the scales linked by the common item equating usually had larger
variances than the original scale, the increase in variance is small (less than 6 percent).
Scale variances for IRT invariance linked scales appear to be somewhat closer to the
original scale variances, except in the case of cells 16–20 (where each person took half
the items on a short scale).

The third and fourth moments of the original (wave 1) and linked distributions were also
compared. The differences between these statistics for the wave 1 distribution and those
of the linked (wave 2) distributions are given in tables A.16 and A.17. Since the nature
of the population shift from wave 1 to wave 2 is a constant movement, one would expect
these differences to be zero if the linking were perfect. It appears from these statistics
that common item linking performs well, even in situations where it would be expected to
perform least well.

Comparisons of scale quantiles. Another way the linked (wave 2) distributions were
compared with the original (wave 1) distributions was by comparing the quantiles (the 1
percent, 5 percent, 10 percent, 25 percent, 50 percent, 75 percent, 90 percent, 95
percent, and 99 percent points of the distribution). Figures B.23 through B.42 use these
quantiles to illustrate the cumulative distribution of the original (wave 1) distribution
and the three linked (wave 2) distributions for the 20 configurations of items discussed
above. In each case there are two groups of ogives, with the curves in each group very
similar to one another. One group including the original (wave 1) distribution and the
linked distributions with no population change. The other group corresponds to the
linked distribution with the -0.15 population change.

These figures illustrate that the distributions match reasonably well in many cells.
However, in some situations (such as those of cells 16, 17, and 18), there are differences
between the quantile of the linked distributions and what might be expected with perfect
equating. These differences are often, although not always, larger in the lower quantiles
than at the upper part of the distribution. In these situations IRT invariance equating
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performed particularly poorly, producing biases larger than 0.1 standard deviation at the 5
percent point. Assuming a typical NAEP standard deviation of about 40 points, these
biases would suggest that changes at these quantiles could he misestimated by more than 5
NAEP scale points. These differences occur even when there are no population changes.

Common item equating usually performed substantially better than IRT invariance
equating, however, some of the biases are still significant at the extremes. For example in
cells 16, 17, and 18 (where equating is generally poorest) the 5 percent points in the wave
2 distribution obtained by common item linking differ from the corresponding quantiles
of the wave I distribution by about 0.05, 0.05, and 0.04 standard deviations, respectively.
These biases are statistically reliable, being several times their standard errors. Assuming a
typical NAEP standard deviation of about 40 points, these biases would suggest that
changes at these quantiles could he misestimated by as much as 3 NAEP scale points,
which would not be negligible.

Detailed information on comparisons of scale moments. Tables A.18 and A.l9 provide
a more detailed report of the scale means for the 80 conditions previously discussed,
including the standard errors of each mean. Note that the means of the original (wave 1)
distribution are not identically zero. The reason is that, although the distribution of
generating values may have had a mean of 0 and a variance of 1, the ability values
estimated after scaling with a different set of items would no longer have a mean of zero.
Since different cells in the design called for items with somewhat different characteristics,
the means in the wave 1 distribution are slightly different in each cell of the design.

Tables A.20 and A.21 provide detailed information for the scale variances, Note that the
variances of the original (wave 1) distribution of abilities are not all one. As in the case of
the means, even if the generating distribution of abilities had a mean of 1, the ability
values estimated after scaling with a different set of items would no longer have a variance
of 1. Since different cells in the design called for items with somewhat different
characteristics, the variance of the wave 1 distribution is slightly different in each cell of
the design.

Tables A.22 and A.23 give the corresponding values for the scale skewness, while tables
A.24 and A.25 provide a summary of the scale kurtosis values. Tables of the quantiles are
not included, but they have been produced and are available on request.

Multiple Group IRT

Multiple group IRT performed extraordinarily well, even better than the common item
equating procedures we studied. The maximum bias in the scale mean under any of the
conditions examined was less than 0.01 standard deviations which (given a typical NAEP
scale standard deviation of about 40) is about 0.5 scale points, or half of that of common
item equating. In most cases, the bias was so small as to be negligible in both the
mathematics and the reading simulations. Table A.26 presents the mean bias (mean for
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wave 2 minus mean for wave 1 minus the true change) for 80 conditions selected from
the design which are the conditions under which it is the most difficult to achieve
equating and scale linking.

Higher scale moments. In addition to comparing the means of the equated scales, the
variances of the wave 1 and wave 2 (linked) scales were also compared. Table A.27
presents the ratio of each wave 2 scale variance to that of the original (wave 1) scale.
While it appears that the scales linked by the multiple group equating usually had smaller
variances than the original scale when there was no change and usually had larger
variances than the original scale when there was a change, the difference in variance is
small (less than 2 percent).

The third and fourth moments of the original (wave 1) and linked distributions were also
compared. The differences between these statistics for the wave 1 distribution and those
of the linked (wave 2) distributions are given in tables A.28 and A.29. Since the nature
of the population shift from wave 1 to wave 2 is a constant movement one would expect
these differences to be zero if the linking were perfect. It appears from these statistics
that multiple group linking performs well, even in situations where it would be expected
to he perform least well.

Comparisons of scale quantiles. Another way the linked (wave 2) distributions were
compared with the original (wave 1) distributions was by comparing the quantiles (the 1
percent, 5 percent, 10 percent, 25 percent, 50 percent, 75 percent, 90 percent, 95
percent, and 99 percent points of the distribution). The distributions match
extraordinarily well in all cells, and plots of the cumulative distribution of linked
distributions are indistinguishable. The differences between the quantiles of the linked
distributions are generally different by no more than might be expected due to sampling
error if there were perfect equating. Unlike the common item equating methods studied,
these differences are no larger in the lower quantiles than at the upper part of the
distribution.

Discussion

This study suggests that the common item equating and scale linking currently used in
NAEP perform rather well, even when the number of common items is small, each
student takes only 25 percent of the items on a scale, the ability scale is slightly
multidimensional, and there are changes in the ability distribution. The bias in
estimating mean performance introduced by common item equating appears to be no
more than about 0.01 to 0.02 standard deviations or one-half to one point on the NAEP
scale. This is small, but not entirely negligible in comparison to the sampling standard
error at the mean for the nation as a whole. Explorations of the effect of increasing
multidimensionality somewhat do not produce substantially larger equating bias.
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It is important to recall that NAEP may create several subscales for a given subject area
that are averaged to obtain an overall scale for that subject. It is tempting to believe that
the biases in the subscales would cancel out and that the overall scale would be less biased
than the subscales from which it is composed. This need not he the case. Consequently,
the biases in the overall scale may not be less than that of the subscales. Indeed, they
could be larger in comparison to the decreased standard error of the overall scale.

To apply these results to operational NAEP one might examine the equating of the 1992
to 1994 short-term trend scales in reading. There were three scales: reading for
information, reading to perform a task, and reading for literary purposes. The information
scale had 40 items, half of which were constructed response, but only 13 percent of the
constructed response items were used as common items for equating. Therefore, the
situation for the information scale most resembles cells 1 or 6. The literary and task scales
had 20 and 27 items respectively, of which 65 percent and 59 percent were constructed
response, but only 50 percent and 45 percent of the constructed response items were used
for equating. The situation for these two scales resembles cells 13 or 18. This analogy
suggests that the bias should be between 0.001 and 0.011 standard deviations (0.0 to 0.5
NAEP scale points) for the information scale and 0.003 and 0.006 standard deviations
(0.1 to 0.3 NAEP scale points) for the other two scales.

It might he advisable to consider equating as introducing as much as 0.5 to 1.0 points of
bias in trend comparisons. Thus a viable procedure might be to test for differences
between assessment waves by testing whether the difference is greater than 1.0 scale units
(the maximum equating bias found here). Alternatively, one might increase the sampling
standard error by a fraction that would accomplish approximately the same result as a way
to characterize the contribution of equating bias to uncertainty. That is, one might treat
equating error as a fixed component in the variance of the difference between assessment
wave means. Assuming approximately equal sample sizes in each assessment wave, this
leads to a standard error for the difference of the form:

SEDifference = 
SE1
2 + SE2

2 + 
2/2

where ��is the equating bias (e.g., 0.5).

Results for scale quantiles suggest more caution. While there was generally only small bias
in the scale quantiles due to linking, in some cases the bias in the quantiles was
substantial, up to 5 times that of the mean. This suggests that scale linking can pose
problems for inferences about changes in the extremes of the distribution or about groups
whose scores tend to be extreme. In the cases where linking was poorest, the 5 percent, 10
percent, and even 25 percent points shifted by an amount equivalent to as much as 2
NAEP scale points. This may be particularly important if the performance of
disadvantaged groups, who tend to score substantially below the mean, continues to be an
important national policy interest.
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This simulation did not address the question of multiple linkings over more than two
waves of data collection. While it would be naive to assume that worst-case biases would
simply compound over years, it is not clear exactly how much biases increase after linking
of several waves of assessments. On the other hand it seems realistic to assume that there
is some compounding, and that the effects on extreme quantiles could be substantial.
Even the effect on means could be nonnegligible after, say, five waves of data collection.
For example, a bias in one direction of 0.005 standard deviations compounding over five
waves of assessment could become a total bias of 0.025 standard deviations or about a
scale point. Recalling that the bias at extreme quantiles could be five times as large, such
compounding could correspond to a bias of several points at the quantiles.

Multiple group IRT models have great promise as alternatives to equating and linking
based on single group IRT methods. When a multiple group model was used in this
simulation, nearly all of the bias was eliminated, and the linked distribution was virtually
indistinguishable from what would have been expected if there were perfect equating.
The multiple group method is useful when two waves of data can be scaled together (for
example, when an entire trend series is computed at once), and the advantages should be
even greater when more than two waves of data are linked. On the other hand, multiple
group equating would not have much advantage over conventional IRT methods if, for
example, the first wave of the data was scaled separately and multiple group methods
could be applied only to the second wave of the data, since the equating would not be
provided internally by the multiple group model.

Trend reporting in NAEP has not, up until now, involved revisions to previous reports.
However it is possible to introduce such revisions. Social statistics of many kinds are
revised from time to time, and even values of fundamental physical constants are subject
to periodic redetermination that alters their values. The revision of scores that occurs in
multiple group IRT is a consequence of additional information (the second wave of data)
which increases the precision of estimates of the scores in the first wave of data. There is a
revealing parallel in the determination of values of fundamental physical constants.
Experiments which estimate these constants must rely on data from other experiments
which measure related constants or the relations among constants. The value of a
constant may need to be revised when better data on related constants is obtained. We
regard the revision of first wave of scores in multiple group IRT as logically equivalent to
the revision of the value of a physical constant given new data on a related constant.
While retrospective redetermination of individual test scores might pose problems,
individual test scores are not provided by NAEP or other assessment programs that focus
on population distributions. The merits of less biased measurements may outweigh the
problems caused by slight adjustments to scores, particularly in long trend lines where
equating and linking errors are likely to be greatest.

Finally, we noted that our simulations were sensitive to the background variable used in
the conditioning process. We believe that most of the differences between mathematics
and reading that we observed were a consequence of the fact that the correlation between
the background variables and mathematics ability was lower than the correlation between
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the background variables and reading (R2 = 0.25 versus R2 = 0.52). It is clear that changes
in the background variables or their relation to achievement can affect the ability
distribution generated through multiple imputation. Our simulations relied on a
correlation structure with the background variables that did not change over time. That
structure may not remain constant if background variables or the process by which they
are collected are changed. The maintenance of a constant set of background variables for
conditioning of (short- or long-term) trend data is a consideration that should not be
overlooked in the operation of NAEP.

Recommendations

This research suggests some practical recommendations for practice in NAEP and other
large scale assessments using NAEP-like procedures.

1. Even in the most difficult conditions usually encountered, the common item
equating and scale linking procedures currently used in operational NAEP
appear to introduce relatively little bias (less than one NAEP scale point) in
comparisons of the means of two waves of data. There should be little bias
also in comparisons of subgroup means that are relatively near the center of
the overall populations. The fact that these procedures are also
straightforward and well understood supports their continuation.

2. The common item equating and scale linking procedures currently used in
operational NAEP introduce substantially more bias (up to two NAEP scale
points) in comparisons of the extreme percentiles of two populations. We
recommend caution in comparisons of extreme percentiles over time or
comparisons over time of the means of population subgroups which differ
substantially from the overall population mean. Such cautions would apply
also to examination of trends over time in proportions of the population at
extremely high achievement levels. In these cases, the sampling standard
errors may substantially understate the true uncertainties of trends. In such
cases the use of a conservative test that the scale difference is larger than
some nonzero value (e.g., 2 NAEP scale points) may be warranted as a test of
the null hypothesis of no trend.

3. Strict IRT invariance equating and scale linking should not be used in NAEP
or other large scale assessments. It introduces substantially more bias than the
procedures currently used in NAEP.

4. Multiple group IRT methods have considerable scientific merit for equating
and scale linking. These methods have the potential of practically
eliminating bias in scale linking, even in the situations where current
methods are weakest. When all waves of data can be analyzed together,
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multiple group IRT has no apparent disadvantages. When all waves of data
cannot be scaled together (as in NAEP trend reporting), multiple group IRT
methods have the disadvantage that the linking of a second (or later) wave of
data alters scores on the first wave of data. We believe that this is not a fatal
flaw. Social statistics of many kinds are revised from time to rime and even
values of fundamental physical constants are subject to periodic
redetermination that alters their values. The revision of scores that occurs in
multiple group IRT is a consequence of additional information (the second
wave of data) which increases the precision of estimates of the scores in the
first wave of data. While retrospective redetermination of individual test
scores might pose problems, individual test scores are not provided by NAEP
or other assessment programs that focus on population distributions. We
believe that the merits of less biased measurements may outweigh the
problems caused by slight adjustments to scores.

5. Although current NAEP procedures appear adequate for comparisons of
population means across two or three waves of data, they do not ensure that
equating and linking biases will not compromise long trend lines and
particularly trends of extreme percentiles. Therefore, the data underlying
long trend lines should be periodically reanalyzed using methods, such as
multiple group IRT, which can minimize equating and linking bias.
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Table A.1        Average Scale Linking Bias (Reading Simulation)

                              Number of:                          No Population Change      -0.15 Population Change
Common Common Common

Common    Type I Type I Invariance  Item Invariance  Item
Cell  Items Items  Items Equating Equating Equating Equating

48 Total Items, 12 Items Taken

1 6 6 1 -0.001 -0.006 0.010 0.002

2 6 6 3 -0.008 -0.002 0.011 0.002

3 6 7 1 -0.000 -0.001 0.021 0.003

4 6 8 3 -0.003 -0.001 0.018 0.006

5 12 6 6 0.022 -0.004 0.025 -0.007

48 Total Items, 24 Items Taken

6 12 12 2 0.002 -0.006 0.032 0.011

7 12 12 6 -0.003 -0.004 0.028 0.010

8 12 14 2 -0.004 -0.010 0.037 0.007

9 12 16 6 -0.002 -0.006 0.027 0.008

10 24 12 12 0.000 0.004 0.009 -0.001

24 Total Items, 6 Items Taken

11 3 3 1 -0.001 0.004 0.005 0.004

12 3 3 2 -0.001 0.001 -0.001 0.006

13 3 4 1 0.001 0.004 0.009 0.005

14 3 4 2 0.001 0.005 0.005 0.005

15 6 3 3 -0.002 0.002 -0.007 0.000

24 Total Items, 12 Items Taken

16 6 6 2 0.000 -0.000 0.014 0.007

17 6 6 4 0.001 0.004 0.012 0.001

18 6 8 2 0.00 1 -0.003 0.0 16 0.003

19 6 8 4 -0.000 -0.002 0.0 12 0.003

20 12 6 6 -0.00 1 0.000 -0.002 -0.002

Note: Standard errors are typically less than 0.003.
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Table A.2    Ratio of Wave 2 to Wave 1 Scale Variances (Reading Simulation)

                              Number of:                          No Population Change      -0.15 Population Change
Common Common Common

Common    Type I Type I Invariance  Item Invariance  Item
Cell  Items Items  Items Equating Equating Equating Equating

48 Total Items, 12 Items Taken

1 6 6 1 0.997 1.036 0.991 1.025

2 6 6 3 1.003 1.029 0.991 1.030

3 6 7 1 0.999 1.042 0.986 1.041

4 6 8 3 0.996 1.027 0.994 1.027

5 12 6 6 0.992 1.028 0.977 1.029

48 Total Items, 24 Items Taken

6 12 12 2 1.003 1.055 0.988 1.054

7 12 12 6 1.000 1.052 0.990 1.051

8 12 14 2 0.996 1.048 0.984 1.051

9 12 16 6 0.998 1.055 0.997 1.055

10 24 12 12 0.992 1.054 0.984 1.055

24 Total Items, 6 Items Taken

11 3 3 1 0.997 0.986 0.994 0.988

12 3 3 2 0.996 0.984 0.997 0.985

13 3 4 1 0.993 0.992 0.994 0.988

14 3 4 2 1.002 0.992 1.007 0.986

15 6 3 3 0.996 0.984 1.001 0.974

24 Total Items, 12 Items Taken

16 6 6 2 0.996 1.015 0.996 1.026

17 6 6 4 1.001 1.029 1.001 1.023

18 6 8 2 1.006 1.025 0.996 1.026

19 6 8 4 0.996 1.034 0.998 1.024

20 12 6 6 0.996 1.013 0.995 1.021
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Table A.3 Differences Between Wave 2 and Wave 1 Scale Skewness
(Reading Simulation)

                              Number of:                          No Population Change      -0.15 Population Change
Common Common Common

Common    Type I Type I Invariance  Item Invariance  Item
Cell  Items Items  Items Equating Equating Equating Equating

48 Total Items, 12 Items Taken

1 6 6 1 0.009 0.020 0.02 1 -0.007

2 6 6 3 -0.001 -0.009 -0.019 -0.011

3 6 7 1 0.006 0.004 0.002 0.002

4 6 8 3 -0.004 -0.020 -0.006 -0.002

5 12 6 6 0.011 0.019 0.008 -0.008

48 Total Items, 24 items Taken

6 12 12 2 -0.011 -0.015 -0.018 -0.016

7 12 12 6 0.006 0.016 -0.014 0.006

8 12 14 2 0.005 0.000 0.016 0.003

9 12 16 6 0.003 0.013 -0.006 0.000

10 24 12 12 -0.017 0.003 -0.018 0.018

24 Total items, 6 Items Taken

11 3 3 1 -0.012 -0.021 0.002 -0.009

12 3 3 2 0.003 -0.013 -0.015 -0.011

13 3 4 1 0.001 -0.007 0.008 -0.009

14 3 4 2 0.006 -0.019 -0.018 -0.025

15 6 3 3 -0.011 -0.025 -0.008 -0.025

24 Total Items, 12 Items Taken

16 6 6 2 0.003 -0.004 0.013 -0.000

17 6 6 4 -0.021 -0.007 -0.012 -0.018

18 6 8 2 -0.003 0.005 0.015 -0.009

19 6 8 4 -0.002 0.005 0.001 -0.006

20 12 6 6 -0.016 -0.016 -0.024 -0.020

Note: Standard errors are typically below 0.008.



30 A Study of Equating in NAEP

Table A.4 Differences Between Wave 2 and Wave 1 Scale Kurtosis
(Reading Simulation)

                              Number of:                          No Population Change      -0.15 Population Change
Common Common Common

Common    Type I Type I Invariance  Item Invariance  Item
Cell  Items Items  Items Equating Equating Equating Equating

48 Total Items, 12 Items Taken

1 6 6 1 -0.000 -0.013 0.013 -0.019

2 6 6 3 0.030 0.038 0.053 0.025

3 6 7 1 -0.023 -0.036 -0.023 -0.033

4 6 8 3 0.008 -0.036 -0.012 -0.034

5 12 6 6 0.013 -0.023 0.016 0.007

48 Total Items, 24 Items Taken

6 12 12 2 -0.025 0.029 0.011 0.016

7 12 12 6 0.000 0.008 0.004 0.013

8 12 14 2 0.001 0.030 0.011 0.037

9 12 16 6 -0.001 0.037 0.009 0.025

10 24 12 12 0.017 0.038 0.017 0.023

24 Total Items, 6 Items Taken

11 3 3 1 0.005 0.007 0.004 -0.006

12 3 3 2 -0.019 -0.029 -0.014 -0.028

13 3 4 1 -0.030 -0.025 0.006 -0.032

14 3 4 2 0.030 0.001 0.043 0.031

15 6 3 3 0.006 -0.004 -0.002 -0.008

24 Total Items, 12 items Taken

16 6 6 2 0.032 0.008 0.017 0.002

17 6 6 4 0.029 -0.003 0.010 -0.009

18 6 8 2 0.008 -0.025 0.003 0.000

19 6 8 4 0.026 -0.007 0.025 0.018

20 12 6 6 -0.002 -0.009 0.009 -0.040

Note: Standard errors are typically below 0.025.
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12 Items Taken

1 6 6 1

2 6 6 3

3 6 7 1

4 6 8 3

5 12 6 6

24 Items Taken

6 12 12 2

7 12 12 6

8 12 14 2

9 12 16 6

10 24 12 12

Table A.5 48 Total Items: Scale Means (100* Standard Error) for Two Equating Methods (Reading Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Invariance Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating Equating

-0.011
(0.229)
-0.008
(0.161)
-0.010
(0.158)
-0.010
(0.170)
-0.006
(0.169)

-0.012
(0.311)
-0.016
(0.191)
-0.011
(0.197)
-0.013
(0.325)
0.016

(0.292)

-0.016
(0.153)
-0.010
(0.173)
-0.011
(0.228)
-0.011
(0.138)
-0.009
(0.203)

-0.151
(0.179)
-0.147
(0.210)
-0.139
(0.193)
-0.142
(0.151)
-0.131
(0.285)

-0.159
(0.171)
-0.156
(0.207)
-0.157
(0.232)
-0.154
(0.163)
-0163

(0.238)

-0.006
(0.206)
-0.006
(0.126)
-0.001
(0.124)
-0.001
(0.169)
-0.009
(0.181)

-0.004
(0.154)
-0.009
(0.251)
-0.00 5
(0.327)
-0.004
(0.192)
-0.009
(0.110)

-0.012
(0.197)
-0.010
(0.308)
-0.011
(0.160)
-0.007
(0.215)
-0.005
(0.248)

-0.124
(0.256)
-0.128
(0.171)
-0.114
(0.142)
-0.124
(0.350)
-0.150
(0.210)

-0.145
(0.218)
-0.146
(0.296)
-0.143
(0.271)
-0.143
(0.327)
-0.160
(0.268)



32
A

 Study of E
quating in N

A
E

P

6 Items Taken

11 3 3 1

12 3 3 2

13 3 4 1

14 3 4 2

15 6 3 3

12 Items Taken

16 6 6 2

17 6 6 4

18 6 8 2

19 6 8 4

20 12 6 6

Table A.6 24 Total Items: Scale Means (100*Standard Error) for Two Equating Methods (Reading Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Invariance Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating Equating

-0.008
(0.225)
-0.006
(0.233)
-0.008
(0.158)
-0.007
(0.179)
-0.007
(0.112)

-0.009
(0.166)
-0.007
(0.201)
-0.007
(0.220)
-0.007
(0.274)
-0.009
(0.237)

-0.004
(0.234)
-0.005
(0.113)
-0.003
(0.159)
-0.003
(0.170)
-0.005
(0.136)

-0.153
(0.220)
-0.157
(0.220)
-0.149
(0.311)
-0.152
(0.159)
-0.164
(0.145)

-0.154
(0.172)
-0.150
(0.089)
-0.152
(0.145)
-0.152
(0.140)
-0.157
(0.206)

-0.010
(0.164)
-0.007
(0.253)
-0.005
(0.203)
-0.005
(0.278)
-0.011
(0.214)

-0.010
(0.167)
-0.006
(0.300)
-0.004
(0.334)
-0.006
(0.168)
-0.011
(0.303)

-0.010
(0.207)
-0.002
(0.246)
-0.009
(0.152)
-0.007
(0.186)
-0.011
(0.252)

-0.146
(0.242)
-0.145
(0.252)
-0.140
(0.176)
-0.143
(0.297)
-0.163
(0.210)

-0.153
(0.155)
-0.156
(0.194)
-0.152
(0.208)
-0.152
(0.261)
-0.163
(0.219)
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12 Items Taken

1 6 6 1

2 6 6 3

3 6 7 1

4 6 8 3

5 12 6 6

24 Items Taken

6 12 12 2

7 12 12 6

8 12 14 2

9 12 16 6

10 24 12 12

Table A.7 48 Total Items: Scale Variances (100*Standard Error) for Two Equating Methods (Reading Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Invariance Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating Equating

1.096
(0.297)
1.097

(0.231)
1.100

(0.465)
1.096

(0.382)
1.101

(0.213)

1.093
(0.671)
1.100

(0.265)
1.099

(0.291)
1.091

(0.367)
1.092

(0.468)

1.135
(0.325)
1.129

(0.324)
1.146

(0.226)
1.125

(0.248)
1.132

(0.543)

1.086
(0.509)
1.087

(0.344)
1.085

(0.494)
1.090

(0.478)
1.075

(0.771)

1.124
(0.397)
1.129

(0.334)
1.146

(0.240)
1.125

(0.331)
1.133

(0.450)

1.131
(0.254)
1.136

(0.274)
1.129

(0.397)
1.132

(0.398)
1.130

(0.401)

1.135
(0.218)
1.136

(0.354)
1.124

(0.348)
1.129

(0.474)
1.121

(0.396)

1.193
(0.478)
1.195

(0.417)
1.184

(0.296)
1.194

(0.377)
1.191

(0.357)

1.117
(0.330)
1.125

(0.326)
1.112

(0.449)
1.128

(0.552)
1.111

(0.580)

1.191
(0.345)
1.194

(0.375)
1.186

(0.365)
1.193

(0.353)
1.192

(0.416)
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6 Items Taken

11 3 3 1

12 3 3 2

13 3 4 1

14 3 4 2

15 6 6 3

12 Items Taken

16 6 6 2

17 6 6 4

18 6 8 2

19 6 8 4

20 12 6 6

Table A.8 24 Total Items: Scale Variances (100*Standard Error) for Two Equating Methods (Reading Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Invariance Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating Equating

1.054
(0.198)
1.056

(0.467)
1.055

(0.219)
1.050

(0.422)
1.054

(0.326)

1.051
(0.432)
1.052

(0.450)
1.048

(0.459)
1.052

(0.266)
1.050

(0.639)

1.040
(0.380)
1.039

(0.384)
1.047

(0.363)
1.041

(0.262)
1.038

(0.381)

1.048
(0.620)
1.053

(0.307)
1.048

(0.196)
1.057

(0.502)
1.056

(0.321)

1.042
(0.206)
1.040

(0.313)
1.042

(0.254)
1.035

(0.296)
1.027

(0.315)

1.099
(0.297)
1.096

(0.210)

1.096
(0.355)

1.094
(0.404)

1.104
(0.334)

1.095
(0.314)
1.097

(0.444)

1.103
(0.501)

1.090
(0.889)

1.099
(0.402)

1.115
(0.459)
1.128

(0.390)

1.123
(0.311)

1.131
(0.334)

1.118
(0.302)

1.095
(0.284)
1.097

(0.318)

1.092
(0.320)

1.092
(1.150)

1.098
(0.541)

1.127
(0.391)
1.121

(0.422)

1.125
(0.343)

1.120
(0.259)

1.127
(0.311)
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12 Items Taken

1 6 6 1

2 6 6 3

3 6 7 1

4 6 8 3

5 12 6 6

24 Items Taken

6 12 12 2

7 12 12 6

8 12 14 2

9 12 16 6

10 24 12 12

Table A.9 48 Total Items: Scale Skewness (100*Standard Error) for Two Equating Methods (Reading Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Invariance Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating Equating

-0.076
(0.555)
-0.097
(0.724)
-0.086
(0.687)
-0.094
(0.525)
-0.083
(0.665)

-0.086
(1.014)
-0.096
(0.869)
-0.092
(0.451)
-0.091
(0.620)
-0.094
(0.771)

-0.096
(0.667)
-0.088
(0.645)
-0.090
(0.558)
-0.07 5
(0.683)
-0.102
(0.610)

-0.097
(0.281)
-0.077
(0.803)
-0.087
(0.620)
-0.088
(0.773)
-0.092
(0.684)

-0.069
(0.644)
-0.086
(0.759)
-0.087
(0.639)
-0.092
(0.608)
-0.076
(0.861)

-0.144
(0.488)
-0.134
(0.497)
-0.113
(0.767)
-0.128
(0.560)
-0.130
(0.774)

-0.133
(0.756)
-0.139
(0.873)
-0.118
(0.582)
-0.131
(0.638)
-0.113
(0.581)

-0.129
(0.947)
-0.150
(0.596)
-0.113
(0.504)
-0.141
(0.522)
-0.133
(0.769)

-0.125
(0.490)
0.120

(0.706)
0.129

(1.068)
-0.121
(0.630)
-0.112
(0.527)

-0.127
(0.840)
-0.140
(0.828)
-0.116
(0.733)
-0.128
(0.580)
-0.148
(0.313)
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6 Items Taken

11 3 3 1

12 3 3 2

13 3 4 1

14 3 4 2

15 6 3 3

12 Items Taken

16 6 6 2

17 6 6 4

18 6 8 2

19 6 8 4

20 12 6 6

Table A.10 24 Total Items: Scale Skewness (100*Standard Error) for Two Equating Methods (Reading Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Invariance Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating Equating

-0.059
(0.570)
-0.054
(0.437)
-0.050
(0.639)
-0.061
(0.469)
-0.067
(0.533)

-0.047
(0.290)
-0.057
(0.661)
-0.051
(0.704)
-0.068
(0.802)
-0.056
(0.536)

-0.038
(0.698)
-0.041
(0.534)
-0.044
(0.725)
-0.042
(0.451)
-0.041
(0.453)

-0.061
(0.650)
-0.038
(0.612)
-0.059
(0.686)
-0.043
(0.871)
-0.058
(0.727)

-0.050
(0.769)
-0.043
(0.469)
-0.041
(0.633)
-0.036
(0.701)
-0.042
(0.735)

-0.081
(0.540)
-0.087
(0.628)
-0.084
(0.435)
-0.081
(0.759)
-0.096
(0.554)

-0.083
(0.779)
-0.067
(0.468)
-0.081
(0.405)
-0.079
(0.800)
-0.080
(0.620)

-0.076
(0.448)
-0.080
(0.505)
-0.089
(0.561)
-0.086
(0.619)
-0.080
(0.828)

-0.094
(0.737)
-0.075
(0.659)
-0.098
(0.494)
-0.082
(0.981)
-0.072
(0.620)

-0.080
(0.692)
-0.070
(0.680)
-0.075
(0.570)
-0.075
(0.652)
-0.075
(0.521)
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12 Items Taken

1 6 6 1

2 6 6 3

3 6 7 1

4 6 8 3

5 12 6 6

24 Items Taken

6 12 12 2

7 12 12 6

8 12 14 2

9 12 16 6

10 24 12 12

Table A.11 48 Total Items: Scale Kurtosis (100*Standard Error) for Two Equating Methods (Reading Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Invariance Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating Equating

-0.029
(1.282)
0.021

(1.295)
-0.067
(0.743)
-0.034
(1.050)
-0.012
(1.451)

-0.028
(1.276)
-0.009
(1.249)
-0.044
(1.544)
-0.042
(1.083)
-0.025
(1.253)

-0.015
(1.088)
-0.017
(1.475)
-0.03 1
(0.981)
0.002

(1.200)
0.011

(1.136)

-0.042
(1.413)
-0.032
(1.221)
-0.044
(1.015)
-0.021
(0.837)
-0.028
(1.140)

-0.010
(1.032)
-0.004
(1.192)
-0.034
(0.994)
-0.000
(1.087)
-0.020
(1.355)

-0.029
(0.849)
-0.038
(1.464)
-0.093
(1.345)
-0.035
(0.795)
-0.025
(1.650)

-0.004
(1.314)
-0.038
(1.419)
-0.095
(2.012)
-0.034
(1.490)
-0.042
(1.220)

-0.058
(1.142)
-0.046
(1.471)
-0.123
(1.987)
-0.072
(1.424)
-0.063
(1.425)

-0.040
(1.922)
-0.042
(1.405)
-0.104
(1.732)
-0.044
(1.366)
-0.042
(1.558)

-0.044
(0.948)
-0.051
(0.984)
-0.130
(1.230)
-0.060
(1.876)
-0.048
(1.537)
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6 Items Taken

11 3 3 1

12 3 3 2

13 3 4 1

14 3 4 2

15 6 3 3

12 Items Taken

16 6 6 2

17 6 6 4

18 6 8 2

19 6 8 4

20 12 6 6

Table A.12 24 Total Items: Scale Kurtosis (100*Standard Error) for Two Equating Methods (Reading Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Invariance Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating Equating

-0.000
(1.350)
-0.030
(0.928)
-0.019
(1.114)
0.014

(1.176)
-0.002
(1.172)

-0.006
(1.130)
-0.011
(1.118)
0.011

(1.411)
-0.016
(0.984)
-0.008
(0.894)

-0.007
(1.635)
-0.002
(1.147)
0.007

(1.508)
0.014

(1.334)
0.003

(0.956)

-0.004
(0.679)
-0.016
(0.811)
-0.025
(1.322)
-0.029
(1.305)
0.000

(1.529)

0.006
(1.234)
-0.002
(0.817)
0.013

(1.434)
-0.017
(1.036)
0.007

(0.564)

-0.006
(1.480)
-0015

(1.250)
-0.022
(1.070)
-0.014
(0.978)
-0.022
(0.813)

-0.038
(1.462)
-0.045
(1.057)
-0.029
(0.918)
-0.040
(1.127)
-0.020
(0.953)

-0.013
(1.373)
-0.012
(0.732)
0.003

(1.229)
-0.007
(1.142)
-0.013
(1.488)

-0.022
(0.937)
-0.026
(1.298)
-0.024
(1.343)
-0.039
(1.589)
-0.030
(1.251)

-0.007
(0.789)
-0.007
(1.808)
-0.022
(0.940)
-0.032
(1.317)
0.018

(1.455)
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Table A.13 Moments and Quantiles for Cell 8 (Reading Simulation) with � = 0.7
(100*Standard Error)

                                             No Population Change           -0.15 Population Change
Common Common

Invariance  Item Invariance  Item
 Wave 1 Equating Equating Equating Equating

Moments

Mean

Variance

Skew

Kurtosis

Quantiles

1%

5%

10%

25%

50%

75%

90%

95%

99%

-0.005
(0.121)

1.141
(0.278)

-0.100
(1.116)

-0.065
(1.458)

-2.541
(1.089)

-1.805
(0.633)

-1.406
(0.501)

-0.723
(0.238)

0.020
(0.350)

0.731
(0.250)

1.350
(0.268)

1.713
(0.602)

2.387
(1.133)

-0.008
(0.245)

1.146
(0.403)
-0.100

(0.849)

-0.075
(0.877)

-2.549
(0.858)

-1.807
(0.510)

-1.411
(0.428)

-0.731
(0.432)

0.014
(0.419)

0.729
(0.296)

1.353
(0.396)

1.713
(0.460)

2.373
(1.080)

-0.014
(0.165)

1.212
(0.212)

-0.117
(0.639)

-0.099
(1.170)

-2.639
(0.970)

-1.872
(0.565)

-1.459
(0.406)

-0.753
(0.367)

0.016
(0.247)

0.746
(0.316)

1.382
(0.303)

1.753
(0.392)

2.417
(0.937)

-0.116
(0.154)

1.129
(0.306)

-0.106
(0.523)

-0.072
(1.650)

-2.648
(1.108)

-1.901
(0.382)

-1.505
(0.413)

-0.829
(0.180)

-0.097
(0.283)

0.617
(0.269)

1.233
(0.442)

1.597
(0.269)

2.246
(0.551)

-0.144
(0.194)

1.202
(0.222)

-0.105
(0.749)

-0.115
(1.028)

-2.746
(1.204)

-1.988
(0.601)

-1.576
(0.326)

-0.888
(0.315)

-0.118
(0.315)

0.616
(0.295)

1.252
(0.484)

1.620
(0.586)

2.283
(0.660)
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Table A.14 Average Scale Linking Bias (Mathematics Simulation)

                              Number of:                          No Population Change      -0.15 Population Change
Common Common Common

Common Type I Type I Invariance  Item  Item
Cell  Items Items  Items Equating Equating Equating

48 Total Items, 12 Items Taken

1 6 6 1 -0.003 -0.013 -0.004

2 6 6 3 0.001 -0.004 0.005

3 6 7 1 -0.004 -0.012 0.006

4 6 8 3 -0.007 -0.006 0.006

5 12 6 6 0.000 -0.001 -0.008

48 Total Items, 24 Items Taken

6 12 12 2 -0.004 -0.016 0.003

7 12 12 6 -0.000 -0.010 0.008

8 12 14 2 0.000 -0.013 0.001

9 12 16 6 -0.001 -0.011 0.006

10 24 12 12 0.002 -0.006 -0.007

24 Total Items, 6 Items Taken

11 3 3 1 0.001 0.000 -0.002

12 3 3 2 0.001 0.003 0.010

13 3 4 1 0.002 -0.002 0.001

14 3 4 2 -0.004 -0.005 0.001

15 6 3 3 0.003 0.007 0.003

24 Total Items, 12 items Taken

16 6 6 2 0.017 -0.009 0.008

17 6 6 4 0.031 -0.004 0.021

18 6 8 2 0.021 -0.012 -0.001

19 6 8 4 0.049 -0.004 0.019

20 12 6 6 0.022 0.005 -0.003

Note: Standard errors are typically less than 0.003.
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Table A.15 Ratio of Wave 2 to Wave 1 Scale Variances (Mathematics Simulation)

                              Number of:                          No Population Change      -0.15 Population Change
Common Common Common

Common Type I Type I Invariance  Item  Item
Cell  Items Items  Items Equating Equating Equating

48 Total Items, 12 Items Taken

1 6 6 1 1.002 1.050 1.042

2 6 6 3 0.991 1.037 1.037

3 6 7 1 0.998 1.046 1.038

4 6 8 3 0.986 1.043 1.036

5 12 6 6 0.985 1.040 1.029

48 Total Items, 24 Items Taken

6 12 12 2 0.997 1.028 1.017

7 12 12 6 0.999 1.026 1.022

8 12 14 2 0.999 1.027 1.017

9 12 16 6 0.995 1.018 1.027

10 24 12 12 0.993 1.034 1.019

24 Total Items, 6 Items Taken

11 3 3 1 0.994 1.017 1.015

12 3 3 2 1.015 1.027 1.030

13 3 4 1 0.977 1.019 1.003

14 3 4 2 1.002 1.028 1.018

15 6 3 3 1.002 0.975 0.969

24 Total Items, 12 Items Taken

16 6 6 2 0.864 1.053 1.037

17 6 6 4 0.893 1.058 1.049

18 6 8 2 0.799 1.051 1.051

19 6 8 4 0.812 1.043 1.039

20 12 6 6 0.896 1.046 1.041
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Table A.16 Differences Between Wave 2 and Wave 1 Scale Skewness
(Mathematics Simulation)

                              Number of:                          No Population Change      -0.15 Population Change
Common Common Common

Common Type I Type I Invariance  Item  Item
Cell  Items Items  Items Equating Equating Equating

48 Total Items, 12 Items Taken

1 6 6 1 0.001 -0.024 -0.031

2 6 6 3 -0.010 -0.011 -0.023

3 6 7 1 -0.001 -0.015 -0.028

4 6 8 3 -0.002 -0.016 -0.025

5 12 6 6 -0.008 -0.036 -0.030

48 Total Items, 24 Items Taken

6 12 12 2 -0.014 -0.045 -0.042

7 12 12 6 -0.006 -0.028 -0.041

8 12 14 2 -0.012 -0.040 -0.035

9 12 16 6 0.002 -0.031 -0.030

10 24 12 12 -0.007 -0.010 -0.015

24 Total items, 6 Items Taken

11 3 3 1 -0.015 0.004 0.003

12 3 3 2 0.001 0.004 -0.005

13 3 4 1 0.024 0.022 0.030

14 3 4 2 0.001 0.008 0.002

15 6 3 3 -0.014 -0.002 0.013

24 Total Items, 12 Items Taken

16 6 6 2 0.059 -0.017 -0.021

17 6 6 4 0.070 -0.018 -0.008

18 6 8 2 0.080 -0.014 -0.039

19 6 8 4 0.141 -0.005 -0.019

20 12 6 6 0.068 -0.022 -0.031

Note: Standard errors are typically less than 0.008.
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Table A.17 Differences Between Wave 2 and Wave 1 Scale Kurtosis
(Mathematics Simulation)

                              Number of:                          No Population Change      -0.15 Population Change
Common Common Common

Common Type I Type I Invariance  Item  Item
Cell  Items Items  Items Equating Equating Equating

48 Total Items, 12 Items Taken

1 6 6 1 0.011 0.004 -0.008

2 6 6 3 -0.018 0.001 -0.035

3 6 7 1 -0.014 -0.012 -0.023

4 6 8 3 -0.018 -0.039 -0.022

5 12 6 6 -0.021 -0.024 -0.042

48 Total items, 24 Items Taken

6 12 12 2 0.022 0.004 -0.023

7 12 12 6 0.024 0.024 -0.009

8 12 14 2 -0.010 -0.006 -0.023

9 12 16 6 -0.026 -0.016 -0.034

10 24 12 12 -0.017 0.016 0.000

24 Total Items, 6 Items Taken

11 3 3 1 -0.016 -0.028 -0.071

12 3 3 2 0.019 -0.045 -0.046

13 3 4 1 -0.001 -0.019 -0.045

14 3 4 2 -0.012 -0.057 -0.070

15 6 3 3 -0.021 -0.085 -0.069

24 Total items, 12 Items Taken

16 6 6 2 -0.103 -0.008 -0.029

17 6 6 4 -0.059 0.006 0.000

18 6 8 2 -0.150 0.012 -0.025

19 6 8 4 -0.117 -0.017 -0.059

20 12 6 6 -0.062 0.030 0.000

Note: Standard errors are typically less than 0.025.
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12 Items Taken

1 6 6 1

2 6 6 3

3 6 7 1

4 6 8 3

5 12 6 6

24 Items Taken

6 12 12 2

7 12 12 6

8 12 14 2

9 12 16 6

10 24 12 12

Table A.18 48 Total Items: Scale Means (100* Standard Error) for Two Equating Methods (Mathematics Simulation)

                                                          Number of:                                                                             No Population Change                   -0.15 Population Change
Common Invariance Common Item Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating

0.024
(0.205)
0.021

(0.141)
0.023

(0.160)
0.021

(0.134)
0.023

(0.191)

0.021
(0.220)
0.021

(0.254)
0.020

(0.246)
0.015

(0.339)
0.023

(0.305)

0.011
(0.361)
0.017

(0.296)
0.012

(0.373)
0.016

(0.262)
0.022

(0.200)

-0.129
(0.346)
-0.124
(0.258)
-0.121
(0.317)
-0.122
(0.204)
-0.135
(0.359)

0.020
(0.168)
0.019

(0.120)
0.019

(0.164)
0.018

(0.084)
0.020

(0.091)

0.016
(0.152)
0.019

(0.170)
0.019

(0.244)
0.017

(0.294)
0.022

(0.300)

0.004
(0.290)
0.009

(0.363)
0.006

(0.330)
0.006

(0.268)
0.013

(0.336)

-0.128
(0.313)
-0.123
(0.181)
-0.130
(0.210)
-0.126
(0.241)
-0.137
(0.266)
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6 Items Taken

11 3 3 1

12 3 3 2

13 3 4 1

14 3 4 2

15 6 3 3

12 Items Taken

16 6 6 2

17 6 6 4

18 6 8 2

19 6 8 4

20 12 6 6

Table A.19 24 Total Items: Scale Means (100*Standard Error) for Two Equating Methods (Mathematics Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating

0.016
(0.156)
0.015

(0.278)
0.019

(0.213)
0.021
0.145)
0.015

(0.234)

0.017
(0.417)
0.016

(0.304)
0.021

(0.270)
0.017

(0.259)
0.018

(0.354)

0.016
(0.218)
0.018

(0.302)
0.017

(0.166)
0.016

(0.192)
0.022

(0.186)

-0.136
(0.272)
-0.125
(0.378)
-0.130
(0.316)
-0.128
(0.225)
-0.131
(0.187)

0.023
(0.223)
0.022

(0.213)
0.025

(0.167)
0.024

(0.117)
0.020

(0.201)

0.040
(2.220)
0.053

(1.832)
0.046

(1.686)
0.073

(2.253)
0.042

(1.359)

0.014
(0.257)
0.018

(0.254)
0.014

(0.488)
0.020

(0.265)
0.024

(0.300)

-0.119
(0.383)
0.107

(0.253)
-0.126
(0.424)
-0.108
(0.199)
-0.133
(0.215)
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12 Items Taken

1 6 6 1

2 6 6 3

3 6 7 1

4 6 8 3

5 12 6 6

24 Items Taken

6 12 12 2

7 12 12 6

8 12 14 2

9 12 16 6

10 24 12 12

Table A.20 48 Total Items: Scale Variances (100*Standard Error) for Two Equating Methods (Mathematics Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating

1.140
(0.356)
1.151

(0.305)
1.142

(0.240)
1.135

(0.297)
1.154

(0.409)

1.143
(0.567)
1.141

(0.450)
1.139

(0.547)
1.119

(0.578)
1.137

(0.644)

1.197
(0.457)
1.194

(0.281)
1.195

(0.400)
1.183

(0.301)
1.199

(0.478)

1.188
(0.516)
1.193

(0.572)
1.185

(0.478)
1.175

(0.272)
1.187

(0.684)

1.147
(0.314)
1.147

(0.292)
1.143

(0.347)
1.141

(0.279)
1.143

(0.228)

1.143
(0.421)
1.146

(0.571)
1.142

(0.441)
1.135

(0.445)
1.135

(0.280)

1.179
(0.437)
1.177

(0.434)
1.174

(0.763)
1.161

(0.399)
1.182

(0.620)

1.166
(0.415)
1.173

(0.432)
1.162

(0.465)
1.171

(0.304)
1.165

(0.426)
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6 Items Taken

11 3 3 1

12 3 3 2

13 3 4 1

14 3 4 2

15 6 3 3

12 Items Taken

16 6 6 2

17 6 6 4

18 6 8 2

19 6 8 4

20 12 6 6

Table A.21 24 Total Items: Scale Variances (100* Standard Error) for Two Equating Methods (Mathematics Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating

1.100
(0.279)
1.087

(0.330)
1.106

(0.346)
1.096

(0.615)
1.095

(0.352)

1.093
(0.301)
1.104

(0.643)
1.080

(1.047)
1.098

(0.400)
1.097

(0.263)

1.119
(0.437)
1.116

(0.629)
1.127

(0.275)
1.126

(0.424)
1.067

(0.386)

1.116
(0.319)
1.120

(0.504)
1.109

(0.520)
1.115

(0.444)
1.061

(0.313)

1.146
(0.201)
1.143

(0.183)
1.138

(0.328)
1.145

(0.282)
1.143

(0.301)

0.990
(3.586)
1.020

(5.973)
0.909

(4.178)
0.929

(7.167)
1.024

(3.513)

1.207
(0.348)
1.209

(0.422)
1.195

(0.457)
1.194

(0.726)
1.195

(0.466)

1.188
(0.326)
1.199

(0.366)
1.195

(0.395)
1.189

(0.309)
1.190

(0.434)
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A
E

P

12 Items Taken

1 6 6 1

2 6 6 3

3 6 7 1

4 6 8 3

5 12 6 6

24 Items Taken

6 12 12 2

7 12 12 6

8 12 14 2

9 12 16 6

10 24 12 12

Table A.22 48 Total Items Scale Skewness (100*Standard Error) for Two Equating Methods (Mathematics Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating

0.066
(0.368)
0.072

(0.911)
0.071

(0.621)
0.068

(0.437)
0.058

(0.539)

0.064
(0.732)
0.082

(0.467)
0.072

(0.308)
0.070

(0.686)
0.066

(0.781)

0.090
(0.516)
0.083

(0.689)
0.086

(0.612)
0.084

(0.665)
0.094

(0.809)

0.097
(0.590)
0.095

(0.729)
0.099

(0.866)
0.093

(0.374)
0.088

(0.716)

0.023
(0.340)
0.030

(0.707)
0.037

(0.909)
0.038

(0.567)
0.026

(0.721)

0.037
(0.781)
0.036

(0.609)
0.049

(0.522)
0.036

(1.042)
0.033

(0.725)

0.068
(0.947)
0.057

(0.541)
0.078

(0.395)
0.068

(0.559)
0.036

(0.402)

0.065
(0.553)
0.070

(0.634)
0.072

(0.968)
0.068

(0.609)
0.041

(0.708)
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6 Items Taken

11 3 3 1

12 3 3 2

13 3 4 1

14 3 4 2

15 6 3 3

12 Items Taken

16 6 6 2

17 6 6 4

18 6 8 2

19 6 8 4

20 12 6 6

Table A.23 24 Total Items: Scale Skewness (100*Standard Error) for Two Equating Methods (Mathematics Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating

0.045
(0.827)
0.039

(0.784)
0.065

(0.510)
0.049

(0.603)
0.038

(0.704)

0.060
(0.826)
0.037

(0.522)
0.041

(0.684)
0.047

(0.686)
0.052

(0.430)

0.042
(0.759)
0.035

(0.725)
0.043

(0.524)
0.041

(0.633)
0.040

(0.324)

0.042
(0.628)
0.044

(0.662)
0.035

(0.463)
0.046

(0.516)
0.025

(0.690)

0.051
(0.441)
0.060

(0.551)
0.055

(0.334)
0.066

(0.375)
0.050

(0.770)

-0.008
(1.319)
-0.010
(3.538)
-0.024
(2.399)
-0.075
(4.599)
-0.018
(1.698)

0.069
(0.330)
0.078

(0.759)
0.070

(0.440)
0.071

(0.814)
0.072

(0.822)

0.073
(0.405)
0.069

(0.986)
0.094

(0.361)
0.085

(0.777)
0.082

(0.640)
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A
E

P

12 Items Taken

1 6 6 1

2 6 6 3

3 6 7 1

4 6 8 3

5 12 6 6

24 Items Taken

6 12 12 2

7 12 12 6

8 12 14 2

9 12 16 6

10 24 12 12

Table A.24 48 Total Items: Scale Kurtosis (100*Standard Error) for Two Equating Methods (Mathematics Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating

-0.148
(1.193)
-0.167
(1.087)
-0.175
(1.082)
-0.171
(1.210)
-0.169
(1.088)

-0.159
(0.735)
-0.150
(1.763)
-0.162
(0.765)
-0.153
(1.362)
-0.148
(1.115)

-0.152
(0.938)
-0.168
(1.135)
-0.163
(0.859)
-0.132
(1.687)
-0.145
(1.158)

-0.141
(1.249)
-0.132
(1.459)
-0.153
(1.021)
-0.150
(1.099)
-0.127
(1.053)

-0.241
(1.138)
-0.238
(1.513)
-0.255
(0.539)
-0.245
(1.079)
-0.260
(0.687)

-0.263
(1.524)
-0.262
(1.253)
-0.246
(1.448)
-0.219
(1.488)
-0.243
(0.993)

-0.245
(0.840)
-0.262
(1.086)
-0.249
(1.491)
-0.230
(1.094)
-0.276
(0.721)

-0.218
(1.262)
-0.229
(1.021)
-0.232
(1.383)
-0.211
(0.940)
-0.260
(1.142)
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6 Items Taken

11 3 3 1

12 3 3 2

13 3 4 1

14 3 4 2

15 6 3 3

12 Items Taken

16 6 6 2

17 6 6 4

18 6 8 2

19 6 8 4

20 12 6 6

Table A.25 24 Total Items: Scale Kurtosis (100*Standard Error) for Two Equating Methods (Mathematics Simulation)

                                                            Number of:                                                                           No Population Change                   -0.15 Population Change
Common Invariance Common Item Common Item

Cell Common Items Type I Items Type I Items Wave I Equating Equating Equating

-0.105
(0.962)
-0.092
(1.071)
-0.096
(1.526)
-0.116
(1.407)
-0.100
(1.270)

-0.090
(0.733)
-0.111
(1.071)
-0.095
(1.295)
-0.104
(0.492)
-0.079
(1.406)

-0.078
(0.954)
-0.046
(0.833)
-0.077
(1.142)
-0.059
(0.714)
-0.015
(1.117)

-0.035
(0.855)
-0.045
(1.351)
-0.051
(0.943)
-0.046
(1.110)
-0.031
(0.969)

-0.181
(1.030)
-0.174
(0.959)
-0.174
(1.263)
-0.208
(0.707)
-0.156
(0.999)

-0.078
(2.592)
-0.115
(2.834)
-0.024
(4.074)
-0.091
(3.613)
-0.094
(3.229)

-0.173
(1.237)
-0.180
(1.053)
-0.186
(1.026)
-0.192
(0.820)
-0.186
(0.687)

-0.152
(0.893)
-0.174
(0.816)
-0.149
(1.427)
-0.149
(1.239)
-0.156
(0.945)
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Table A.26 Average Scale Linking Bias Using Multiple Group IRT

                              Number of:                          No Population Change      -0.15 Population Change
Common

Common Type I Type I
Cell  Items Items  Items Reading Math Reading Math

48 Total Items, 12 Items Taken

1 6 6 1 -0.003 -0.001 -0.003 -0.002

2 6 6 3 0.003 -0.003 0.000 -0.007

3 6 7 1 0.001 0.005 -0.014 0.002

4 6 8 3 0.001 -0.008 0.001 -0.002

5 12 6 6 -0.005 -0.004 -0.003 0.006

48 Total Items, 24 Items Taken

6 12 12 2 -0.007 -0.002 0.001 -0.005

7 12 12 6 -0.008 0.002 -0.004 0.000

8 12 14 2 -0.011 0.001 -0.003 0.002

9 12 16 6 0.005 -0.004 -0.001 -0.010

10 24 12 12 -0.001 0.001 0.000 0.001

24 Total Items, 6 Items Taken

11 3 3 1 0.001 -0.004 -0.006 -0.003

12 3 3 2 0.000 0.003 0.002 0.005

13 3 4 1 -0.001 -0.009 -0.001 -0.002

14 3 4 2 -0.001 0.004 -0.011 0.004

15 6 3 3 0.002 -0.000 0.000

24 Total Items, 12 Items Taken

16 6 6 2 0.004 0.001 0.003 0.001

17 6 6 4 0.006 -0.004 0.005 -0.007

18 6 8 2 -0.006 -0.005 -0.008 -0.002

19 6 8 4 -0.003 0.012 -0.004 0.005

20 12 6 6 -0.005 0.004 0.000 -0.001

Note: Standard errors are typically less than 0.003.
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Table A.27 Ratio of Wave 2 to Wave 1 Variance Using Multiple Group IRT

                              Number of:                          No Population Change      -0.15 Population Change
Common

Common Type I Type I
Cell  Items Items  Items Reading Math Reading Math

48 Total Items, 12 Items Taken

1 6 6 1 1.002 0.988 0.991 0.983

2 6 6 3 0.996 0.991 0.998 0.985

3 6 7 1 0.993 0.988 1.001 0.995

4 6 8 3 0.993 1.000 0.996 0.994

5 12 6 6 1.001 1.001 1.002 0.992

48 Total Items, 24 Items Taken

6 12 12 2 0.989 0.985 0.995 0.977

7 12 12 6 1.009 1.000 1.003 0.979

8 12 14 2 0.992 0.981 0.990 0.983

9 12 16 6 0.981 0.991 0.990 0.982

10 24 12 12 0.995 1.010 0.999 0.996

24 Total Items, 6 Items Taken

11 3 3 1 1.008 1.005 0.994 0.992

12 3 3 2 1.008 0.997 1.003 0.988

13 3 4 1 1.001 0.990 0.998 0.983

14 3 4 2 0.993 1.002 0.995 0.994

15 6 3 3 0.994 1.005 0.997

24 Total Items, 12 Items Taken

16 6 6 2 1.009 1.010 1.012 0.986

17 6 6 4 0.998 0.993 1.007 0.995

18 6 8 2 0.990 0.990 0.991 0.977

19 6 8 4 1.002 0.999 0.995 0.990

20 12 6 6 1.004 1.006 0.997 0.988
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Table A.28 Difference Between Wave 2 and Wave 1 Skewness Using Multiple
Group IRT

                              Number of:                          No Population Change      -0.15 Population Change
Common

Common Type I Type I
Cell  Items Items  Items Reading Math Reading Math

48 Total Items, 12 Items Taken

1 6 6 1 0.009 -0.021 -0.001 -0.008

2 6 6 3 0.002 0.003 0.001 0.004

3 6 7 1 -0.010 0.001 -0.008 -0.009

4 6 8 3 0.002 -0.028 -0.005 -0.011

5 12 6 6 0.003 0.001 -0.008 0.004

48 Total Items, 24 Items Taken

6 12 12 2 -0.003 -0.045 0.000 -0.023

7 12 12 6 0.003 -0.026 -0.010 -0.007

8 12 14 2 -0.027 -0.068 -0.032 -0.047

9 12 16 6 -0.001 -0.010 -0.002 -0.023

10 24 12 12 -0.009 -0.027 -0.021 -0.011

24 Total items, 6 Items Taken

11 3 3 1 0.010 0.018 -0.004 0.011

12 3 3 2 -0.010 -0.014 -0.018 0.010

13 3 4 1 -0.009 0.011 -0.003 0.003

14 3 4 2 0.002 0.006 -0.009 -0.002

15 6 3 3 0.011 -0.003 -0.003

24 Total Items, 12 Items Taken

16 6 6 2 0.004 -0.004 0.000 0.000

17 6 6 4 -0.003 0.010 -0.020 0.006

18 6 8 2 -0.015 0.010 0.004 -0.011

19 6 8 4 -0.003 0.015 -0.020 0.016

20 12 6 6 -0.017 -0.003 -0.005 0.000

Note: Standard errors are typically less than 0.008.
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Table A.29 Difference Between Wave 2 and Wave 1 Kurtosis Using Multiple
Group IRT

                              Number of:                          No Population Change      -0.15 Population Change
Common

Common Type I Type I
Cell  Items Items  Items Reading Math Reading Math

48 Total Items, 12 Items Taken

1 6 6 1 0.007 -0.030 0.016 -0.016

2 6 6 3 0.000 0.006 0.002 -0.023

3 6 7 1 0.014 -0.039 -0.020 -0.043

4 6 8 3 -0.024 -0.020 0.005 -0.011

5 12 6 6 -0.018 -0.006 -0.020 -0.005

48 Total Items, 24 Items Taken

6 12 12 2 0.031 -0.012 0.013 -0.039

7 12 12 6 0.008 0.003 -0.011 0.005

8 12 14 2 0.044 -0.038 0.018 -0.027

9 12 16 6 -0.035 0.003 0.001 -0.022

10 24 12 12 0.004 -0.005 0.019 -0.019

24 Total Items, 6 Items Taken

11 3 3 1 -0.006 0.012 0.015 -0.013

12 3 3 2 0.002 -0.019 -0.001 -0.008

13 3 4 1 0.010 0.010 -0.012 -0.009

14 3 4 2 -0.005 -0.012 -0.007 -0.025

15 6 3 3 0.000 -0.009 -0.047

24 Total Items, 12 Items Taken

16 6 6 2 -0.003 -0.004 -0.011 -0.029

17 6 6 4 0.002 0.016 0.006 0.003

18 6 8 2 -0.019 -0.019 0.021 -0.035

19 6 8 4 0.000 -0.007 0.026 -0.001

20 12 6 6 0.039 -0.012 0.020 -0.025

Note: Standard errors are typically less than 0.025.
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Figure B.1a. Histogram of the Generating Populations of Abilities: Reading

Figure B.1b. Histogram of the Generating Populations of Abilities: Mathematics
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Figure B.2. Quantiles of Scale Distributions for Cell 1 (Reading Simulation)

Figure B.3. Quantiles of Scale Distributions for Cell 2 (Reading Simulation)
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Figure B.4. Quantiles of Scale Distributions for Cell 3 (Reading Simulation)

Figure B.5. Quantiles of Scale Distributions for Cell 4 (Reading Simulation)

Reading:  Cell Three
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Figure B.6. Quantiles of Scale Distributions for Cell 5 (Reading Simulation)

Figure B.7. Quantiles of Scale Distributions for Cell 6 (Reading Simulation)

Reading:  Cell Five
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Figure B.8. Quantiles of Scale Distributions for Cell 7 (Reading Simulation)

Figure B.9. Quantiles of Scale Distributions for Cell 8 (Reading Simulation)

Reading:  Cell Seven
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Figure B.10. Quantiles of Scale Distributions for Cell 9 (Reading Simulation)

Figure B.11. Quantiles of Scale Distributions for Cell 10 (Reading Simulation)

Reading:  Cell Nine
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Figure B.12. Quantiles of Scale Distributions for Cell 11 (Reading Simulation)

Figure B.13. Quantiles of Distribution for Cell 12 (Reading Simulation)

Reading:  Cell Eleven
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Figure B.14. Quantiles of Scale Distributions for Cell 13 (Reading Simulation)

Figure B.15. Quantiles of Scale Distributions for Cell 14 (Reading Simulation)
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Figure B.16. Quantiles of Scale Distributions for Cell 15 (Reading Simulation)

Figure B.17. Quantiles of Scale Distributions for Cell 16 (Reading Simulation)
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Figure B.18. Quantiles of Scale Distributions for Cell 17 (Reading Simulation)

Figure B.19. Quantiles of Scale Distributions for Cell 18 (Reading Simulation)

Reading:  Cell Seventeen
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Figure B.20. Quantiles of Scale Distributions for Cell 19 (Reading Simulation)

Figure B.21. Quantiles of Scale Distributions for Cell 20 (Reading Simulation)

Reading:  Cell Nineteen
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Figure B.22. Quantiles of Scale Distributions for Cell Eight (Reading Simulation), 
with Increased Multidimensionality λ = 0.7

Cell Eight, Mixing Coefficient = 0.70
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Figure B.23. Quantiles of Scale Distributions for Cell 1 (Mathematics Simulation)

Figure B.24. Quantiles of Scale Distributions for Cell 2 (Mathematics Simulation)
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Figure B.25. Quantiles of Scale Distributions for Cell 3 (Mathematics Simulation)

Figure B.26. Quantiles of Scale Distributions for Cell 4 (Mathematics Simulation)
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Figure B.27. Quantiles of Scale Distributions for Cell 5 (Mathematics Simulation)

Figure B.28. Quantiles of Scale Distributions for Cell 6 (Mathematics Simulation)
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Figure B.29. Quantiles of Scale Distributions for Cell 7 (Mathematics Simulation)

Figure B.30. Quantiles of Scale Distributions for Cell 8 (Mathematics Simulation)
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Figure B.31. Quantiles of Scale Distributions for Cell 9 (Mathematics Simulation)

Figure B.32. Quantiles of Scale Distributions for Cell 10 (Mathematics Simulations)
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Figure B.33. Quantiles of Scale Distributions for Cell 11 (Mathematics Simulation)

Figure B.34. Quantiles of Scale Distributions for Cell 12 (Mathematics Simulation)
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Figure B.35. Quantiles of Scale Distributions of Cell 13 (Mathematics Simulation)

Figure B.36. Quantiles of Scale Distributions of Cell 14 (Mathematics Simulation)
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Figure B.37. Quantiles of Scale Distributions for Cell 15 (Mathematics Simulation)

Figure B.38.  Quantiles of Scale Distributions for Cell 16 (Mathematics Simulation)
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Figure B.39. Quantiles of Scale Distributions for Cell 17 (Mathematics Simulation)

Figure B.40. Quantiles of Scale Distributions for Cell 18 (Mathematics Simulation)
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Figure B.41. Quantiles of Scale Distributions for Cell 19 (Mathematics Simulation)

Figure B.42. Quantiles of Scale Distributions for Cell 20 (Mathematics Simulation)
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Statistical Association 

Dan Kasprzyk 

94–02 Generalized Variance Estimate for Schools and Staffing Survey (SASS) Dan Kasprzyk 
94–03 1991 Schools and Staffing Survey (SASS) Reinterview Response Variance Report Dan Kasprzyk 
94–04 The Accuracy of Teachers’ Self-reports on their Postsecondary Education: Teacher 

Transcript Study, Schools and Staffing Survey 
Dan Kasprzyk 

94–06 Six Papers on Teachers from the 1990–91 Schools and Staffing Survey and Other Related 
Surveys 

Dan Kasprzyk 

95–01 Schools and Staffing Survey: 1994 Papers Presented at the 1994 Meeting of the American 
Statistical Association 

Dan Kasprzyk 

95–02 QED Estimates of the 1990–91 Schools and Staffing Survey: Deriving and Comparing 
QED School Estimates with CCD Estimates 

Dan Kasprzyk 

95–03 Schools and Staffing Survey: 1990–91 SASS Cross-Questionnaire Analysis Dan Kasprzyk 
95–08 CCD Adjustment to the 1990–91 SASS: A Comparison of Estimates Dan Kasprzyk 
95–09 The Results of the 1993 Teacher List Validation Study (TLVS) Dan Kasprzyk 
95–10 The Results of the 1991–92 Teacher Follow-up Survey (TFS) Reinterview and Extensive 

Reconciliation 
Dan Kasprzyk 

95–11 Measuring Instruction, Curriculum Content, and Instructional Resources: The Status of 
Recent Work 

Sharon Bobbitt & 
John Ralph 

95–12 Rural Education Data User’s Guide Samuel Peng 
95–14 Empirical Evaluation of Social, Psychological, & Educational Construct Variables Used 

in NCES Surveys 
Samuel Peng 

95–15 Classroom Instructional Processes: A Review of Existing Measurement Approaches and 
Their Applicability for the Teacher Follow-up Survey 

Sharon Bobbitt 

95–16 Intersurvey Consistency in NCES Private School Surveys Steven Kaufman 
95–18 An Agenda for Research on Teachers and Schools: Revisiting NCES’ Schools and 

Staffing Survey 
Dan Kasprzyk 

96–01 Methodological Issues in the Study of Teachers’ Careers: Critical Features of a Truly 
Longitudinal Study 

Dan Kasprzyk 

96–02 Schools and Staffing Survey (SASS): 1995 Selected papers presented at the 1995 Meeting 
of the American Statistical Association 

Dan Kasprzyk 

96–05 Cognitive Research on the Teacher Listing Form for the Schools and Staffing Survey Dan Kasprzyk 



No. Title NCES contact 
96–06 The Schools and Staffing Survey (SASS) for 1998–99: Design Recommendations to 

Inform Broad Education Policy 
Dan Kasprzyk 

96–07 Should SASS Measure Instructional Processes and Teacher Effectiveness? Dan Kasprzyk 
96–09 Making Data Relevant for Policy Discussions: Redesigning the School Administrator 

Questionnaire for the 1998–99 SASS 
Dan Kasprzyk 

96–10 1998–99 Schools and Staffing Survey: Issues Related to Survey Depth Dan Kasprzyk 
96–11 Towards an Organizational Database on America’s Schools: A Proposal for the Future of 

SASS, with comments on School Reform, Governance, and Finance  
Dan Kasprzyk 

96–12 Predictors of Retention, Transfer, and Attrition of Special and General Education 
Teachers: Data from the 1989 Teacher Followup Survey 

Dan Kasprzyk 

96–15 Nested Structures: District-Level Data in the Schools and Staffing Survey Dan Kasprzyk 
96–23 Linking Student Data to SASS: Why, When, How Dan Kasprzyk 
96–24 National Assessments of Teacher Quality Dan Kasprzyk 
96–25 Measures of Inservice Professional Development: Suggested Items for the 1998–1999 

Schools and Staffing Survey 
Dan Kasprzyk 

96–28 Student Learning, Teaching Quality, and Professional Development: Theoretical 
Linkages, Current Measurement, and Recommendations for Future Data Collection 

Mary Rollefson 

97–01 Selected Papers on Education Surveys: Papers Presented at the 1996 Meeting of the 
American Statistical Association 

Dan Kasprzyk 

97–07 The Determinants of Per-Pupil Expenditures in Private Elementary and Secondary 
Schools: An Exploratory Analysis 

Stephen Broughman 

97–09 Status of Data on Crime and Violence in Schools: Final Report Lee Hoffman 
97–10 Report of Cognitive Research on the Public and Private School Teacher Questionnaires 

for the Schools and Staffing Survey 1993–94 School Year 
Dan Kasprzyk 

97–11 International Comparisons of Inservice Professional Development Dan Kasprzyk 
97–12 Measuring School Reform: Recommendations for Future SASS Data Collection Mary Rollefson 
97–14 Optimal Choice of Periodicities for the Schools and Staffing Survey: Modeling and 

Analysis 
Steven Kaufman 

97–18 Improving the Mail Return Rates of SASS Surveys: A Review of the Literature Steven Kaufman 
97–22 Collection of Private School Finance Data: Development of a Questionnaire Stephen Broughman 
97–23 Further Cognitive Research on the Schools and Staffing Survey (SASS) Teacher Listing 

Form 
Dan Kasprzyk 

97–41 Selected Papers on the Schools and Staffing Survey: Papers Presented at the 1997 Meeting 
of the American Statistical Association 

Steve Kaufman 

97–42 Improving the Measurement of Staffing Resources at the School Level:  The Development 
of Recommendations for NCES for the Schools and Staffing Survey (SASS) 

Mary Rollefson 

97–44 Development of a SASS 1993–94 School-Level Student Achievement Subfile:  Using 
State Assessments and State NAEP, Feasibility Study 

Michael Ross 

98–01 Collection of Public School Expenditure Data: Development of a Questionnaire Stephen Broughman 
98–02 Response Variance in the 1993–94 Schools and Staffing Survey: A Reinterview Report Steven Kaufman 
98–04 Geographic Variations in Public Schools’ Costs William J. Fowler, Jr. 
98–05 SASS Documentation: 1993–94 SASS Student Sampling Problems; Solutions for 

Determining the Numerators for the SASS Private School (3B) Second-Stage Factors 
Steven Kaufman 

98–08 The Redesign of the Schools and Staffing Survey for 1999–2000: A Position Paper Dan Kasprzyk 
98–12 A Bootstrap Variance Estimator for Systematic PPS Sampling Steven Kaufman 
98–13 Response Variance in the 1994–95 Teacher Follow-up Survey Steven Kaufman 
98–14 Variance Estimation of Imputed Survey Data  Steven Kaufman 
98–15 Development of a Prototype System for Accessing Linked NCES Data Steven Kaufman 
98–16 A Feasibility Study of Longitudinal Design for Schools and Staffing Survey Stephen Broughman 

1999–02 Tracking Secondary Use of the Schools and Staffing Survey Data: Preliminary Results Dan Kasprzyk 
1999–04 Measuring Teacher Qualifications Dan Kasprzyk 
1999–07 Collection of Resource and Expenditure Data on the Schools and Staffing Survey Stephen Broughman 
1999–08 Measuring Classroom Instructional Processes: Using Survey and Case Study Fieldtest 

Results to Improve Item Construction 
Dan Kasprzyk 

1999–10 What Users Say About Schools and Staffing Survey Publications Dan Kasprzyk 
1999–12 1993–94 Schools and Staffing Survey: Data File User’s Manual, Volume III: Public-Use 

Codebook 
Kerry Gruber 

1999–13 1993–94 Schools and Staffing Survey: Data File User’s Manual, Volume IV: Bureau of 
Indian Affairs (BIA) Restricted-Use Codebook 

Kerry Gruber 

1999–14 1994–95 Teacher Followup Survey: Data File User’s Manual, Restricted-Use Codebook Kerry Gruber 
1999–17 Secondary Use of the Schools and Staffing Survey Data Susan Wiley 
2000–04 Selected Papers on Education Surveys: Papers Presented at the 1998 and 1999 ASA and 

1999 AAPOR Meetings 
Dan Kasprzyk 



No. Title NCES contact 
2000–10 A Research Agenda for the 1999–2000 Schools and Staffing Survey Dan Kasprzyk 
2000–13 Non-professional Staff in the Schools and Staffing Survey (SASS) and Common Core of 

Data (CCD) 
Kerry Gruber 

2000–18 Feasibility Report: School-Level Finance Pretest, Public School District Questionnaire Stephen Broughman 
2002–04 Improving Consistency of Response Categories Across NCES Surveys Marilyn Seastrom 

 
Third International Mathematics and Science Study (TIMSS) 

 

2001–01 Cross-National Variation in Educational Preparation for Adulthood: From Early 
Adolescence to Young Adulthood 

Elvira Hausken 

2001–05 Using TIMSS to Analyze Correlates of Performance Variation in Mathematics Patrick Gonzales 
2001–07 A Comparison of the National Assessment of Educational Progress (NAEP), the Third 

International Mathematics and Science Study Repeat (TIMSS-R), and the Programme 
for International Student Assessment (PISA) 

Arnold Goldstein 

2002–01 Legal and Ethical Issues in the Use of Video in Education Research Patrick Gonzales 



Listing of NCES Working Papers by Subject 
 

No. Title NCES contact 
 
Achievement (student) - mathematics 

 

2001–05 Using TIMSS to Analyze Correlates of Performance Variation in Mathematics Patrick Gonzales 
 
Adult education 

 

96–14 The 1995 National Household Education Survey: Reinterview Results for the Adult 
Education Component  

Steven Kaufman 

96–20 1991 National Household Education Survey (NHES:91) Questionnaires: Screener, Early 
Childhood Education, and Adult Education 

Kathryn Chandler 

96–22 1995 National Household Education Survey (NHES:95) Questionnaires: Screener, Early 
Childhood Program Participation, and Adult Education 

Kathryn Chandler 

98–03 Adult Education in the 1990s: A Report on the 1991 National Household Education 
Survey 

Peter Stowe 

98–10 Adult Education Participation Decisions and Barriers: Review of Conceptual Frameworks 
and Empirical Studies 

Peter Stowe 

1999–11 Data Sources on Lifelong Learning Available from the National Center for Education 
Statistics 

Lisa Hudson 

2000–16a Lifelong Learning NCES Task Force: Final Report Volume I Lisa Hudson 
2000–16b Lifelong Learning NCES Task Force: Final Report Volume II Lisa Hudson 
 
Adult literacy—see Literacy of adults 

 

 
American Indian – education 

 

1999–13 1993–94 Schools and Staffing Survey: Data File User’s Manual, Volume IV: Bureau of 
Indian Affairs (BIA) Restricted-Use Codebook 

Kerry Gruber 

 
Assessment/achievement 

 

95–12 Rural Education Data User’s Guide Samuel Peng 
95–13 Assessing Students with Disabilities and Limited English Proficiency James Houser 
97–29 Can State Assessment Data be Used to Reduce State NAEP Sample Sizes?  Larry Ogle  
97–30 ACT’s NAEP Redesign Project: Assessment Design is the Key to Useful and Stable 

Assessment Results 
Larry Ogle  

97–31 NAEP Reconfigured:  An Integrated Redesign of the National Assessment of Educational 
Progress 

Larry Ogle  

97–32 Innovative Solutions to Intractable Large Scale Assessment (Problem 2:  Background 
Questions) 

Larry Ogle  

97–37 Optimal Rating Procedures and Methodology for NAEP Open-ended Items Larry Ogle  
97–44 Development of a SASS 1993–94 School-Level Student Achievement Subfile: Using 

State Assessments and State NAEP, Feasibility Study 
Michael Ross 

98–09 High School Curriculum Structure: Effects on Coursetaking and Achievement in 
Mathematics for High School Graduates—An Examination of Data from the National 
Education Longitudinal Study of 1988 

Jeffrey Owings 

2001–07 A Comparison of the National Assessment of Educational Progress (NAEP), the Third 
International Mathematics and Science Study Repeat (TIMSS-R), and the Programme 
for International Student Assessment (PISA) 

Arnold Goldstein 

2001–11 Impact of Selected Background Variables on Students’ NAEP Math Performance Arnold Goldstein 
2001–13 The Effects of Accommodations on the Assessment of LEP Students in NAEP Arnold Goldstein 
2001–19 The Measurement of Home Background Indicators: Cognitive Laboratory Investigations 

of the Responses of Fourth and Eighth Graders to Questionnaire Items and Parental 
Assessment of the Invasiveness of These Items 

Arnold Goldstein 

2002-05 Early Childhood Longitudinal Study-Kindergarten Class of 1998–99 (ECLS–K), 
Psychometric Report for Kindergarten Through First Grade 

 
Elvira Hausken 



No. Title NCES contact 
2002-06 

 
 

2002-07 

The Measurement of Instructional Background Indicators: Cognitive Laboratory 
Investigations of the Responses of Fourth and Eighth Grade Students and Teachers to 
Questionnaire Items 

Teacher Quality, School Context, and Student Race/Ethnicity: Findings from the Eighth 
Grade National Assessment of Educational Progress 2000 Mathematics Assessment 

Arnold Goldstein 
 
 
Janis Brown 
 

 
Beginning students in postsecondary education 

 

98–11 Beginning Postsecondary Students Longitudinal Study First Follow-up (BPS:96–98) Field 
Test Report 

Aurora D’Amico 

2001–04 Beginning Postsecondary Students Longitudinal Study: 1996–2001 (BPS:1996/2001) 
Field Test Methodology Report 

Paula Knepper 

 
Civic participation 

 

97–25 1996 National Household Education Survey (NHES:96) Questionnaires: 
Screener/Household and Library, Parent and Family Involvement in Education and 
Civic Involvement, Youth Civic Involvement, and Adult Civic Involvement 

Kathryn Chandler 

 
Climate of schools 

 

95–14 Empirical Evaluation of Social, Psychological, & Educational Construct Variables Used 
in NCES Surveys 

Samuel Peng 

 
Cost of education indices 

 

94–05 Cost-of-Education Differentials Across the States William J. Fowler, Jr. 
 
Course-taking 

 

95–12 Rural Education Data User’s Guide Samuel Peng 
98–09 High School Curriculum Structure: Effects on Coursetaking and Achievement in 

Mathematics for High School Graduates—An Examination of Data from the National 
Education Longitudinal Study of 1988 

Jeffrey Owings 

1999–05 Procedures Guide for Transcript Studies Dawn Nelson 
1999–06 1998 Revision of the Secondary School Taxonomy Dawn Nelson 
2003–01 Mathematics, Foreign Language, and Science Coursetaking and the NELS:88 Transcript 

Data 
Jeffrey Owings 

2003–02 English Coursetaking and the NELS:88 Transcript Data Jeffrey Owings 
 
Crime 

 

97–09 Status of Data on Crime and Violence in Schools: Final Report Lee Hoffman 
 
Curriculum 

 

95–11 Measuring Instruction, Curriculum Content, and Instructional Resources: The Status of 
Recent Work 

Sharon Bobbitt & 
John Ralph 

98–09 High School Curriculum Structure: Effects on Coursetaking and Achievement in 
Mathematics for High School Graduates—An Examination of Data from the National 
Education Longitudinal Study of 1988 

Jeffrey Owings 

 
Customer service 

 

1999–10 What Users Say About Schools and Staffing Survey Publications Dan Kasprzyk 
2000–02 Coordinating NCES Surveys: Options, Issues, Challenges, and Next Steps Valena Plisko 
2000–04 Selected Papers on Education Surveys: Papers Presented at the 1998 and 1999 ASA and 

1999 AAPOR Meetings 
Dan Kasprzyk 

 
Data quality 

 

97–13 Improving Data Quality in NCES: Database-to-Report Process Susan Ahmed 
2001–11 Impact of Selected Background Variables on Students’ NAEP Math Performance Arnold Goldstein 
2001–13 The Effects of Accommodations on the Assessment of LEP Students in NAEP Arnold Goldstein 
2001–19 The Measurement of Home Background Indicators: Cognitive Laboratory Investigations 

of the Responses of Fourth and Eighth Graders to Questionnaire Items and Parental 
Assessment of the Invasiveness of These Items 

Arnold Goldstein 

2002-06 The Measurement of Instructional Background Indicators: Cognitive Laboratory 
Investigations of the Responses of Fourth and Eighth Grade Students and Teachers to 
Questionnaire Items 

Arnold Goldstein 

 
Data warehouse 

 



No. Title NCES contact 
2000–04 Selected Papers on Education Surveys: Papers Presented at the 1998 and 1999 ASA and 

1999 AAPOR Meetings 
Dan Kasprzyk 

 
Design effects 

 

2000–03 Strengths and Limitations of Using SUDAAN, Stata, and WesVarPC for Computing 
Variances from NCES Data Sets 

Ralph Lee 

 
Dropout rates, high school 

 

95–07 National Education Longitudinal Study of 1988: Conducting Trend Analyses HS&B and 
NELS:88 Sophomore Cohort Dropouts 

Jeffrey Owings 

 
Early childhood education 

 

96–20 1991 National Household Education Survey (NHES:91) Questionnaires: Screener, Early 
Childhood Education, and Adult Education 

Kathryn Chandler 

96–22 1995 National Household Education Survey (NHES:95) Questionnaires: Screener, Early 
Childhood Program Participation, and Adult Education 

Kathryn Chandler 

97–24 Formulating a Design for the ECLS: A Review of Longitudinal Studies Jerry West 
97–36 Measuring the Quality of Program Environments in Head Start and Other Early Childhood 

Programs: A Review and Recommendations for Future Research 
Jerry West 

1999–01 A Birth Cohort Study: Conceptual and Design Considerations and Rationale Jerry West 
2001–02 Measuring Father Involvement in Young Children's Lives: Recommendations for a 

Fatherhood Module for the ECLS-B 
Jerry West 

2001–03 Measures of Socio-Emotional Development in Middle School Elvira Hausken 
2001–06 Papers from the Early Childhood Longitudinal Studies Program: Presented at the 2001 

AERA and SRCD Meetings 
Jerry West 

2002-05 Early Childhood Longitudinal Study-Kindergarten Class of 1998–99 (ECLS–K), 
Psychometric Report for Kindergarten Through First Grade 

 
Elvira Hausken 

 
Educational attainment 

 

98–11 Beginning Postsecondary Students Longitudinal Study First Follow-up (BPS:96–98) Field 
Test Report 

Aurora D’Amico 

2001–15 Baccalaureate and Beyond Longitudinal Study: 2000/01 Follow-Up Field Test 
Methodology Report 

Andrew G. Malizio 

 
Educational research 

 

2000–02 Coordinating NCES Surveys: Options, Issues, Challenges, and Next Steps Valena Plisko 
2002–01 Legal and Ethical Issues in the Use of Video in Education Research Patrick Gonzales 

 
Eighth-graders 

 

2001–05 
2002-07 

Using TIMSS to Analyze Correlates of Performance Variation in Mathematics 
Teacher Quality, School Context, and Student Race/Ethnicity: Findings from the Eighth 

Grade National Assessment of Educational Progress 2000 Mathematics Assessment 

Patrick Gonzales 
Janis Brown 

 
Employment 

 

96–03 National Education Longitudinal Study of 1988 (NELS:88) Research Framework and 
Issues 

Jeffrey Owings 

98–11 Beginning Postsecondary Students Longitudinal Study First Follow-up (BPS:96–98) Field 
Test Report 

Aurora D’Amico 

2000–16a Lifelong Learning NCES Task Force: Final Report Volume I Lisa Hudson 
2000–16b Lifelong Learning NCES Task Force: Final Report Volume II Lisa Hudson 
2001–01 Cross-National Variation in Educational Preparation for Adulthood: From Early 

Adolescence to Young Adulthood 
Elvira Hausken 

 
Employment – after college 

 

2001–15 Baccalaureate and Beyond Longitudinal Study: 2000/01 Follow-Up Field Test 
Methodology Report 

Andrew G. Malizio 

 
Engineering 

 

2000–11 Financial Aid Profile of Graduate Students in Science and Engineering Aurora D’Amico 
 
Enrollment – after college 

 



No. Title NCES contact 
2001–15 Baccalaureate and Beyond Longitudinal Study: 2000/01 Follow-Up Field Test 

Methodology Report 
Andrew G. Malizio 

 
Faculty – higher education  

 

97–26 Strategies for Improving Accuracy of Postsecondary Faculty Lists Linda Zimbler 
2000–01 1999 National Study of Postsecondary Faculty (NSOPF:99) Field Test Report Linda Zimbler 
2002–08 A Profile of Part-time Faculty: Fall 1998 Linda Zimbler 

 
Fathers – role in education  

 

2001–02 Measuring Father Involvement in Young Children's Lives: Recommendations for a 
Fatherhood Module for the ECLS-B 

Jerry West 

 
Finance – elementary and secondary schools 

 

94–05 Cost-of-Education Differentials Across the States William J. Fowler, Jr. 
96–19 Assessment and Analysis of School-Level Expenditures William J. Fowler, Jr. 
98–01 Collection of Public School Expenditure Data: Development of a Questionnaire Stephen Broughman 

1999–07 Collection of Resource and Expenditure Data on the Schools and Staffing Survey Stephen Broughman 
1999–16 Measuring Resources in Education: From Accounting to the Resource Cost Model 

Approach 
William J. Fowler, Jr. 

2000–18 Feasibility Report: School-Level Finance Pretest, Public School District Questionnaire Stephen Broughman 
 
Finance – postsecondary 

 

97–27 Pilot Test of IPEDS Finance Survey Peter Stowe 
2000–14 IPEDS Finance Data Comparisons Under the 1997 Financial Accounting Standards for 

Private, Not-for-Profit Institutes: A Concept Paper 
Peter Stowe 

 
Finance – private schools 

 

95–17 Estimates of Expenditures for Private K–12 Schools Stephen Broughman 
96–16 Strategies for Collecting Finance Data from Private Schools Stephen Broughman 
97–07 The Determinants of Per-Pupil Expenditures in Private Elementary and Secondary 

Schools: An Exploratory Analysis 
Stephen Broughman 

97–22 Collection of Private School Finance Data: Development of a Questionnaire Stephen Broughman 
1999–07 Collection of Resource and Expenditure Data on the Schools and Staffing Survey Stephen Broughman 
2000–15 Feasibility Report: School-Level Finance Pretest, Private School Questionnaire Stephen Broughman 

 
Geography 

 

98–04 Geographic Variations in Public Schools’ Costs William J. Fowler, Jr. 
 
Graduate students 

 

2000–11 Financial Aid Profile of Graduate Students in Science and Engineering Aurora D’Amico 
 
Graduates of postsecondary education 

 

2001–15 Baccalaureate and Beyond Longitudinal Study: 2000/01 Follow-Up Field Test 
Methodology Report 

Andrew G. Malizio 

 
Imputation 

 

2000–04 Selected Papers on Education Surveys: Papers Presented at the 1998 and 1999 ASA and 
1999 AAPOR Meeting 

Dan Kasprzyk 

2001–10 Comparison of Proc Impute and Schafer’s Multiple Imputation Software Sam Peng 
2001–16 Imputation of Test Scores in the National Education Longitudinal Study of 1988 Ralph Lee 
2001–17 A Study of Imputation Algorithms Ralph Lee 
2001–18 A Study of Variance Estimation Methods Ralph Lee 

 
Inflation 

  

97–43 Measuring Inflation in Public School Costs William J. Fowler, Jr. 
 

Institution data 
 

2000–01 1999 National Study of Postsecondary Faculty (NSOPF:99) Field Test Report Linda Zimbler 
 
Instructional resources and practices 

 

95–11 Measuring Instruction, Curriculum Content, and Instructional Resources: The Status of 
Recent Work 

Sharon Bobbitt & 
John Ralph 



No. Title NCES contact 
1999–08 Measuring Classroom Instructional Processes: Using Survey and Case Study Field Test 

Results to Improve Item Construction 
Dan Kasprzyk 

 
International comparisons 

 

97–11 International Comparisons of Inservice Professional Development Dan Kasprzyk 
97–16 International Education Expenditure Comparability Study: Final Report, Volume I Shelley Burns 
97–17 International Education Expenditure Comparability Study: Final Report, Volume II, 

Quantitative Analysis of Expenditure Comparability 
Shelley Burns 

2001–01 Cross-National Variation in Educational Preparation for Adulthood: From Early 
Adolescence to Young Adulthood 

Elvira Hausken 

2001–07 A Comparison of the National Assessment of Educational Progress (NAEP), the Third 
International Mathematics and Science Study Repeat (TIMSS-R), and the Programme 
for International Student Assessment (PISA) 

Arnold Goldstein 

 
International comparisons – math and science achievement 

 

2001–05 Using TIMSS to Analyze Correlates of Performance Variation in Mathematics Patrick Gonzales 
 
Libraries 

 

94–07 Data Comparability and Public Policy: New Interest in Public Library Data Papers 
Presented at Meetings of the American Statistical Association 

Carrol Kindel 

97–25 1996 National Household Education Survey (NHES:96) Questionnaires: 
Screener/Household and Library, Parent and Family Involvement in Education and 
Civic Involvement, Youth Civic Involvement, and Adult Civic Involvement 

Kathryn Chandler 

 
Limited English Proficiency 

 

95–13 Assessing Students with Disabilities and Limited English Proficiency James Houser 
2001–11 Impact of Selected Background Variables on Students’ NAEP Math Performance Arnold Goldstein 
2001–13 The Effects of Accommodations on the Assessment of LEP Students in NAEP Arnold Goldstein 

 
Literacy of adults 

 

98–17 Developing the National Assessment of Adult Literacy: Recommendations from 
Stakeholders 

Sheida White 

1999–09a 1992 National Adult Literacy Survey: An Overview Alex Sedlacek 
1999–09b 1992 National Adult Literacy Survey: Sample Design Alex Sedlacek 
1999–09c 1992 National Adult Literacy Survey: Weighting and Population Estimates Alex Sedlacek 
1999–09d 1992 National Adult Literacy Survey: Development of the Survey Instruments Alex Sedlacek 
1999–09e 1992 National Adult Literacy Survey: Scaling and Proficiency Estimates Alex Sedlacek 
1999–09f 1992 National Adult Literacy Survey: Interpreting the Adult Literacy Scales and Literacy 

Levels 
Alex Sedlacek 

1999–09g 1992 National Adult Literacy Survey: Literacy Levels and the Response Probability 
Convention 

Alex Sedlacek 

1999–11 Data Sources on Lifelong Learning Available from the National Center for Education 
Statistics 

Lisa Hudson 

2000–05 Secondary Statistical Modeling With the National Assessment of Adult Literacy: 
Implications for the Design of the Background Questionnaire 

Sheida White 

2000–06 Using Telephone and Mail Surveys as a Supplement or Alternative to Door-to-Door 
Surveys in the Assessment of Adult Literacy 

Sheida White 

2000–07 “How Much Literacy is Enough?” Issues in Defining and Reporting Performance 
Standards for the National Assessment of Adult Literacy 

Sheida White 

2000–08 Evaluation of the 1992 NALS Background Survey Questionnaire: An Analysis of Uses 
with Recommendations for Revisions 

Sheida White 

2000–09 Demographic Changes and Literacy Development in a Decade Sheida White 
2001–08 Assessing the Lexile Framework: Results of a Panel Meeting Sheida White 

 
Literacy of adults – international 

 

97–33 Adult Literacy: An International Perspective Marilyn Binkley 
 
Mathematics 

 

98–09 High School Curriculum Structure: Effects on Coursetaking and Achievement in 
Mathematics for High School Graduates—An Examination of Data from the National 
Education Longitudinal Study of 1988 

Jeffrey Owings 

1999–08 Measuring Classroom Instructional Processes: Using Survey and Case Study Field Test 
Results to Improve Item Construction 

Dan Kasprzyk 



No. Title NCES contact 
2001–05 Using TIMSS to Analyze Correlates of Performance Variation in Mathematics Patrick Gonzales 
2001–07 A Comparison of the National Assessment of Educational Progress (NAEP), the Third 

International Mathematics and Science Study Repeat (TIMSS-R), and the Programme 
for International Student Assessment (PISA) 

Arnold Goldstein 

2001–11 Impact of Selected Background Variables on Students’ NAEP Math Performance Arnold Goldstein 
2002-06 

 
 

2002-07 

The Measurement of Instructional Background Indicators: Cognitive Laboratory 
Investigations of the Responses of Fourth and Eighth Grade Students and Teachers to 
Questionnaire Items 

Teacher Quality, School Context, and Student Race/Ethnicity: Findings from the Eighth 
Grade National Assessment of Educational Progress 2000 Mathematics Assessment 

Arnold Goldstein 
 
 
Janis Brown 

 
Parental involvement in education 

 

96–03 National Education Longitudinal Study of 1988 (NELS:88) Research Framework and 
Issues 

Jeffrey Owings 

97–25 1996 National Household Education Survey (NHES:96) Questionnaires: 
Screener/Household and Library, Parent and Family Involvement in Education and 
Civic Involvement, Youth Civic Involvement, and Adult Civic Involvement 

Kathryn Chandler 

1999–01 A Birth Cohort Study: Conceptual and Design Considerations and Rationale Jerry West 
2001–06 Papers from the Early Childhood Longitudinal Studies Program: Presented at the 2001 

AERA and SRCD Meetings 
Jerry West 

2001–19 The Measurement of Home Background Indicators: Cognitive Laboratory Investigations 
of the Responses of Fourth and Eighth Graders to Questionnaire Items and Parental 
Assessment of the Invasiveness of These Items 

Arnold Goldstein 

 
Participation rates 

 

98–10 Adult Education Participation Decisions and Barriers: Review of Conceptual Frameworks 
and Empirical Studies 

Peter Stowe 

 
Postsecondary education 

 

1999–11 Data Sources on Lifelong Learning Available from the National Center for Education 
Statistics 

Lisa Hudson 

2000–16a Lifelong Learning NCES Task Force: Final Report Volume I Lisa Hudson 
2000–16b Lifelong Learning NCES Task Force: Final Report Volume II Lisa Hudson 
 
Postsecondary education – persistence and attainment 

 

98–11 Beginning Postsecondary Students Longitudinal Study First Follow-up (BPS:96–98) Field 
Test Report 

Aurora D’Amico 

1999–15 Projected Postsecondary Outcomes of 1992 High School Graduates Aurora D’Amico 
 
Postsecondary education – staff 

 

97–26 Strategies for Improving Accuracy of Postsecondary Faculty Lists Linda Zimbler 
2000–01 1999 National Study of Postsecondary Faculty (NSOPF:99) Field Test Report Linda Zimbler 
2002–08 A Profile of Part-time Faculty: Fall 1998 Linda Zimbler 

 
Principals 

 

2000–10 A Research Agenda for the 1999–2000 Schools and Staffing Survey Dan Kasprzyk 
 
Private schools 

 

96–16 Strategies for Collecting Finance Data from Private Schools Stephen Broughman 
97–07 The Determinants of Per-Pupil Expenditures in Private Elementary and Secondary 

Schools: An Exploratory Analysis 
Stephen Broughman 

97–22 Collection of Private School Finance Data: Development of a Questionnaire Stephen Broughman 
2000–13 Non-professional Staff in the Schools and Staffing Survey (SASS) and Common Core of 

Data (CCD) 
Kerry Gruber 

2000–15 Feasibility Report: School-Level Finance Pretest, Private School Questionnaire Stephen Broughman 
 
Projections of education statistics 

 

1999–15 Projected Postsecondary Outcomes of 1992 High School Graduates Aurora D’Amico 
 
Public school finance 

 

1999–16 Measuring Resources in Education: From Accounting to the Resource Cost Model 
Approach 

William J. Fowler, Jr. 

2000–18 Feasibility Report: School-Level Finance Pretest, Public School District Questionnaire Stephen Broughman 



No. Title NCES contact 
 
Public schools 

 

97–43 Measuring Inflation in Public School Costs William J. Fowler, Jr. 
98–01 Collection of Public School Expenditure Data: Development of a Questionnaire Stephen Broughman 
98–04 Geographic Variations in Public Schools’ Costs William J. Fowler, Jr. 

1999–02 Tracking Secondary Use of the Schools and Staffing Survey Data: Preliminary Results Dan Kasprzyk 
2000–12 Coverage Evaluation of the 1994–95 Public Elementary/Secondary School Universe 

Survey 
Beth Young 

2000–13 Non-professional Staff in the Schools and Staffing Survey (SASS) and Common Core of 
Data (CCD) 

Kerry Gruber 

2002–02 Locale Codes 1987 - 2000 Frank Johnson 
 
Public schools – secondary 

 

98–09 High School Curriculum Structure: Effects on Coursetaking and Achievement in 
Mathematics for High School Graduates—An Examination of Data from the National 
Education Longitudinal Study of 1988 

Jeffrey Owings 

 
Reform, educational 

 

96–03 National Education Longitudinal Study of 1988 (NELS:88) Research Framework and 
Issues 

Jeffrey Owings 

 
Response rates 

 

98–02 Response Variance in the 1993–94 Schools and Staffing Survey: A Reinterview Report Steven Kaufman 
 
School districts 

 

2000–10 A Research Agenda for the 1999–2000 Schools and Staffing Survey Dan Kasprzyk 
 
School districts, public 
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