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Background

The National Assessment of Educational Progress (NAEP) was envisioned in the 1960s
as a federal program to provide national figures on the academic achievement of
America’s youth. Besides a general concern that America’s academic achievement might
be lagging behind that of international competitors, there was great concern at that time
about the achievement gap between poor and rich children, and between minority and
non-minority students. From 1971 to 1988, NAEP has provided periodic reports on the
achievement of 9-, 13-, and 17-year-olds in reading, writing, mathematics, and science,
based on sample assessment surveys. Starting in 1990, NAEP expanded to provide state-
by-state achievement reports, and these continue to the present.

Throughout its history, NAEP has been concerned that it accurately represents the
achievement of America’s youth. At first, the design of the NAEP sample called for a
comprehensive assessment of all youth, including high school dropouts, but after the
initial assessment proved the accurate assessment of the out-of-school population to be
prohibitively expensive, this was dropped. Also, as NAEP has aimed for greater
efficiency, surveys of 9-, 13, and 17-year-olds have been replaced by assessment surveys
of fourth, eighth, and twelfth graders. To maintain the assurance that NAEP would
accurately represent students in America’s schools, steps were implemented to ensure
that student absences and school refusals would not bias the reports. The need for the
assurance of a lack of bias became even stronger with the expansion to include state-by-
state trends and comparisons.

Since 1990, NAEP has published The Nation’s Report Card, compiling results from
states participating in State NAEP. Prior to 2003, state participation in State NAEP was
voluntary, but more than 40 states participated in the mathematics assessments in 1990,
1992, 1996, and 2000, and the reading assessments in 1992, 1994, 1998, and 2002. All
states participated, as required, in 2003 and 2005. State education agencies have become
accustomed to looking forward to the Nation’s Report Card as an independent gauge of
the progress of children in their public schools, to validate, if informally, their own state
academic achievement assessments.

From its inception, NAEP has acknowledged that certain strata of American youth are not
represented in its reports. In particular, students in schools for blind and deaf students and
other students with severe disabilities, as well as students who were not English readers,
were excused, or excluded, from the assessment. Before the 1990s, this was a small, very
defined segment of the population, and there was no consensus in the U.S. that failure to
represent these students in NAEP reports was problematic.
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In the 1970s, federal initiatives to improve the educational opportunities of students with
disabilities (SD) and students with limited English proficiency (ELL) were implemented,
and NAEP always included most students with disabilities or limited English proficiency
who had been selected to participate in NAEP, only excluding those judged unable to
participate meaningfully in the assessment.* By 1990, NAEP included a special SD/ELL
(formerly known as IEP/LEP) questionnaire to be completed for each student with a
disability or limited English proficiency who was selected to participate in NAEP but was
excluded. The responses to this questionnaire were used to report on the distribution of
types and severities of disabilities and on other characteristics of the excluded population,
but it was not used to estimate the academic achievement of that segment of the
population.

The 1990s saw both a dramatic growth in America’s concern for educational
opportunities for students with disabilities and a rapid growth in the percentage of
students with non-English backgrounds in the American population. As a result, the
percentage of the NAEP population that was identified as ELL or SD increased, and with
it the percentage of excluded students also increased. In the 1994 grade 4 reading
assessment, the average State NAEP exclusion rate was 6.3 percent of all students in
regular public schools, and in the 1996 grade 4 mathematics assessment, this grew to 7.2
percent.

Clearly, increasing exclusions would compromise the validity of trends reported in the
Nation’s Report Card, and NAEP moved quickly to implement testing accommodations
for SD/ELLs, corresponding to some of the testing accommodations provided by state
education agencies in state assessment programs, such as extra time, one-on-one testing,
and bilingual glossaries. The reasoning was that these accommodations would remove
some barriers interfering with students’ opportunities to show what they know and can
do. Although there was concern that accommodated scores might not have the same
meaning as scores obtained without accommodations, NAEP has combined
accommodated and non-accommodated scores in the Nation’s Report Card for states
starting with 1998.

Implementing accommodations did not solve the problem of exclusions, however. As
recently as 2003, the average State NAEP exclusion rate was 5.9 percent of all students in
public schools, roughly one-third of the SD/ELL students selected for NAEP. For
reporting academic achievement trends and comparing results between demographic
groups and between states, this would not be a problem if the exclusion rate were the
same everywhere, for all demographic groups, and constant across time. However, this is
not the case.

Since 2003, students with limited English proficiency have been referred to as English language learners
(ELLs), and that is the term by which they will bereferred in the remainder of this paper. For example, the
SD/LEP questionnaire (originally the | EP/LEP questionnaire to designate that students with disabilities
were characterized as having official Individual Educational Plans) will be referred to as the SD/ELL
guestionnaire.
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Kentucky

The urgency for a solution to NAEP’s exclusion problem became apparent in early 1999,
when the results of the 1998 NAEP grade 4 reading assessment were reported to the
public, with comparisons of similar scores in 1994. Kentucky had undertaken a system-
wide educational reform effort in the 1990s and developed new tests for KIRIS, its
accountability system. KIRIS called for school rewards and sanctions based on student
test scores, and improvements on NAEP would be a major validation of their efforts.

At the press conference in Louisville to announce that NAEP found significant gains in
Kentucky in reading between 1994 and 1998, a member of the audience, Robert Innes,
asked whether that significant gain might merely be a reflection of the fact that the
percentage of students with disabilities who were excluded from NAEP increased from
3.9 percent in 1994 to 8.9 percent in 1998. This was a challenge that NAEP could not
answer directly at the time. The NAEP contractor, the Educational Testing Service,
carried out “what if” analyses, artificially increasing the 1994 exclusion rate to 8.9
percent by deleting the lowest SD/ELL scores from the average, and found that Mr. Innes
may have been right.

On the other hand, the Kentucky Department of Education had a consultant contract with
the Human Resources Research Organization who quickly conducted analyses that
indicated that the NAEP gains were real, not a byproduct of the increase in exclusions
(Wise, 1999). Dr. Wise used KIRIS scores to estimate NAEP achievement of samples of
students who were demographically similar to the NAEP excluded students.
Unfortunately, those analyses were flawed. First, because NAEP and KIRIS scores were
not highly correlated, which he could not have known at the time, the assumption that
demographic matching would result in achievement matching was in error.? Second,
some of the KIRIS scores were obtained with a testing accommodation rejected by
NAEP: reading the reading test content aloud to the student.

The NAEP Validity Studies Panel (NVS), the NAEP Design and Analysis Committee
(DAC), and the National Institute of Statistical Sciences (NISS)

The National Center for Education Statistics (NCES) called on committees of experts to
address the problem of dealing with changing NAEP exclusion rates. The NVS, charged
with identifying threats to the validity of NAEP and proposing research to address those
threats, considered this an important threat to the validity of NAEP trends and proposed
an approximate solution. Don McLaughlin, chief scientist at the American Institutes for
Research, proposed to generate full population estimates that would include
representation of the excluded population of SD/ELLs by starting with the achievement
distribution of included SD/ELLSs in each state and estimating the difference between
excluded and included SD/ELLs based on information that was available on both sets of
students (SD/ELL questionnaire responses and limited demographic information). He has
referred to this as the “profile matching method.”

Other analyses (McLaughlin and Bandeirade Mello, 2002) indicate that the NA EP-state assessment
correlation was wesker in Kentucky than in many other states. Whether this was due to differencesin
administrative contexts, test formats, test content, or scoring methods, is unknown. The weak correlation
should not be construed as a criticism of either test.
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The DAC, charged with solving technical and analytical problems in the
operationalization of NAEP, also considered the problem. Al Beaton, professor at Boston
College and previously lead analyst for NAEP, proposed switching NAEP reporting to
medians, based on the assumption that the entire distribution of achievement of the
excluded population would fall below the median of the full population. NCES requested
that the National Institute of Statistical Sciences hold a seminar in June 2000 to evaluate
the approaches proposed by McLaughlin and Beaton. Both McLaughlin and Beaton
agreed, it should be pointed out, that the NAEP exclusion problem was a problem that
could not be ignored and required solution. And the NISS report included the following
statement:

Workshop participants recognize the need for NAEP to report results that apply
to the full target population of students. In view of highly variable rates of
exclusion from state to state, we conclude that the traditional reporting of
statistics (means, percentiles, and proportions of students above specified
achievement levels) fails to meet this need. (NISS, 2000, page 8)

NISS found that the method proposed by Beaton has two important drawbacks: (1) it
does not lend itself to reporting of subgroup achievement or percentages of students
meeting the basic level, which are important parts of NAEP’s mission, and (2) changing
from means to medians would require a substantial redesign of the NAEP analysis
framework.

Concerning the first problem, would the assumption be that all excluded Black students
achieved below the median of the Black student population, while all excluded White
students would only be assumed to achieve below the median of the White student
population? Also, to report NAEP percentages for meeting a standard that is met by more
than half the students in the nation, merely assuming that all excluded students would
have scored below the median would not yield computable estimates of the percentage of
the full population meeting the standards.

The second problem is not insurmountable, but it would require developing new methods
for communicating the NAEP results, as well as new training for NAEP analysts, such as
NAEP State Coordinators. New technical manuals for analysis would be required, with
verification of the accuracy of new standard error estimates for medians.

NISS found the assumptions underlying the profile matching method to be “complex,”
“fragile,” and “heroic.” It is apparent that the participants did not grasp the simplicity of
the assumption underlying the method. In fact, there are two clear issues: (1) whether the
achievement of excluded students would be at the same level (or lower) than the
achievement of included SD/ELLs with matching profiles, and (2) what the impact of
imperfect regression estimates, due to measurement error, is on the results. The NISS
statement about the profile matching method is reproduced in Appendix A, with
annotations.

Concerning the first issue, two validation studies have yielded results supportive of the
accuracy of the profile matching method for NAEP full population estimation. First,
HumRRO evaluated the accuracy of the profile matching method and the impact of
departures from the assumption on the results using simulated NAEP data; and second,
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AIR has compared the achievement of excluded (NAEP) students on state assessment
scores to the achievement of included SD/ELLs using matched student-level records from
the 1998 and 2003 assessments. Both studies are described in this report.

Concerning the second issue, the profile matching method is set up so that if the profiles
conveyed no relevant information at all (R?=0), the estimation would be that the average
achievement of excluded students was the same as that of included SD/ELLSs in the same
NAEP assessment in the same state. Even in this event (which has not occurred), the
profile matching results would still be much more valid as full population estimates than
standard NAEP estimates are, because the standard NAEP estimates completely ignore
the excluded student population, which is logically equivalent to assuming that the
achievement of excluded students would be like the achievement of all included students
in the state, including both SD/ELLs and non-SD/ELLSs.

As a member of the NAEP Validity Studies Panel, Don McLaughlin proceeded to carry
out analyses of the profile matching method and to produce full population estimates for
the 1992, 1994, 1996, 1998, and 2000 NAEP reading and mathematics assessments. In
2001 McLaughlin prepared a detailed report on the application of the method for
estimation of mathematics achievement gains between 1996 and 2000. This report is
included as an appendix in the NVS Panel’s Agenda for NAEP Validity Research,
published in 2002. It is attached as Appendix B (with its own appendix, referred to here
as Appendix C). In a poll of members of the NVS Panel, the issue of representing the
population of excluded students was considered a high priority for NAEP validity
research.

In early 2001, NCES requested McLaughlin to provide full population estimates for the
1996-t0-2000 NAEP mathematics gains for an internal evaluation of the situation with
respect to the impact of changing exclusion rates on reports of statistically significant
gains across states. However, NCES did not publicly release the information about the
differences between the full population and included population results in publishing the
Nation’s Report Card for 2000, although the median and profile matching methods were
mentioned in a technical appendix as methods NCES was considering and supporting
research on. NCES reported that it had “not yet judged either statistical adjustment
approach ready for operational use.”(NCES 2001-517, page 208)

From the time at which the profile matching method was demonstrated as a practical
solution to the excluded student problem in 2000, NCES moved very slowly to
incorporate full population estimates into the standard NAEP reports, continuing to
publish reports tacitly excluding that subpopulation from the students whose achievement
NAEP represents. One reason for the lack of movement was a concern on the part of
NCES that if NAEP were to acknowledge that there were any problem with the
representativeness of NAEP results, it could lead to a loss of credibility for NAEP at a
time when NAEP was being considered for a central role in the accountability provisions
of the nascent No Child Left Behind. NCES justified the lack of movement by (1) calling
for additional research on the profile matching method and (2) implementing
accommaodations which, it was hoped, would eliminate the vast majority of exclusions.

In 2003, NCES included an appendix to the 2002 Nation’s Report Card on reading that
indicated the number of states for which the profile matching method (referred to as “one
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possible scenario”) produced results different from the standard NAEP estimates. The
relevant pages (155-163) are reproduced as Appendix D. In that appendix, NCES wrote
the following:

In 2002, exclusion rates varied among jurisdictions. In addition, cases of both
increases and decreases in exclusion rates occurred between 1998 and 2002,
making comparisons over time within jurisdictions complex to interpret. Thus, the
potential impact of exclusion rates on assessment results is a validity concern.
The essential problem is the differential representativeness of samples, which
could impact the comparability of cross-state comparisons within a given year
and state trends across years. (NCES 2003-521, page 155)

Nevertheless, NAEP presented the statistics based on the included subpopulation as the
official state-by-state reading achievement trend statistics.

HumRRO validation

In the summer of 2003, the Educational Testing Service (ETS) indicated that it was
working on an alternative method for generating full population estimates, and NCES
asked its NAEP quality assurance contractor, the Human Resources Research
Organization (HUumRRO) to check the validity of the alternative methods. In the fall of
2003, HUmMRRO created 12 simulated NAEP-like datasets, based on the 2003 reading
assessment, and simulated exclusions from the data in patterns similar to the patterns of
real NAEP exclusions. Some of the exclusions were generated to match the assumption
of the profile matching method and others were generated to violate that assumption (i.e.,
they violated the assumption in that the average excluded student achievement was lower
in comparison with included SD/ELL achievement than would be predicted by
differences in the predictors.) The accuracy of an imputation method could be evaluated
by how close it reproduced the statistics of the pre-exclusion datasets.

HumRRO submitted these datasets to AIR and ETS, and AIR returned corresponding full
population datasets to HUMRRO, along with the SAS program that was used to generate
them, two days later. ETS did not provide alternative full population estimates. Three
months later, HUMRRO sent a second round of simulation data, based on the 2003 NAEP
mathematics assessment, for which AIR immediately provided full population estimates
based on the profile matching method.

The results of the HUmRRO validation of AIR’s full population estimates are displayed
in table 1, adapted from their report (Wise, Le, Hoffman, & Becker, 2004). Both rounds
of simulations (based on the grade 4 reading and grade 8 mathematics assessments)
yielded very similar results. Ignoring the exclusions of SD/ELLs in percentages matching
the 2003 NAEP experience yielded average biases of approximately 2 points on the
NAEP scale. These biases varied from state to state, with a standard deviation of
approximately half a point on the NAEP scale. In some states the bias might be as much
as 4 or 5 points while in others the bias might be less than 1 point. Filling in plausible
values for the achievement of excluded SD/ELLs reduced that bias to zero when the
assumption of the profile matching method was met and to about one half point in the
cases in which the assumption was not met. Moreover, the bias varied from state to state
by only .2 to .3 points on the NAEP scale. That is, for very few states was the bias greater
than 1 point, even when the assumption was violated.

6
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Table 1. Statistical results of application of profile matching to simulated NAEP
achievement scale score points

Mean bias
(deviation from

Standard deviation of bias
across states and

pre-exclusion simulation) replications
Condition
Profile Profile
matching Ignoring matching Ignoring

imputations  exclusions | imputations exclusions
Grade 4 Reading
Meets assumption of profile matching method 0.02 247 0.18 0.45
Moderate departure from assumption 0.42 3.08 0.21 0.61
Large departure from assumption 0.72 3.60 0.29 0.77
Grade 8 Mathematics
Meets assumption of profile matching method -0.02 1.44 0.13 0.32
Moderate departure from assumption 0.35 1.80 0.16 0.37
Large departure from assumption 0.72 2.19 0.30 0.58

SOURCE: HUumRRO Technical Report 04-50.

In the following section of this report, we describe evidence of the seriousness of the
NAEP exclusion problem, describe the profile matching method for imputing plausible
values for excluded students in detail, and describe research results on a series of
questions about NAEP exclusion bias and full population estimates.



Properties of NAEP Full Population Estimates

Evidence of the need for NAEP full population estimates

Since 1990, NAEP results have become increasingly important in state education policy-
making. For example, NAEP’s placement of California at the bottom of the heap, in
achievement and class size, in 1994 was a crucial factor in California’s decision to make
a major investment, of $1,000,000,000 per year, in class size reduction. For a public
made increasingly skeptical about reports of achievement gains on state tests, NAEP has
taken on the role of the neutral objective chronicler of state-by-state gains in reading and
mathematics achievement.

Responding to this role, NAEP has taken great care to construct and administer tests that
are valid and represent the population of public school students in each state. Care is
taken to ensure that the random samples of schools and students selected for NAEP are
representative, and both make-up sessions and sophisticated weighting of results are used
to adjust for student absences from testing.

Nevertheless, there is a flaw in NAEP’s procedures: schools are allowed to exclude some
students with disabilities and English language learners from NAEP participation, and as
a result, the reading and mathematics achievement of this segment of the student
population is underrepresented in NAEP state achievement results. By accident, by
design, or as an indirect effect of other state policies, the size of the excluded population
varies from state to state, and within the same state, over time. The average percentages
of students with disabilities and English language learners who are excluded from NAEP
participation range roughly from 20 percent to 50 percent (McLaughlin et al., 20053,
2005b). Although the excluded students constitute only 5 to 10 percent of the total
population of public school students, that is sufficient to distort NAEP trend results, and
it can erode the credibility and usefulness of NAEP over time.

Exclusion rate changes

Changes in exclusion rates from one NAEP assessment to the next can have a substantial
impact on reports of achievement trends if these changes are ignored. Table 2 displays
the changes in exclusion rates (as percentages of the total population) for 11 different
NAEP trend intervals. In the first three of these intervals, the comparisons are between
assessments in which accommodations were not allowed on NAEP; in the last eight,
accommodations were allowed.

As table 2 shows, there was a noticeable increase in exclusion rates during the 1990s,
before accommodations were introduced, averaging about 1.5 percent of the student
population. What is problematic is that the increases varied substantially between states.
For example, between 1996 and 2000, the grade 4 exclusion rate increased by 6.4 percent
in North Carolina, while it decreased by 6.8 percent in California. As a result, the
standard NAEP trend reports overestimated the mathematics achievement gain in states
like North Carolina and underestimated the mathematics achievement gain in states like
California.

After the introduction of accommodations in NAEP, the average trend toward increasing
exclusions stopped, as shown in the lower part of table 2. However, state-to-state
variation remains substantial, even for trends to 2003. Between the 1998 and 2003 grade
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4 reading assessments, exclusions were reduced dramatically (by 9.0 percent) in
California, while in the same period exclusions increased dramatically (by 9.7 percent) in
Delaware. These large swings clearly had the potential to distort comparison of gains
between states. (A simple linear regression analysis suggests that for reading and for
grade 8 mathematics, an increase of one percent in the exclusion rate can be responsible
for about a .75-point increase in the resulting apparent NAEP trend if exclusions are
ignored.)

Table 2. Changes in exclusion rates (percentage of all students) during NAEP trend

intervals
State with  Average State with
Subject Years Grade largest decrease increase largest increase
Accommodations not allowed in NAEP
Reading 1994-1998 4 Tennessee 1.9% 1.5% Louisiana 6.4%
Mathematics 1996-2000 4 California 6.8% 1.5% North Carolina 6.4%
8 Nebraska 4.8% 1.6% North Carolina 9.4%
Accommodations allowed in NAEP
Reading 1998-2002 4 California 9.2% 0.1% Delaware 6.6%
8 Oklahoma 4.9% 0.7% North Carolina 6.4%
1998-2003 4 California9.0% -0.4% Delaware 9.7%
8 Oklahoma 4.9% 0.4% Delaware 7.1%
2002-2003 4 North Carolina4.6% —0.5% South Carolina 3.2%
8 Louisiana 4.2% —0.5% South Carolina 2.9%
Mathematics 2000-2003 4 Hawaii 5.6% —-0.3% Mississippi 2.7%
8 New Mexico 4.8% -0.4% South Carolina 3.0%

SOURCE: The National Assessment of Educational Progress (NAEP) 1994 to 2003 Reading and
Mathematics Assessments.

Correlations of exclusion rate changes and achievement trends

If the cause of an exclusion rate change is a change in the percentages of students who
can meaningfully participate in the assessment, then one should expect that exclusion
rates would diminish in states in which achievement is on the rise; while in states where
achievement is falling, one should not be surprised to find more students being excluded
because the test is too difficult for them. That is, the correlation between increases in
achievement and increases in exclusions should be negative.

On the other hand, if achievement gains are to some extent just an artifact of increasing
exclusions of low-achieving students and achievement losses are similarly a result of
reducing exclusions, then the correlation between increasing achievement and increasing
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exclusions will be positive. It is that artifactual component of the gain that full population
estimates are designed to eliminate.

Unfortunately, as shown in table 3, the correlations between exclusion increases and
achievement gains as reported in standard NAEP results are positive. The average
correlation, across 11 NAEP trend intervals, is .36. That is, to some extent the standard
NAEP gains are overestimates in states with increasing exclusions and underestimates in
states with decreasing exclusions. The only exceptions are for grade 4 mathematics.

Table 3. Correlations between state exclusion rate increases and state achievement
increases on NAEP

Ignoring Profile matching
exclusions imputations

(Standard NAEP  (Full population

Subject Years Grade results) results)
Accommodations not allowed in NAEP
Reading 1994-1998 4 0.40 0.14
Mathematics 1996-2000 4 0.12 -0.21
8 0.56 -0.20
Accommodations allowed in NAEP

Reading 1998-2002 4 0.51 0.21
8 0.55 0.33
1998-2003 4 0.50 0.17
8 0.50 0.18
2002-2003 4 0.27 -0.06
8 0.21 -0.20
Mathematics 2000-2003 4 0.00 -0.22
8 0.31 0.10
Average 0.36 0.06

SOURCE: The National Assessment of Educational Progress (NAEP) 1994 to 2003 Reading and
Mathematics Assessments. The National Assessment of Educational Progress (NAEP) 1994 to
2003 Reading and Mathematics Assessments: Full population estimates.

When the same correlations are computed for full population estimates of state means
based on profile matching imputations of excluded students’ achievement, these positive
correlations are dramatically and systematically reduced, by .2 or greater in each case.
The average correlation across 11 assessment intervals is .06.

Although the correlations are somewhat weaker in the post-2000 era, they remain
positive. The message they send is that by ignoring the portion of the student population

10
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excluded from participation, NAEP favors states which increase exclusions over states
which decrease exclusions in its trend reports. The only remedy for this failing is the use
of full population estimates for reporting state achievement trends.

Impact of exclusions on the statistical significance of achievement gains

Because the public is not familiar with the NAEP achievement scale, reporting gains as
numbers of scale score points is not meaningful. Likewise, reporting gains in terms of
percentages meeting standards is suspect because of the subjective nature of the
standards. The accepted modality for expressing gains is in terms of “statistical
significance,” the likelihood of finding such a gain by chance. In the Nation’s Report
Card, NAEP accompanies state achievement gains with asterisks to indicate statistical
significance at the .05 level.

If the effects of ignoring the excluded student population had no effect on which states
could boast a statistically significant gain on NAEP, the harm from the incomplete
representation of the student population would be small. Unfortunately, as shown in table
4, differences in statistical significance have frequently been due to that artifact. Of 604
state trends over the 11 trend intervals shown in table 4, 61, or one out of every ten,
would have been reversed if the trends had represented the full population.

In summary, between 1994 and 2003,

1. NAEP exclusion rates fluctuated substantially, varying between states and within
states over time;

2. reported NAEP achievement gains, which ignore the exclusion problem, tend to
be greater in states where exclusions increase; and

3. more than 10 percent of the statistical significance decisions concerning
achievement gains would likely have been overturned if changing exclusion rates
had not been ignored.

In order to achieve its mission of reporting on the progress of achievement in public
schools in the states of the nation, NAEP must represent all fourth and eighth grade
students in public schools. Reporting achievement trends whose validity can be
challenged on the basis of fluctuating exclusion rates can only harm the credibility of this
national resource.

11



Properties of NAEP Full Population Estimates

Table 4. Frequency of discrepancies in statistical significance of NAEP state
achievement gains associated with exclusion bias

Standard NAEP results: Gain No No Loss

Subject Years Grade Full population results: No  Gain Loss No

Accommodations not allowed in NAEP

Reading 1994-1998 4 3 0 0 0
Mathematics 1996-2000 4 6 1 1 0
8 12 1 2 0

Accommodations allowed in NAEP

Reading 1998-2002 4 0 5 0 1
8 3 1 0 3

1998-2003 4 0 7 0 1

8 4 0 1 4

2002-2003 4 0 0 0 0

8 0 0 1 1

Mathematics 2000-2003 4 0 0 0 0
8 1 2 0 0

Total 29 17 5 10

SOURCE: The National Assessment of Educational Progress (NAEP) 1994 to 2003 Reading and
Mathematics Assessments. The National Assessment of Educational Progress (NAEP) 1994 to
2003 Reading and Mathematics Assessments: Full population estimates.
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Research on Full Population Estimates

Overview

AIR has undertaken research to add to the body of knowledge for use of the profile
method for including the proportion of the student population excluded from actual
NAEP testing in estimates of full population trends. That research addresses five topics:

1. External validation

State assessment scores are compared for sets of NAEP included and excluded
SD/ELLs. The question is whether the state assessment score differences between
included and excluded SD/ELLs are similar to the NAEP included and excluded
plausible values, where the plausible values of the excluded students are based on
profile matching imputation.

2. Effectiveness of the SD/ELL questionnaire items

Correlation coefficients. mean included-excluded differences, and contributions to
estimation of included-excluded achievement differences are examined for all
predictors included in the imputation models for assessments between 1994 and
2003.

3. Use of accommodated scores in profile matching

Full population estimates whose parameters are based on only accommodated,
only non-accommodated, or all included SD/ELLs are compared. The question is
the extent to which the different databases yield different mean estimates.

4. Effects of exclusion rates on demographic subgroup achievement

Average estimates for Hispanic, Black, and White SD and ELLs are compared,
both based on full population estimates and based on the included subpopulations.

5. National full population estimates

A strategy for generating national full population estimates for the NAEP 2000
mathematics assessment is described and its feasibility is evaluated. The question
is whether the achievement of excluded students in the national sample who are
not in states participating in State NAEP can be adequately estimated.

It should be noted that these questions, which are central to the interpretation of NAEP
achievement gap and trend results, could not even be addressed without the availability of
estimates of achievement of the excluded student population on the NAEP scale. As of
July 2005, there is no viable alternative to the profile matching method for producing
these estimates, although the Educational Testing Service has indicated that the method
could be adapted in a somewhat modified form and integrated with the NAEP scoring
procedures for included students.
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External validation
The inferences made from the profile matching method are based on the assumption that

the achievement of excluded students with disabilities (SDs) and English language
learners (ELLS) bear relations to reported characteristics of the students that are
similar to the relations observed for included SD/ELLs.?

Although inferences about total population averages are fairly insensitive to small
deviations from this assumption because only a small percentage of the population (less
than 10 percent) is typically excluded from NAEP, large deviations from the assumption
would undermine the credibility of the claim that the averages represent the full
population.

For example, if excluded SD/ELLs were actually achieving at the same level as non-SD
and non-ELL students, which is substantially higher than the achievement level of
included SD/ELLSs, then the averages currently reported by NAEP for included students
would be more nearly accurate than the figures derived from these analyses. Or if the
achievement of excluded students was actually much further below the achievement of
included SD/ELLSs than indicated by the SD/ELL questionnaire responses, then the
figures derived from these analyses, while more nearly accurate than those based solely
on included students, would underestimate the effects of differences in rates of exclusion
(between states, between population groups, and over time).

The profile matching method has been shown to be effective in reproducing full
population figures in simulated NAEP data (Wise et al., 2004). However, those
simulations involved assumptions about the achievement of excluded students. While
these appear to be reasonable assumptions, a need remains to verify the assumption that
the mathematics and reading achievement of excluded students is in the range indicated
by the profile matching method. The only direct way to assess the possibility that
excluded students’ achievement is qualitatively different from the achievement of
included SD/ELLs with the same profiles of characteristics would be to administer the
NAEP assessment to the excluded students, but for the same reasons that they were
originally excluded, that will be difficult. An alternative validation would be to
administer an alternative reading assessment, scorable on the NAEP scale, to students
excluded from the main NAEP assessment. Ideally, this alternative assessment would be
administered under the same conditions in different states and at different time points. In
the absence of that ideal, one could use standardized reading assessments currently given
by the states. These assessments vary in different degrees from NAEP, and they are
administered with a variety of accommodations for disabilities and limitations, so any
validation based on them can only be suggestive.

Notwithstanding these limitations, the data collected in past efforts to link State NAEP
and state assessments provide some indications of the validity of the imputations
constructed in the present study. These included data (1) from four states participating in

Itis conceivable, although unlikely, that the average NAEP performance of excluded students, if they had
been assessed, would have been higher than the performance of included SD/ELL s, even though the
guestionnaire data suggest otherwise.
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the 1998 NAEP grade 4 reading linkage study and (2) from four other states participating
in the 2003 NAEP grades 4 and 8 reading and mathematics assessments, which are
available for samples of students who were excluded from State NAEP but included in
state assessments.

The 1998 linkage study. An empirical study was undertaken in 1998 to address
questions about the feasibility of linking NAEP and state assessments. Although the
study was not undertaken with the objective of comparing NAEP included and excluded
SD/ELLs, analyses were later carried out using the matched subset of students. A
substantial fraction of the excluded students had state assessment scores, which served as
the basis for this small external validation. Comparison of the state assessment scores
with the distribution of NAEP plausible values for included and excluded SD/ELLs
provides evidence on the validity of the proposed imputations, as shown in table 5.

State assessment scores are measured on different scales. Therefore, for the comparison,
the differences between included and excluded SD/ELLs and non-SD/ELLSs are expressed
in standard deviation units, where the standard deviations were computed for non-
SD/ELL students. These z-scores are shown in bold for the four states in table 5.

The data in table 5 indicate that in each of the four states the mean state assessment
scores for students excluded from NAEP were lower than the corresponding scores of
included students. On average, NAEP achievement for included SD/ELLs was about 1.0
standard deviation lower than non-SD/ELLSs, and excluded SD/ELLs were .1 to .8
standard deviations below the included SD/ELLs in the same states. By comparison, state
assessment scores for the NAEP-included SD/ELLs were about .9 standard deviations
lower than for non-SD/ELLs, and for the NAEP-excluded SD/ELLSs from .2 to .6
standard deviations below the included SD/ELLSs.

Many reasons can be cited for differences in the patterns of NAEP and state assessment
scores, but the similarity of the achievement imputations based on the profile matching
method to the state assessment scores of excluded students indicates that the assumption
on which the profile matching method is based is not far off. These results corroborate
the overall relation between NAEP student characteristic data and performance of
included SD/ELLs. However, at the individual level the correspondence of differences on
state assessments and estimated NAEP performance is not strong. The average
correlation between the state assessment scores and NAEP plausible values for included
SD/ELLs was .55, but the corresponding figure for the excluded student imputations was
only .35. The difference in average correlations is due primarily to the fact that the
imputations for excluded students, which are based on less information than the
imputations for included students, have a larger random measurement error.

The 2003 linkage study. A more extensive external validation study was undertaken
using matched state assessment scores for NAEP students in four different states. This
study examined results for two grades and two subjects. State assessment scores were
acquired for students selected for participation in NAEP assessments in four states in
2003. The matched students included an average of 90 (per state per assessment, ranging
from 13 to 212) students who were excluded by NAEP but had state assessment scores.
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Table 5. Correspondence in four states of imputed NAEP plausible values for excluded
and included students with state assessment scores: grade 4 reading, 1998

Excluded Z, VS. Included Z, VS.
Test Statistic Students Non-SD/ELL SD/ELL Non-SD/ELL | Non-SD/ELL
State A
n 57 159 2037
Correlation 48 .63 .66
Mean 164 -2.1 185 -1.3 225
NAEP
Stand Dev 29 34 30
Mean 577 -11 587 -0.9 625
State
Stand Dev 35 39 44
State B
n 54 68 2315
Correlation .45 .68 72
Mean 198 -1.2 212 -0.8 234
NAEP
Stand Dev 28 32 29
Mean 11.3 -15 14.8 -0.9 19.9
State
Stand Dev 5.6 6.8 5.8
State E
n 26 71 2108
Correlation 27 .66 .75
Mean 179 -11 182 -1.0 214
NAEP
Stand Dev 29 36 32
Mean 28.1 -1.2 34.3 -0.9 53.6
State
Stand Dev 16.9 18.2 21.6
State H
n 67 42 2209
Correlation .20 .25 54
Mean 183 -1.1 186 -1.0 218
NAEP
Stand Dev 25 27 31
Mean 285 -1.0 289 -0.8 304
State
Stand Dev 22 18 20

SOURCE: The National Assessment of Educational Progress (NAEP) 1998 Reading
Assessment: Full population estimates. The National Longitudinal School-level State
Assessment Database (NLSLSASD) 2004.

The results for the 2003 linkage are shown in tables 6, 7, 8, and 9 for the four states
participating in the study. Each table shows results similar to those in table 5, but for two
grades and two subjects. We do not expect the z-scores to be identical for NAEP and state
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assessments, due to various factors such as differences in accommodations provided.
These differences are reflected in the results for the included SD/ELL students. What we
look for is the same pattern of differences for excluded and included SD/ELL students.
That is what we found, in each of the states.

Averaging over four assessments in four states (16 replications), achievement of excluded
students was estimated for NAEP to be 1.60 standard deviations below the mean of non-
SD/ELL students, compared to actual state assessment deficits of 1.52 standard
deviations. This difference is small and actually slightly smaller than the difference for
included SD/ELL students, where the comparable deficits are 1.14 standard deviations on
NAEP, compared to 0.96 standard deviations on state assessments.

We note that there were 1,366 excluded students without state assessment scores in this
database. Many of these resulted from imperfect record matching, but some resulted from
administration of alternative tests by the state. Overall, the profile matching method
generated imputations for these students about 0.3 standard deviations lower than the
imputations for excluded students with state assessment scores.

Additional descriptive statistics are included in the tables. As expected, the correlations
between NAEP imputations and state assessment scores are much lower for the excluded
students than for other students — there is substantial random measurement error in these
imputations.

Second, the between-student variance is smaller for excluded students than for included
SD/ELL students. There is definitely some regression to the mean (of the included
SD/ELL students), due to the small value of R? for the profile matching method. The
standard deviations shown in parentheses in the tables indicate that this is compensated
by additional within-student measurement error included in the imputations for excluded
students.

While one can offer explanations for the specific patterns in these numbers, the overall
result is that for 1,103 excluded students with state assessment scores, the state
assessment scores corroborate the excluded student imputations based on the profile
matching method. The achievement of excluded students is generally not dramatically
and qualitatively different from the achievement of included SD/ELLs with the same
profile.
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Table 6. Correspondence of imputed NAEP plausible values for excluded and included

students with state assessment scores, State #1, 2003

Excluded Z,Vs. Included Z,Vs.
Test Statistic Students Non-SD/ELL SD/ELL Non-SD/ELL | Non-SD/ELL
Grade 4 Mathematics
n 60 396 2695
Correlation .26 .69 .68
NAEP Mean . 202 -1.8 216 -1.2 244
Stand Dev 18 (28) 26 (27) 24
State Mean 365 -1.2 379 -0.9 406
Stand Dev 39 34 31
Note: Mean NAEP imputations for 68 excluded students without state score is 200.
Grade 4 Reading
n 108 451 2599
Correlation .26 .64 .59
Mean - -
NAEP 173 2.0 190 14 228
Stand Dev 22 (37) 34 (37) 28
Mean 376 -2.0 392 -1.0 410
State
Stand Dev 25 21 18
Note: Mean NAEP imputations for 112 excluded students without state score is 171.
Grade 8 Mathematics
n 13 265 1811
Correlation .30 .69 .75
Mean - -
NAEP 233 2.0 244 15 89
Stand Dev 23 (36) 31 (34) 30
Mean 318 -15 329 -1.3 385
State
Stand Dev 50 46 44
Note: Mean NAEP imputations for 48 excluded students without state score is 227.
Grade 8 Reading
n 41 263 1813
Correlation .33 .58 .60
Mean - -
NAEP 216 2.0 224 1.7 272
Stand Dev 25 (37) 31 (34) 27
Mean 365 -2.0 376 -14 399
State
Stand Dev 25 19 17

Note: Mean NAEP imputations for 75 excluded students without state score is 211.

NOTE: Standard deviations are between students. Total NAEP standard deviations for SD/ELLSs,
combining between- and within-student components, are shown in parentheses. The standard
deviations shown in parentheses in the tables indicate that smaller between-student standard
deviations among excluded students are compensated by additional within-student measurement
error included in the imputations for excluded students.

SOURCE: The National Assessment of Educational Progress (NAEP) 2003 Reading and

Mathematics Assessment: Full population estimates. The National Longitudinal School-level State

Assessment Database (NLSLSASD) 2004.
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Table 7. Correspondence of imputed NAEP plausible values for excluded and included

students with state assessment scores, State #2, 2003

Excluded Z,Vs. Included Z,Vs.
Test Statistic Students Non-SD/ELL SD/ELL Non-SD/ELL | Non-SD/ELL
Grade 4 Mathematics
n 50 395 3818
Correlation 46 .86 .83
Mean - -
NAEP 220 11 237 0.4 246
Stand Dev 21 (30) 25 (26) 24
Mean 251.1 -1.3 258.0 -0.3 260.4
State
Stand Dev 7.0 7.6 7.0
Note: Mean NAEP imputations for 166 excluded students without state score is 207.
Grade 4 Reading
n 165 621 2635
Correlation .29 .75 .75
Mean - -
NAEP 187 13 195 1.0 226
Stand Dev 25 (38) 33 (35) 30
Mean 243.7 -1.3 246.8 -0.9 254.3
State
Stand Dev 7.1 9.2 8.1
Note: Mean NAEP imputations for 211 excluded students without state score is 175.
Grade 8 Mathematics
n 15 188 1616
Correlation 0.71 0.79 0.82
Mean - -
NAEP 251 11 261 0.8 287
Stand Dev 34 (42) 39 (40) 33
Mean 259.7 -1.3 267.5 -0.6 273.7
State
Stand Dev 7.3 10.6 10.2
Note: Mean NAEP imputations for 161 excluded students without state score is 231.
Grade 8 Reading
n 97 219 1634
Correlation 0.20 0.75 0.69
Mean - -
NAEP 230 13 238 1.0 267
Stand Dev 22 (35) 33 (35) 29
Mean 253.2 -1.6 258.6 -0.9 265.7
State
Stand Dev 10.0 9.9 8.0

Note: Mean NAEP imputations for 192 excluded students without state score is 217.

NOTE: Standard deviations are between students. Total NAEP standard deviations for SD/ELLSs,
combining between- and within-student components, are shown in parentheses. The standard
deviations shown in parentheses in the tables indicate that smaller between-student standard
deviations among excluded students are compensated by additional within-student measurement
error included in the imputations for excluded students.

SOURCE: The National Assessment of Educational Progress (NAEP) 2003 Reading and

Mathematics Assessment: Full population estimates. The National Longitudinal School-level State

Assessment Database (NLSLSASD) 2004.
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Table 8. Correspondence of imputed NAEP plausible values for excluded and included

students with state assessment scores, State #3, 2003

Excluded Z,Vs. Included Z,Vs.
Test Statistic Students Non-SD/ELL SD/ELL Non-SD/ELL | Non-SD/ELL
Grade 4 Mathematics
n 108 807 3350
Correlation 0.26 0.71 0.78
Mean - -
NAEP 206 14 217 1.0 242
Stand Dev 21 (30) 26 (27) 25
Mean 219 -1.1 226 -0.6 236
State
Stand Dev 14 13 16
Note: Mean NAEP imputations for 64 excluded students without state score is 199.
Grade 4 Reading
n 212 823 3370
Correlation .36 .61 .68
Mean - -
NAEP 176 1.8 196 11 229
Stand Dev 26 (38) 29 (32) 29
Mean 221 -1.3 228 -0.8 240
State
Stand Dev 11 12 14
Note: Mean NAEP imputations for 68 excluded students without state score is 180.
Grade 8 Mathematics
n 131 631 2978
Correlation 0.20 0.68 0.82
Mean - -
NAEP 236 1.6 244 14 288
Stand Dev 21 (37) 32 (34) 32
Mean 217 -1.0 220 -0.9 235
State
Stand Dev 11 13 17
Note: Mean NAEP imputations for 55 excluded students without state score is 219.
Grade 8 Reading
n 103 528 2940
Correlation 0.37 0.66 0.68
Mean - -
NAEP 218 2.0 232 15 275
Stand Dev 31 (41) 31 (34) 29
Mean 223 -1.8 228 -14 244
State
Stand Dev 12 12 12

Note: Mean NAEP imputations for 146 excluded students without state score is 213.

NOTE: Standard deviations are between students. Total NAEP standard deviations for SD/ELLSs,
combining between- and within-student components, are shown in parentheses. The standard
deviations shown in parentheses in the tables indicate that smaller between-student standard
deviations among excluded students are compensated by additional within-student measurement
error included in the imputations for excluded students.

SOURCE: The National Assessment of Educational Progress (NAEP) 2003 Reading and
Mathematics Assessment: Full population estimates. The National Longitudinal School-level State
Assessment Database (NLSLSASD) 2004.
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Table 9. Correspondence of imputed NAEP plausible values for excluded and included

students with state assessment scores, State #4, 2003

Excluded Z,Vs. Included Z,Vs.
Test Statistic Students Non-SD/ELL SD/ELL Non-SD/ELL | Non-SD/ELL
Grade 4 Mathematics
n 37 477 4023
Correlation 0.10 0.70 0.75
Mean - -
NAEP 195 1.2 208 0.8 229
Stand Dev 20 (30) 31 (32) 28
Mean 289 -1.4 307 -0.8 329
State
Stand Dev 26 30 29
Note: Mean NAEP imputations for 55 excluded students without state score is 194.
Grade 4 Reading
n 100 486 4130
Correlation .16 .61 .68
Mean - -
NAEP 159 1.6 184 0.9 213
Stand Dev 25 (38) 40 (43) 34
Mean 294 -3.2 315 -1.7 339
State
Stand Dev 11 12 14
Note: Mean NAEP imputations for 91 excluded students without state score is 160.
Grade 8 Mathematics
n 28 304 3091
Correlation -0.36 0.59 0.75
Mean - -
NAEP 214 14 226 11 264
Stand Dev 23 (34) 36 (38) 35
Mean 290 -0.9 294 -0.8 316
State
Stand Dev 29 22 29
Note: Mean NAEP imputations for 64 excluded students without state score is 216.
Grade 8 Reading
n 63 285 3141
Correlation 0.18 0.53 0.67
Mean - -
NAEP 195 2.0 212 15 256
Stand Dev 25 (38) 34 (37) 30
Mean 282 -15 299 -1.0 334
State
Stand Dev 43 35 35

Note: Mean NAEP imputations for 89 excluded students without state score is 199.

NOTE: Standard deviations are between students. Total NAEP standard deviations for SD/ELLSs,
combining between- and within-student components, are shown in parentheses. The standard
deviations shown in parentheses in the tables indicate that smaller between-student standard
deviations among excluded students are compensated by additional within-student measurement
error included in the imputations for excluded students.

SOURCE: The National Assessment of Educational Progress (NAEP) 2003 Reading and

Mathematics Assessment: Full population estimates. The National Longitudinal School-level State

Assessment Database (NLSLSASD) 2004.
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Effectiveness of the SD/ELL questionnaire items

The content of the SD/ELL questionnaire has been changed for nearly every NAEP
assessment, and as a result, the composite that best fits the pooled within-state variation
in NAEP achievement includes a different profile of items in each application of the
profile matching method for full population estimation. Statistics for the variables
included in the profiles for the assessments between 1994 and 2003 are presented in 12
tables in Appendix D.

Three types of statistics are included in the tables:

1. univariate correlations between the recoded predictors and the mean composite
plausible value for included SD or ELL students;*

2. mean recoded predictor differences between excluded and included SD or ELL
students; and

3. effective decrement associated with the regression coefficient for the predictors.

The first two sets of statistics pertain to a predictor variable’s relationship to
achievement, independent of any other variables, and the third set of statistics takes into
account multivariate dependencies among the predictor variables.

A great deal of information on the predictor-achievement relations is presented in
Appendix D. The focus of this section is on the identification of the items which most
consistently contribute to the average differences in estimates for included and excluded
SD/ELLs.

For both SDs and ELLs, for both assessments with and without accommodations, for
both reading and mathematics assessments in grades 4 and 8, the teacher’s rating of the
grade level of instruction for the student has proven to be the most consistently strong
predictor.

Nearly as consistent is the contribution of the item asking whether the student would
require accommodations to participate meaningfully in NAEP.

For SDs (and for ELLS who have disabilities), the specification of the type of disability
IS a strong predictor, along with the rating of the severity of the disability. Weighting
severity depending on the type of disability could enhance this.

For ELLs, the ratings of the student’s proficiency in understanding, speaking, reading
and writing in English are strong predictors.

Finally, although the specific accommodation type contributing to the profile varies from
assessment to assessment, the specification of a student’s accommodation on state tests
is frequently a significant predictor.

Use of accommodated scores in profile matching

Between 1998 and 2005, NAEP has scored, summarized, and reported accommodated
and non-accommodated scores on the same scale. This is appropriate if an accommodated
score of a certain value indicates the same achievement in the target skill area (e.g.,

* Therecoding of predictors is described later in this report.
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mathematics or reading) as a non-accommodated score of the same value. Ideally, this
would be true if the effect of accommodations is purely to remove impediments to
performance—Dbarriers to showing what the student knows and can do. However, there is
virtually no research on NAEP to support this assumption.

Common sense would suggest that this assumption cannot be exactly true for
accommodations such as extended time, because there are surely many students without
recognized disabilities, for whom that accommodation is not allowed, who would receive
higher scores if they had extended time. In the absence of definitive data to test the
assumption that accommodations only operate to remove barriers for students with
recognized disabilities or English language proficiency limitations, it can be argued that
scoring accommodated administrations as if they were not accommodated is better than
the available alternatives (e.g., deleting accommodated scores from summaries).
Substantial amounts of research remain to be carried out before the issues of the validity
of accommodated test scores can be resolved.

For generating plausible values for the excluded students, we could limit the database of
included students with disabilities and English language learners used for generating
parameters for the profile matching method to either (a) students who are accommodated
or (b) students who are not accommodated.® The question arises as to what the impact of
these different choices would be.

To address this issue, we compared the results of applying the profile matching method
using (1) all included SD/ELLs, (2) only accommodated SD/ELLs, and (3) only non-
accommodated SD/ELLs for parameter estimation. The rationale for alternative (1) is that
it parallels the current NAEP reporting strategy of combining accommodated and non-
accommodated scores without reference to the accommodations provided and makes use
of the entire database of included SD/ELL performance. The rationale for alternative (2)
is the assumption that excluded students would have been provided with accommodations
if they had been included, and therefore, their scores would be similar to those of
accommodated students with similar profiles. The rationale for alternative (3), on the
other hand, is that non-accommodated scores are the only scores whose validity is
assured. In applying alternative (3), accommodated scores are first set to missing (these
students were “excluded” from non-accommodated testing) and then imputed, along with
excluded students, using the profile matching method.

If, in fact, there are no systematic differences in full population estimates based on these
three alternative applications, then the resolution of the accommodation validity issues is
not as urgent for the purpose of generating NAEP full population estimates as it would
otherwise be.

The results of the comparison for the ten State NAEP assessments in which
accommodations have been made available are displayed in table 12. First, comparison of
the results depending on whether non-accommodated included students’ performance
was used along with accommodated students’ performance (alternative (1) vs. alternative

In the past full-population estimates produced by AlR have been based on parameters generated from the
combined accommodated and hon-accommodated included sample of students with disabilities and English
language learners.
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(2)) yielded differences uniformly less than 1.0 point on the NAEP scale. There was no
systematic pattern suggesting one or the other scenario would produce higher full
population estimates.

Second, comparison of results treating accommodated scores either as part of the
database for use in developing imputations or as part of the database to be imputed
(alternative (1) vs. alternative(3)) yielded small differences, although slightly larger than
the comparison of (1) vs. (2). The differences were all less than 1.25 scale score points in
magnitude. Although the variations across assessments might be related to the differences
in average plausible value between included accommodated and non-accommodated
SD/ELLs, the differences are too small to test hypotheses.

The differences between the results based on the different imputations for excluded
students are generally smaller than the differences between full population estimates and
estimates based only on included students. Full population estimates were generally 1 to
3 points lower than included student estimates—somewhat smaller in 2002 and 2003 (2
points for reading and 1 point for mathematics) than in 1998 and 2000 (3 points for
reading and 2 points for mathematics).

Table 10. Average NAEP state means, based on the included population and based on
full population estimates under alternative models

Full population estimates
Accommodated
and excluded
Excluded scores Excluded scores scores imputed
imputed based on imputed based on based on non-

all included accommodated accommodated
Grade Year Included only SD/ELLs SD/ELLs SD/ELLs
Reading
2003 216.9 215.0 214.2 213.9
4 2002 216.5 214.6 213.8 2134
1998 212.8 209.1 209.1 209.0
2003 261.0 258.9 258.7 258.5
8 2002 261.0 258.6 258.5 258.4
1998 260.2 257.9 257.6 257.6
Mathematics
4 2003 233.2 232.3 232.1 232.1
2000 220.8 218.6 219.3 219.5
8 2003 274.8 273.6 273.3 273.1
2000 269.1 266.7 267.0 267.3

SOURCE: The National Assessment of Educational Progress (NAEP) 1998 to 2003 Reading and
Mathematics Assessments. The National Assessment of Educational Progress (NAEP) 1998 to
2003 Reading and Mathematics Assessments: Full population estimates.
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Effects of exclusion rates on demographic subgroup achievement

Exclusions can also affect achievement gaps and achievement gap trends. If more of one
subgroup of students is excluded than another, then ignoring excluded students will lead
to relative overestimates of the achievement of the group with more exclusions. Because
NAEP exclusion rates are affected by changes in state testing policies that are not under
NAEP’s control, effects on achievement trends are unpredictable unless full population
estimates are used.

To illustrate this, we examine Hispanic-White and Black-White comparisons of reading
trends from 1998 to 2003 and mathematics trends from 2000 to 2003 in tables 11, 12, 13,
and 14. The left-hand side of table 11 displays the aggregate percentages of Hispanic and
White students who were classified as English language learners (ELLSs) and either
included or excluded in 1998 and 2003. Although negligible percentages of non-Hispanic
Whites were classified as ELLSs, in 1998 41 percent of Hispanic students in grade 4 were
ELLs and 26 percent in grade 8 were ELLs. These percentages increased slightly from
1998 to 2003. However, there was a drop in the percentage of Hispanic ELLs who were
excluded; at grade 4, this drop in exclusions, from one half (21 percent excluded out of
41 percent classified as ELL) to one quarter (10 percent excluded out of 42 percent
classified as ELL), was dramatic.®’

Table 11. Hispanic-White comparisons of reading achievement of included and excluded
English language learners in 1998 and 2003

ELL achievement deficit in standard

Percent of race/ethnic subgroup deviations below non-SD/ELL students
in the same subgroup
1998 2003 1998 2003
Hispanic White Hispanic White |Hispanic White Hispanic White
Grade 4
Included ELLs 20.0 0.3 322 1.0 -0.84 -1.09 -0.84 -0.90
Excluded ELLs 21.0 0.4 10.1 0.3 -1.42 -2.27 -1.21 -1.53
Grade 8
Included ELLs 18.3 0.3 21.4 0.8 -1.02 -1.77 -1.24 -1.15
Excluded ELLs 7.5 0.3 6.6 0.3 -1.45 -2.03 -1.77 -1.34

SOURCE: The National Assessment of Educational Progress (NAEP) 1998 and 2003 Reading
Assessment. The National Assessment of Educational Progress (NAEP) 1998 and 2003 Reading
Assessment: Full population estimates.

® Students with disabilities who were not also English language learners are not counted in the statisticsin
tables 11 and 12. However, English language learners who a so had disabilities are included.

" Although the grade 4 drop in exclusions occurred in other states, it was most dramatic in California, where
58 percent of Hispanics are English language learners. In California, where Proposition 227 changed
testing practices aswell as educational practices for English language learners, the exclusion drop was from
52 percent of the Hispanic ELL s in 1998 to 13 percent in 2003.
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The right-hand side of table 11 displays the average achievement deficit of Hispanic
ELLs compared to Hispanic non-SD/ELLs. The deficit is measured in terms of the
standard deviation of Hispanic non-SD/ELL plausible values. For example, in 1998
Hispanic ELLs in grade 4 who were included in NAEP participation achieved at a level
0.84 standard deviations lower than Hispanics who were not SD/ELL.? Plausible values
for excluded Hispanic ELLs, based on the profile matching method, averaged 1.42
standard deviations lower than the non-SD/ELL average.

Based on these figures, one can estimate the effect of ignoring the ELL exclusions on the
Hispanic reading achievement trend. In 2003, a smaller percentage of the Hispanic
students were excluded from NAEP than in 1998, which would tend to depress the
reported gains. The average gain for non-SD/ELL Hispanics during this period was
substantial: 10 points on the NAEP scale. When the included ELLSs, but not the excluded
students, are added in, the result is only 7 points, but if the excluded ELLs are also added,
the result is a 13-point gain. Thus, ignoring ELL exclusions underestimates the average
gainin I;|ispanic grade 4 reading achievement between 1998 and 2003 by almost 50
percent.

Analogous comparisons for Hispanic mathematics achievement in 2000 and 2003 are
shown in table 12. Although slightly smaller percentages of Hispanics were excluded
from the mathematics assessments than from the reading assessments, the results are
qualitatively similar to those for reading, with one major exception: there was no
dramatic decline in Hispanic ELL exclusions between the 2000 and 2003 assessments.
By 2000, 85 percent of the grade 4 Hispanic ELLs were included in NAEP testing, and
this only modestly increased in 2003 (to 87 percent).

Table 12. Hispanic-White comparisons of mathematics achievement of included and
excluded English language learners in 2000 and 2003

ELL achievement deficit in standard

Percent of race/ethnic subgroup deviations below non SD/ELL students
in the same subgroup
2000 2003 2000 2003
Hispanic White Hispanic White |Hispanic White Hispanic White
Grade 4
Included ELLs 335 0.4 36.9 11 -0.80 -0.79 -0.77 -0.90
Excluded ELLs 5.8 0.3 54 0.3 -1.45 -1.33 -1.21 -1.52
Grade 8
Included ELLs 22.1 0.5 23.5 0.8 -1.10 -1.52 -1.09 -1.12
Excluded ELLs 4.2 04 4.6 0.3 -1.39 -1.26 -1.37 -1.28

SOURCE: The National Assessment of Educational Progress (NAEP) 2000 and 2003
Mathematics Assessment. The National Assessment of Educational Progress (NAEP) 2000 and
2003 Mathematics Assessment: Full population estimates.

8 The standard deviation in this case was 37 points on the NAEP scale.

° In California, the impact of ignoring the ELL exclusions on the Hispanic trend is a19-point gain,
highlighting the effects of California s policy change; the standard NAEP estimate isa 9 point gain.
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One point of interest in comparing the results in tables 11 and 12 is that while the
percentages of Hispanic students identified as ELL in 2003 was the same for reading and
mathematics assessments, which were administered in the same schools, the rate of
exclusion was substantially higher for the reading test. Apparently, in the opinions of
local school staff making exclusion decisions, Hispanic students classified as ELLs were
more able to participate meaningfully in the mathematics assessment than in the (English)
reading assessment.

We turn now to the Black-White achievement gap trend. Reading trend results are shown
in table 13, and mathematics trend results are shown in table 14. First, from the left-hand
part of table 13 we see that the trends in identification and exclusion of Blacks and
Whites on the basis of a disability are similar: there was an increase in the percentages of
each group who were identified as having a disability between 1998 and 2003, but there
was a decrease in the percentages of those so identified who were excluded from NAEP.
The reduction in exclusions is undoubtedly a result of the more widespread allowance of
accommodations in NAEP testing in 2003. Finally, in both years, a larger percentage of
Black students than of White students were identified as having a disability, and a larger
percentage of those identified were excluded, but those differences, being present both at
the beginning and the end of the trend interval, would not substantially affect trends in
gap reduction.

From the right-hand side of table 13 we see that the reading achievement deficits of
White SDs tend to be greater, compared to non-SD/ELLs, than the deficits of Black
students. This is true for both included SDs and for the imputations for excluded SDs, in
both years. (The average of the eight deficits for Whites is 1.60 standard deviations,
compared to 1.33 standard deviations for Blacks.) It is probably related to the fact that
White SDs are a smaller subset of White students, than Black SDs are of Black students.
If students with disabilities are generally among the lowest achievers in a group, then a
smaller group will have more extreme scores.

Table 13. Black-White comparisons of reading achievement of included and excluded
students with disabilities in 1998 and 2003

SD achievement deficit in standard
deviations below non SD/ELL students
in the same subgroup

Percent of race/ethnic subgroup

1998 2003 1998 2003
Black White Black White Black White Black White
Grade 4
Included SDs 5.6 7.1 94 9.2 -0.93 -1.19 -1.10 -1.19
Excluded SDs 6.5 45 5.8 4.2 -1.26 -2.04 -1.42 -1.73
Grade 8
Included SDs 8.0 7.4 20.5 9.5 -1.22 -1.41 -1.31 -1.40
Excluded SDs 5.7 3.2 59 3.6 -1.74 -2.17 -1.55 -1.70

SOURCE: The National Assessment of Educational Progress (NAEP) 1998 and 2003 Reading
Assessment. The National Assessment of Educational Progress (NAEP) 1998 and 2003 Reading
Assessment: Full population estimates.
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Another difference that is evident in this table is that the achievement difference between
included and excluded White SDs is smaller than the difference between included and
excluded Black SDs. (The averages of the four differences are 0.61 standard deviations
for White SDs and 0.35 standard deviations for Black SDs.) This could either be because
the excluded White SD population is smaller than the excluded Black SD population, or
it might indicate that information on which exclusions are based is more reliable for
White SDs than for Black SDs.

Unlike the findings for the Hispanic ELL exclusion effects, the Black-White SD
differences between the 1998-2003 reading trends and the 2000-2003 mathematics trends
were not dramatic, as shown in table 14. As with reading, there was an increase in the
percentages of each group who were identified as having a disability during the trend
interval and a decrease in the percentages of those so identified who were excluded from
NAEP. Finally, in both years, a larger percentage of Black students than of White
students were identified as having a disability, and a larger percentage of those identified
were excluded, but those differences, being present both at the beginning and the end of
the trend interval, would not affect trends.

Table 14. Black-White comparisons of mathematics achievement of included and
excluded students with disabilities in 2000 and 2003

SD achievement deficit in standard
deviations below non SD/ELL students
in the same subgroup

Percent of race/ethnic subgroup

2000 2003 2000 2003
Black White Black White Black White Black White
Grade 4
Included SDs 8.6 9.4 11.8 11.1 -0.70 -1.01 -0.89 -0.99
Excluded SDs 4.8 2.6 3.9 2.5 -1.32 -1.66 -1.12 -1.60
Grade 8
Included SDs 8.6 8.8 11.8 10.5 -1.47 -1.37 -1.24 -1.30
Excluded SDs 5.7 3.0 4.6 2.6 -1.74 -1.94 -1.37 -1.69

SOURCE: The National Assessment of Educational Progress (NAEP) 2000 and 2003
Mathematics Assessment. The National Assessment of Educational Progress (NAEP) 2000 and
2003 Mathematics Assessment: Full population estimates.

From the right-hand side of table 14 we see that, as with reading, the mathematics
achievement deficits of White SDs tend to be greater, compared to non-SD/ELLSs, than
the deficits of Black SDs, and the average differences between included and excluded
Whites are larger than the average differences for Blacks. This is true for both grades and
years. (The average of the eight deficits for Whites is 1.44 standard deviations, compared
to 1.23 standard deviations for Blacks; the average of the four differences for Whites is
0.55 standard deviations, compared to 0.31 standard deviations for Blacks.)

In summary, for the period from 1998 to 2003 there was a very substantial average
reduction in exclusions of Hispanic English language learners, which significantly
impacts reported achievement trends of Hispanics if exclusions are ignored. On the other
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hand, the average changes in exclusion rates for SDs had little effect on aggregate Black-
White achievement trend comparisons.

As noted in the discussion of table 2, the effects on trends in individual states may differ
significantly from the overall average rate. Between 1998 and 2003, for example, the
grade 4 reading exclusion rates for Black students with disabilities changed by more than
30 percent in 11 states; and between 2000 and 2003, the grade 4 mathematics exclusion
rates changed by more than 30 percent in ten states. Of course, these were mostly states
with relatively small numbers of Black students, but Alabama, California, Georgia, and
Wisconsin (states with significant Black populations) were included in this count. Even
though the counts were too small in most states to support reporting average NAEP scale
scores for Black students with disabilities, researchers might need those scores for
aggregate comparisons with different state special education policies, and they need to
use the full population estimates to make inferences that are not distorted by differential
exclusions.

National full population estimates

Since 2003, the NAEP national estimates have been based on an aggregation of the
results from the state samples. Therefore, since 2003, it is straightforward to produce
national full population estimates by aggregating the full population estimates for the
states. However, before 2002, national estimates were based on a separate, much smaller
representative national sample.’® This creates a problem for generation of national full
population achievement trend estimates involving years before 2003.

The profile matching method for imputing NAEP achievement of excluded students is
not feasible without the existence of State NAEP. The method requires a substantial
database of scores of included students with disabilities and English language learners for
reliable estimation of the predictors of achievement, and the typical pre-2002 national
sample is not sufficiently large to support application directly to compute national full
population estimates. Moreover, states have different policies with respect to identifying
and measuring disabilities and English proficiency, different policies for testing, and
different policies for providing test accommodations. The state-by-state application of the
profile matching method ensures that the foundation for the imputation of excluded
SD/ELLs in each state is the average achievement of included SD/ELLSs in the same state.

Almost from the inception of State NAEP, there have been State NAEPSs corresponding
to nearly every grade 4 and 8 mathematics and reading assessment. In this section, we
describe a method that can be used to generate national full population estimates for those
cases.

What is needed is a set of imputed plausible values for the excluded students in the
national samples. These can be obtained for students in states that participated in State
NAEP in the same year by inserting the excluded students in the national sample into the
State NAEP sample, thus using the imputation model derived from the included scores in
the State NAEP sample. The parameters for profile matching, which are based on

191n 2002, national estimates were based on the aggregation of state samples, with small supplementary
samples in the few states that did not participate in State NAEP in 2002.
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included SD/ELLSs in the State NAEP samples, would not be affected by this insertion, so
the imputation of the achievement of the inserted excluded national-sample students
would not affect any state-level results.

The only problem with this solution is how to impute values for national-sample
excluded students in states that did not participate in the corresponding State NAEP.
Although such students are rare, because states with an overwhelming majority of the
nation’s students have participated in State NAEP from its inception in 1990, a method is
needed for their achievement imputation.

The primary, direct solution to this problem involves the use of information from
included SD/ELLs in the same state in the national sample as each excluded national-
sample student. The imputed plausible values for excluded student i in state S, based on
the profile matching method, are of the form

~

YiS = Y{included SD/ELLS}S + /3 pooled —within state (X is X{included SD/ELLs}S ) + Ei !

where the regression coefficients, S, are based on the aggregate of all the State NAEP
samples. For most states, the included statistics for the estimates would be based on the
means for the included SD/ELLSs in the state NAEP sample. For excluded students in
states not participating in State NAEP, they could be based on the included SD/ELLs in
the same state in the national sample. Although there may be a very small number of
these in some states, the corresponding numbers of excluded students in the national
sample in these states should also be very small, and as a result they should not have a
substantial impact on the national estimates.

Of course, a problem remains for excluded students in states not participating in State
NAEP and having no corresponding included SD/ELLs in the national sample. These
cases are exceedingly rare. When they occur, the procedure would be the same as in the
application of the current method for states with excluded but no included SD/ELLs. An
estimated mean for hypothetical included SD/ELLs in the state would be set equal to the
mean of non-SD/ELL students in the state, minus the average (across all states)
difference between non-SD/ELLSs and included SD/ELLs. See Step (4) under “plausible
value generation” in the description of the profile matching method later in the report.

As a test of the feasibility of this approach, the 2000 NAEP mathematics assessment was
examined. At grade 4, nine states failed to participate in State NAEP, and in the national
NAEP, there were excluded SD/ELLSs in five of these states. Each of the five states had
more included SDs than excluded SDs, and three of the five had included ELLs. In one
state with no included ELLSs, there was one excluded ELL, and in a second state with no
included ELLs, there were two excluded ELLs, a total of three excluded students in the
national sample (of more than 10,000 students) for which the estimate for hypothetical
included ELLs in the state would be required. At grade 8, there were eight states that did
not participate in State NAEP and had excluded SD/ELLs in the “national” NAEP. In
every case, there were more included than excluded SD or ELL cases in the national
sample. Across both grades, only three states not participating in State NAEP had more
than five excluded SDs or ELLs in the national sample: Florida, New Jersey, and
Pennsylvania.
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Detailed description of the profile matching method for producing NAEP
full population estimates.
Overview

The profile matching method is an algorithm for filling in plausible achievement scores
for students selected for but excluded from NAEP participation. It makes use of
information in the standard student-level NAEP data file for assessments that are
sufficiently large to support state-level reporting, referred to in earlier years as State
NAEP. For students with disabilities and English language learners this file includes
teacher responses to a special questionnaire about the severity of disability, mastery of
English, grade level of instruction, and local testing policies for the student
(accommodations). It consists of five major steps:

1. Data preparation

2. Model parameter estimation
3. Plausible value generation
4. Standard error estimation

5. Trend report generation

In its present form, in 2005, the first step is operationalized as a SAS program that
extracts data from the standard NAEP ASCI| files for the reading and mathematics
assessments between 1994 and 2003 and defines common variables for all years. The
second, third, and fourth steps are operationalized in a second SAS program, and the last
step is operationalized in a third SAS program, which produces a Microsoft Excel
spreadsheet of state-level trend results, mean gains, standard errors, and statistical
significance indicators.

Data preparation

The first step extracts as many of the following variables as are available in the particular
NAEP assessment file:

1. information that identifies which records are for SD/ELLSs and which are excluded
students

| EP (1 for students with disabilities, 2 for other students)
LEP (1 for English language learners, 2 for other students)
2. plausible achievement scale values, for the included students
RRPCML—-RRPCMb for reading assessments, and
VRPCML—-MRPCVG for mathematics assessments

3 information useful for constructing plausible values for excluded students
(demographic information and responses to the SD/ELL questionnaire)

SLUNCH, a three-category indicator of student eligibility for free- and reduced-
price lunch used as a poverty indicator

DSEX (1 for males, 2 for females)
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SDRACE, a five-category student race indicator (this variable has varying names
in NAEP files for different years)

TI TLE1 (1 for Title 1 designated students, 2 for other students)

ACCOWR (1 for students receiving a NAEP accommodation, 2 for most other
students)

ACCOMTY, an indicator of the type of NAEP accommodation given
PCTBLK, PCTHSP, PCTI ND, ORSHPT, school-level demographic indicators

Xnnnnnn, responses to several dozen items on the SD/ELL questionnaire, which
vary from year to year, as shown in table 15, discussed on the next page

4. case weights, including jackknife replication weights

ORI GAT, SRWT01 — SRW62
5. sample indicators to ensure that the correct cases are analyzed
6. the FI PS code for the state or other jurisdiction

This set of variables serves as the database for imputing the plausible values for
achievement of excluded students and estimating state-level statistics and their standard
errors in a particular State NAEP assessment in one year.

Some of the variables are simplified in the initial data preparation step.

1. Excluded ELLs and excluded SDs are imputed in separate steps, and English
language learners who also have disabilities are imputed along with other ELLSs,
not other SDs. The reason for this step is to avoid the need to resolve separate
imputations for a single student. Nevertheless, information about disability status
is retained for use in imputations of ELLs. For this purpose we created an
indicator variable IEPLEP which takes the value 1 for all ELLs and 2 for SDs
who are not ELLs. ™

2. DM Nis defined as 0 for Whites (SDRACE=1) and set to 1 for all others, including
missing data.

3. All values of Tl TLEX other than 1 are coded as 0.

4. All values of SLUNCH other than 2 or 3 are coded as 1.

5. SCORS is created with value 1 for all included cases, and O for all excluded cases.
6. RRPCM or MRPCM is the average of the five plausible values.

7. State FI PS codes are reconciled across years.

For the 1994 assessment, it was necessary to copy the available school-level demographic
variables, PCTBLK, PCTHSP, and ORSHPT, to the excluded cases from the values for
included students in the same school.

™ The reason for the choice to group EL Lswith disabilities with other ELLs rather than with other students
with disabilities is that the number of ELLs in the database is both smaller and more uneven between states
than the number of SDs.
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Finally, cases not in the primary state probability samples were removed from the file.
These categories varied between years. They might be non-probability cases, private
schools, schools in states not participating in State NAEP, or students in the non-
accommodated sample (R2) (for imputation in the accommodated sample (R3)) and vice
versa, in the years with divided samples.*?

Table 15 displays the SD/ELL questionnaire items for the assessments between 1994 and
2003. The items are divided into five categories: (1) general questions, (2) questions
specifically relevant for ELLs, (3) questions specifically relevant for SDs, (4) items
concerning the student’s functional grade level, and (5) questions about accommaodations.
The first column, the item number, was extracted from the variable name on the NAEP
file. These item numbers were changed when the item was modified. For example, grade
level of reading instruction was item X006801 for SDs and X008601 for ELLs in 1996,
X010401 for SDs and X011601 for ELLs in 1998, X012401 for SDs and X014301
for ELLs in 2000, and X015101 for ELLs and X015701 for ELLs in 2002 and 2003. It
was also asked in two alternative formats in 2002 as X015301 and X015801. Finally,
the years in which each item was included in the questionnaire are shown in the right-
hand side column of table 2.

Table 15 reveals that the SD/ELL questionnaire was repeatedly changed between 1994,
when it was first administered for included SD/ELLSs, and 2003. Although some of the
changes were merely small changes in the wording of the item associated with the
variable in the NAEP data file, other changes involved adding or dropping topics.

A primary objective of this report is to identify the items in this list that are most closely
associated with achievement of SD/ELLs in NAEP in order to ensure optimal estimation
of NAEP achievement of excluded SD/ELLSs in the future. An example of the kind of
change that affects the accuracy of imputation is the elimination of the item asking for
ratings of English reading and writing proficiency (item 90, variables X009003 and
X009004) after 1998. In 1998, the correlations of these variables with NAEP
achievement of ELLs were .43 and .40, respectively.*®

12 See the NAEP Technical Manuals for descriptions of the various sampling plans.

13 These correlations are based on (a) “R3,” the sample allowing accommodations; (b) the recoded item
scores, described in the Model Estimation section; and (c) within-state covariation with achievement.
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Table 15.Variables derived from responses to the NAEP SD/ELL questionnaires

NAEP item number in most

recent assessment in which it was SD or
included ELL Years item
(other years in parentheses) Item description focus included
42 SDorELL? Both 94
43,44 Functional reading grade level Both 94
45(1-11) Percent time mainstreamed Both 94
57(1-5) Who completed questionnaire Both 96,98,02,03
58 Student has disability? (Yes/No) Both 96,98
59 Student has limited English? (Yes/No) Both 96,98
Type of English, reading, and content
53(1-3) instruction ELL 94
53(4) Years in special language program ELL 94
Percent students in school same
50 language ELL 94
Last year in non-English-speaking
51 country ELL 94
75 How long in US? ELL 96,98
77 How regular is attendance? ELL 96,98
81 Language of special instruction ELL 96,98
Special LEP instruction in reading,
85(1-2) (+(3) in 96) math (+science) ELL 96,98
90(1) (55(2) in 94) Proficiency in understanding English ELL 96,98
90(2) (55(1) in 94) Proficiency in speaking English ELL 94-98
90(3) (55(3) in 94) Proficiency in reading English ELL 94-98
90(4) (55(4) in 94) Proficiency in writing English ELL 94-98
91(1-2) Relative English reading, writing skills | ELL 96
113, 114 (82,83 in 96) Best language for reading, writing ELL 96,98
115 (84(1-2) in 96, 52(1-11) in 94) Percent instruction in native language ELL 94-98
138 (76 in 96,98, 49 in 94) First language ELL 94-98, 02-03
140 Years of math instruction in English ELL 00,03
141 Years of science instruction in English ELL 00,03
142 % of current instruction in native lang. ELL 02,03
156 (139 in 00, 110, 111, 112 in 98, Years of (reading) instruction in
78,79, 80 in 96) English ELL 96-03
Cognitive function allows
62 participation? SD 98
100 (60 in 96) Student has an IEP? SD 96,98
101 (65 in 96) Percent time mainstreamed SD 96,98
102 (66 in 96, 47 (1-11) in 94) Percent time in special education SD 94-98
103(1-9) (67(1-8) in 96, 48(1-7) in 94) Type of special education SD 94-98
121 (99(1-10) in 98, 63(1-11) in 96,
56(1-11) in 94) Student’s (primary) disability SD 94-03
122 (64 in 96,98, 5 in 94) Severity of disability SD 94-03
123 (61 in 96,98) IEP involvement in test policy SD 96-03

NOTE: NAEP variable names for these items are “X0,” plus the two- or three-digit item number,
plus either “01” or the two-digit range shown in parentheses.

SOURCE: The National Assessment of Educational Progress (NAEP) 1994 to 2003 Student
Background Questionnaires.
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Table 15.Variables derived from responses to the NAEP SD/ELL questionnaire

(continued)

NAEP item number in most recent

assessment in which it was SD or
included ELL Years item
(other years in parentheses) Item description focus included
SD: 151 (+153, 158 in 02)
(124 in 00, 104 in 98, 68(1) in 96)
ELL:157 (143 in 00, 116 in 98, 86(1)
in 96) Reading instructional grade level Both 96-03
SD: 70(1); ELL: 88(1), 89(1) Reading performance grade level Both 96
152 (SD:69(1) on 96; ELL: 87(1) Reading curriculum same as non-
in 96) disabled? Both 96,02,03
SD: 126 (105 in 98, 68(2) in 96)
ELL: 144 (117 in 98, 86(2) in 96) Math instructional grade level Both 96,98,00,03
Math performance grade level (for
ELL, separate rating in English and
SD: 70(2); ELL: 88(2), 89(2) native language) Both 96
160 (127 in 00, SD: 69(2) in 96;
ELL: 87(2) in 96) Math curriculum same as non-disabled | Both 96,00,03
SD: 128 (68(3) in 96)
ELL: 145 (86(3) in 96) Science instructional grade level Both 96,00
SD: 70(3); ELL: 88(3), 89(3) Science performance grade level Both 96
129 (SD: 69(3) in 96; ELL: 87(3) in | Science curriculum same as non-
96) disabled Both 96,00
SD: 130 (71 in 96,98)
ELL:146 (118 (ELL) in 98,92 (ELL) | Accommodations used for this student
in 96) in state testing? (Yes/No) Both 96-03
131(1-9) (106(1-9) in 98, 72(1-9) in | Presentation accommodations (for this
96) student in state testing) SD 96-03
132(1-11) (107(1-11) in 98, 96(1-11) | Response accommodations (in state
in 96 testing) SD 96-03
133(1-3) (108(1-3) in 98,97(1-3) in | Setting accommodations (in state
96) testing) SD 96-03
134(1-4) (109(1-4) in 98, 98(1-4) in | Timing accommodations (in state
96) testing) SD 96-03
147(1-9) (119(1-8) in 98, 93(1-8) in | Presentation accommodations (for this
96)) student in state testing) ELL 96-03
SD: 155 (135in 00; 73, 74 in 98) Need accommodation for NAEP
ELL: 159 (148 in 00; 120,95 in98) | reading? Both 98-03
SD: 136 (73, 74 in 96)
ELL: 149 (94, 95 in 96) Need accommodation for NAEP math? | Both 96,00,03
Need accommodation for NAEP
SD: 137; ELL: 150 science? Both 00

NOTE: NAEP variable names for these items are “X0,” plus the two- or three-digit item number,
plus either “01” or the two-digit range shown in parentheses.

SOURCE: The National Assessment of Educational Progress (NAEP) 1994 to 2003 Student

Background Questionnaires.
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Model parameter estimation

Imputations for excluded ELLs and excluded SDs were produced in two independent
steps. Separate model parameters were estimated for these two groups. The following
discussion, which refers to students with disabilities, also applies to English language
learners.

The overall strategy is to use linear regression to estimate a predicted score for each
excluded student with a disability and to add random variation with appropriate variance
to create five plausible values for each excluded student. The parameters for that linear
regression are estimated from the database of included SDs. Data for students without
disabilities were not used in this construction.

Model parameter estimation consisted of 11 steps:
1. Recode all missing values of predictors.

Many NAEP variables had already been coded with 8 as item omitted, etc. To
eliminate SAS special processing for missing data, all remaining missing data for
discrete variables were replaced by a valid number: -999. Missing data for
continuous variables, such as school measures PCTBLK and PCTHSP, were
replaced with their aggregate averages for SDs.

2. Create dependent variables for a pooled within-state dataset for analysis.

In order to eliminate between-state effects from the imputation and focus on
within-state variation, the plausible value mean was set to zero in each state.

3. Recode the discrete predictors to maximize individual predictive value.

In the initial versions of the method, subjective judgments were made as to how to
interpret non-informative responses to the SD/ELL questionnaire items, such as
don’t know, multiple response, or omitted. For example, an omitted response for
severity of a disability might mean that the disability was not severe at all. In the
current version, these subjective judgments have been replaced by the following
objective algorithm.

The mean achievement score, on the file created in step (2), is computed for each
value (including -999) of each predictor in the database. Then, each value of a
discrete predictor is replaced by the mean achievement score of included SDs
associated with that predictor value. If any single predictor variable were used for
the imputation, this would be the recoding which would maximize the predictive
value of that variable.

For example, suppose that the basic coding of a grade 4 SD/ELL itemis 1, 2, 3, 4,
7 (for “I don’t know™), 8 (for omissions), and -999 (for missing). Suppose the
mean composite reading scale scores for these values, among included SDs, are
180, 190, 192, 217, 204, 168, and 204, respectively. After the setting of state
means to zero (in step (2) above), these might be transformed to -20, -10, -5, +10,
+1, -25, +1. This recoding, which would be used in the imputation, provides the
optimal single-predictor use of the item to account for variation in achievement of
included SDs.
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4. Combine predictor values when needed to eliminate values with insufficient data
support.

There was nearly complete overlap of predictor values between included and
excluded SDs. However, the implementation of the imputation method requires
complete overlap. To achieve this, and to avoid spurious imputations due to
unreliable regression estimates, all predictor values (e.g., SD/ELL questionnaire
item responses) with a frequency of fewer than 10 included SDs were marked to
be averaged with adjacent values of the same predictor in step (3).

In the example above, if there were only 6 respondents with a basic coding of 1
and 14 respondents with a basic coding of 2, the resulting coding for 1 would be
-13 [(6/20)(-20) + (14/20) (-10) = -13].

5. Adjust the recoded predictors for a pooled within-state dataset.

In order to estimate within-state relations between predictors and achievement,
the means for both predictors and achievement must be set to zero in each state.
The achievement means were set to zero in (3).

6. Carry out stepwise regression to find best model for average plausible value.

The SAS procedure REG, with the option STEPWISE, adds one predictor at a
time, only adding predictors whose estimated coefficients are, as a result,
statistically significantly different from zero. Addition of a predictor in a multiple
regression can render a previously added predictor non-significant, and these
predictors are subsequently deleted from the model. The criterion used for
significance in both cases was p<.05. The regression was weighted, using

ORI GAWT.

7. Eliminate predictors with large standard errors due to collinearity.

The regression analysis in (6) only retains predictors in the model which are
statistically significant (p<.05). However, in a few cases collinearity leads to very
large coefficients with very large standard errors, which appear to be statistically
significant. Due to the scaling of the predictors in (4), such large values are easily
identified. If any standard error is greater than 10, the predictor associated with
the largest standard error is removed from consideration, and step (6) is repeated.

8. Carry out regression with final set of predictors, for average plausible value, and
keep the result.

This is a simple multiple linear regression, using the predictor set determined in
(7). The estimates from this step form the linear combination of predictors used in
excluded student plausible value imputation.

9. Carry out five separate regressions, using the five plausible value sets, and define
PVERR as the average over SDs of the standard deviation of the five resulting
predictions for the student.

The five regression analyses yield five separate predictions for the achievement of
each included SD, and applying the estimated models to the predictor set, they
also provide five separate predictions for the achievement of each excluded SD.
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10.

11.

Define RVSE equal to the standard deviation of the regression residuals for one
plausible value set (plausible value #1).

This component of error is due to the imperfection of the regression. It is
inversely related to R?.

Set | NCSERR equal to the standard error of the mean of the included SDs in each
state.

| NCSERR is computed by the standard NAEP standard error estimation
procedure, including both measurement and sampling error. In rare states with
fewer than two included SDs, the average | NCSERR across all states is
substituted. Fortunately, in those states, there are extremely few excluded SDs
whose achievement is to be imputed.

At the end of this stage, we have the parameter estimates needed to apply the profile
matching method. These parameters are (1) the regression coefficients and (2) the error
size estimates.

Plausible value generation

In order to facilitate integration of the information on excluded students into the NAEP
data analysis framework, AIR set the objective of creating a file of five plausible
achievement scale values for each excluded student, which, when merged with the
remainder of NAEP data, could be analyzed with no change of procedures. To achieve
this objective required four steps:

1.

Estimation of the mean of the plausible value distribution associated with each
excluded student

The regression function from (8) above was applied to the predictor set for each
excluded student, without the intercept term. The intercept term is set separately
in each state, in step (4) below, so that the imputations would exactly match the
observed distribution of achievement for included SDs. Thus, in any state, the
mean imputation for excluded students would differ from the mean achievement
of included SDs in that state exactly to the extent that the two sets of students
differed on the profile of predictors, weighted by the parameters of the pooled
within-state regression analysis.

. Estimation of the standard deviation of the plausible value distribution associated

with each excluded student

There are three components of random variation in the plausible value
imputations for excluded students. First, there is the imperfect regression, whose
standard deviation is RMSE, from (10) above. Second, there is variation in the
regressions caused by the variations in the plausible value distributions of the
included SDs, whose standard deviation is PVERR, from (9) above. Third, there is
the standard error of the included SD mean, which was used in lieu of the
intercept in applying the regression.

The effect of the third component differs from the first two. In estimating the
overall mean for the excluded students, the errors from the first two sources can
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become small if the number of excluded students in a state is large. The size of
the third component of error, on the other hand, depends on the number of
included SDs in the state. Thus, in a state with only two or three included SDs (or
ELLs, for the ELL imputation), the mean excluded score has a high error
component. Fortunately, in those states, there were also very few excluded SDs
(or ELLS).

3. Selection of five random normal deviates with the estimated mean and standard
deviation for each excluded student

The SAS RANNOR function was used five times to add random variation to the
point achievement estimate for each excluded student to produce five plausible
values. This was accomplished in two steps. The first step identified a random
increment to be added to all excluded SDs scores in a state, with standard
deviation | NCSERR. The same increment is added for each excluded SD in a
state. The second step is to add a new random increment, with variance equal to
the sum of squares of RMSE and PVERR. This random increment is generated
anew for each excluded SD.

4. Adjustment of the plausible values by a constant in each state so that the mean
imputation for included SDs (using the same procedure) would be the same as the
observed mean for those students

As noted in (1) above, the difference in estimated mean achievement between
included and excluded SDs in any state is then a reflection of the predictor profile
differences between these two groups. Because the profiles of excluded students
tend to be more similar to low-achieving included SDs than to high-achieving
included SDs, the achievement estimates for excluded students tend to be lower
than the average achievement of included SDs.

In the rare cases of states with excluded but no included SDs, a synthetic estimate
of the included SD mean is constructed by subtracting the aggregate average
achievement difference between SDs and non-SD/ELLSs, across states, from the
mean of non-SD/ELLSs in the particular state.

Standard error estimation

Since 1996, standard NAEP plausible value files have included (appropriately weighted)
records for excluded students. It is a simple step to merge the imputed plausible values
for the excluded students onto this file; subsequently, any computational procedures that
would be run on the included student data can also be run on the full population data with
no revision. Thus, standard errors of statistics can be estimated through combining
variance among estimates based on the five plausible value sets with variance among the
62 estimates based on the jackknife weights. The method is described in NAEP Technical
Manuals.

Trend report generation

Trends from one assessment to the next which are based on the composite plausible
values can be computed when full population estimates are available for the two separate
years. The SAS implementation of this method produces MS Excel files with the trend
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information, including means and percentages meeting achievement standards, standard
errors, levels of significance, and changes in exclusion rates.

Limitations

The imputation of plausible values for composite measures serves the major goals of
NAEP. However, there are five limitations to the accuracy and completeness of the full
population estimates.

Imperfect regressions. Because the available predictors of achievement only account
for a portion of the within-state variance in the achievement of included students with
disabilities and English language learners, there is a tendency for “regression to the
mean” in the average imputed achievement of excluded students. That is, the estimated
mean of excluded SDs in any state is somewhat closer to the mean of the included SDs in
that state than would likely have been the case if more powerful predictors were
available. Similarly, the estimated mean of excluded ELLs in any state is somewhat
closer to the mean of the included ELLs in that state than if the prediction were stronger.

The strength of the prediction is indicated by the adjusted R?. The values of the adjusted
R? for 17 different NAEP assessment datasets are shown in table 16. The prediction is
strong for students with disabilities, averaging about .40 for assessments when
accommodations were not allowed and .35 for assessments when accommodations were
allowed.* The prediction is somewhat weaker for ELLs, with R? values in the range from
.22 10 .30.

These values are limited by the presence of substantial random error in the plausible
values of included SD/ELLs. That error can be estimated by correlating two of the
plausible values for each included SD/ELL. The typical squared correlation between two
sets of plausible values for included SD/ELLs is in the range of .60 to .70.

It is important to realize that even with imperfect prediction, the full population estimates
capture a large majority of the effects of disabilities on achievement: the regression to the
mean is to the mean of SDs or ELLs, which is typically about one standard deviation
below the mean for non-SD/ELLSs. Ignoring the excluded students is equivalent to
regression to the mean of all students.

No subscales. The profile matching method has only been applied to the imputation of
composite achievement measures, not to subscale achievement measures. Virtually all of
the major NAEP findings are in terms of the composite measures. For example, the
NAEP achievement levels are only operationalized for the composite scale, not for
subscales. Therefore, this is a minor limitation. Only studies exploring the relations
between disabilities or English proficiency and differential subscale achievement would
be precluded by this limitation; it is unclear whether NAEP is a sufficient basis for
addressing such questions in any case.

Whether an included SD or EL L was provided with an accommodation was not used in the profile
matching imputations because that item was not available for excluded students. Including an indicator of
accommodations would increase the value of R? by approximately .01.
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Table 16 Percentages of achievement variance accounted for (adjusted R?) by the profile
of predictors in the included SD or ELL population

Students with disabilities English language learners
Grade 4 Grade 8 Grade 4 Grade 8
Accommodations not allowed in NAEP
Reading 1994 32 .28
Mathematics 1996 43 42 .33 .23
Reading 1998 40 .34 .39 .33
Mathematics 2000 42 42 37 .36
Accommodations allowed in NAEP
Reading 1998 .34 .35 .33 .28
Mathematics 2000 .29 .38 .26 31
Reading 2002 31 .32 22 .23
Reading 2003 .38 .32 27 .29
Mathematics 2003 .38 40 .25 .25
Reading 1998 .34 .35 .33 .28

SOURCE: The National Assessment of Educational Progress (NAEP) 1994 to 2003 Reading and
Mathematics Assessments. The National Assessment of Educational Progress (NAEP) 1994 to
2003 Reading and Mathematics Assessments: Full population estimates.

No item responses. ltem responses are not generated by this application of the profile
matching method. The method has not been applied to impute responses to individual
assessment questions, so no studies focusing on particular NAEP items are supported by
the method.

No accommodation information. NAEP scaling of achievement disregards the potential
effects of accommodations on the target skill measurement, and this limitation is carried
through in the profile matching method. Relations between predictors and achievement of
included SDs and ELLs are measured without regard to whether students received
accommodations. Whether the excluded students would have received accommodations
had they been included is not considered."® One of the research topics discussed earlier
addresses the question of how the full population estimates might differ under different
assumptions about accommodations of excluded students.

No SD/ELL achievement relations before 1994. Application of this method to create
full population estimates for the 1990 and 1992 State NAEP assessments is problematic,
because the SD/ELL questionnaire was not filled out for included SD/ELLSs in those
years. Therefore, there is no information in those two assessment years about the
relations between the questionnaire responses and achievement of SD/ELLs. To create
full population estimates for 1990 and 1992, it is necessary to adapt the method to
generalize the relations measured in later years back to 1990 and 1992.

> ACCOMR and ACCOMTY are not used as predictors because they are, by definition, missing for excluded
students.
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In fact, this was done for the 1992 NAEP mathematics assessment, using relations
derived from analysis of the 1996 data, in order to estimate full population trends
between 1992 and 1996. However, because the 1992 SD/ELL questionnaire did not
contain the same item set as the 1996 SD/ELL questionnaire, the estimation required
using a subset of the available predictors for the 1996 imputations. That is, it was
necessary to produce two separate sets of 1996 imputations, one for comparison with
1992 results, and another for comparison with later assessments. In the absence of a good
reason for extending the trend to 1992 and 1990, these years have not been included in
recent updates of the full population estimation process.
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Next Steps

Since 1998, exclusion of unpredictable percentages of students with disabilities and
English language learners from representation in NAEP achievement trends has resulted
in misleading reports wrongly identifying some states as showing significant gains, or not
showing gains. By chance or by design, or as an unintended outcome of state assessment
testing policy changes, exclusion rates have varied between states, between years in the
same state, and between demographic groups.

The only viable solution to this problem, if NAEP is to continue to report achievement
trends in the Nation’s Report Card, is to represent the full population of students in public
schools, including all students with disabilities and English language learners.

The work described in this report demonstrates beyond question that the profile matching
method addresses, and solves, this problem. Although the estimation of the achievement
of excluded students by comparing their ratings on teacher questionnaires with the ratings
of included students with disabilities and English language learners is not quite as
accurate as estimation based on actual responses to the NAEP test, validation studies
have shown that:

a. when the assumptions of the method are satisfied, the estimation of the average
achievement of excluded students is accurate,

b. when the assumptions are systematically violated in a simulation, the estimation is
only mildly affected, yielding results that are far more accurate than the current
NAEP procedure of ignoring the excluded student population, and

c. average scores of NAEP excluded students on state assessments are comparable,
in relation to the scores of other students, to average NAEP achievement scores
for these students imputed by the profile matching method.

Based on these results, the next steps are as follows:

1. Integrate the profile matching method into the standard operating
procedures for NAEP.

The application of profile matching to imputing plausible values for NAEP
excluded students has been automated (and can be carried out in a day) as part of
the development of the NAEP analysis file on which the Nation’s Report Card is
based. The SAS program for its implementation has been made available and can
be executed by the contractor responsible for producing the NAEP analysis file.
Imputations for excluded students have already been produced for all State NAEP
mathematics and reading assessments since 1994 to facilitate reporting of full
population trends.

2. Improve the predictor set for profile matching.

Exploratory research to identify inexpensive additional sources of information on
the achievement of excluded students will improve the accuracy of individual
plausible value imputations for these students. Such sources potentially include
state test scores, which our studies have shown can feasibly be linked to NAEP
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records, and sharper items on the SD/ELL questionnaire. For example, a rating by
the SD/ELL respondent of a student’s achievement category on the state’s test or
on NAEP should require a very small additional response burden and have a
substantial payoff in improving accuracy.™

3. Develop a scalable alternative form of NAEP that will eliminate the need to
exclude most students with learning disabilities and English language
learners.

It should not be difficult to create blocks of items for the NAEP assessment which
are better attuned to the abilities of students with disabilities and English language
learners. The availability of these item blocks will make it easier to include
students with learning disabilities, and it may reduce the need for nonscalable
accommodations. By mingling these special item blocks with other blocks of
items in test booklets for students without special needs, the items in the special
item blocks can be placed on the regular NAEP achievement scale, allowing
scaling of the achievement of students who would otherwise be excluded.

16 1t should be noted that a reference to the NAEP achievement levels on the questionnaire need not be more
than one or two sentences for each of the four levels. Further clarification of the achievement levelsisnot
needed for the purpose of providing information for use in profile matching.
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Appendix A

Statement by the National Institute of Statistical Sciences on the
profile method for constructing full population estimates
(NISS, 2000, page 7)**

[The profile matching] approach has several advantages, especially in that the method of
obtaining this estimator is similar to the standard NAEP estimation process, using
regression modeling and plausible values. In addition, this approach would provide a
vehicle for a unified treatment of all missing student data, which could enable the
inclusion of data for absent students not classified as SD or ELL, as well as excluded
SD/ELLSs. Currently, NAEP uses weighting-class adjustments to account for student
absenteeism. Absentees and other excluded students could be treated similarly using [the
profile matching] approach. As a consequence, this would enable NAEP to produce a
data set with score values for all students who had been selected for a NAEP sample. In
particular, the production of a full data set allows for the estimation of subgroup means
and achievement-level statistics without further assumptions.

The drawbacks of this method are several. Its assumptions are complex, and less clear
than those of the [median approach].

[The assumption of the estimation method is simple: that the achievement of
excluded students would be distributed according to the same distribution as the
achievement of included SD/ELLs with matching profiles on the SD/ELL
questionnaire and demographics.]

In addition, implementing the estimation of the [profile matching approach] requires
more data than does the [median] approach, because it depends heavily on the production
of plausible values from a multiplicity of predictors currently obtained from the SD/ELL
questionnaire.

[This is a relative advantage, not a drawback, of the profile matching approach:
it makes use of relevant data that are available on the excluded SD/ELL
population. That these data are relevant is indicated by the correlations of .5 to .6
of the profile indexes with plausible values of included SD/ELLS.]

However, were this method to be implemented in the future, more data could be obtained
to make the method less reliant on fragile assumptions.

The regressions used in the modeling of the [profile matching] method, as reported in
Appendix B [of the NISS report], did not yield strong multiple correlations, but with
some additional data those no doubt would be improved. However, the regressions would
vary from year to year. Additionally, the significant differences between the included and

! Comments on this statement by AIR, prepared for the 2005 report, are inserted in italics.

2 Intheir report, NISS referred to the profile matching method as either “McLaughlin’ s approach” or
“PTPM” (predicted total population mean) and the median method as either “Beaton’ s approach” or
“ETPM” (estimated total population median).
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excluded groups of means (see Appendix B [of the NISS report]) suggest that the
application of the model to excluded students may involve some extrapolation.

[In fact, there is virtually complete overlap of the distributions of responses to the
SD/ELL questionnaire between included and excluded students. Of course, the
relative frequencies vary. Extrapolation does not occur for more than a handful of
students nationwide (out of on the order of 10,000 excluded students per
assessment). ]

Lastly, the use of the [profile matching] method does involve some modification of the
present method for the estimation of means, and hence would probably lead to an
increase in the time required to produce reports, relative to current methods or to the
[median] method.

[In 2003, McLaughlin demonstrated that the required plausible values for
excluded students can be generated within two days of his receipt of the restricted
file of results, including plausible values for included students, from ETS. Use of
the profile matching method incurs no delay in NAEP processing.]
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Appendix B

Exclusions and Accommodations Affect State NAEP Gain Statistics:
Mathematics, 1996 to 2000

Don McLaughlin
November, 2001

[Edited July, 2005]

State NAEP reports mean gains for all states that participated in two successive
administrations of the same assessment. Those means are based on comparisons of
weighted averages of performance of the two samples of students who participated in the
two assessments. Standard NAEP reporting has not adjusted gains for changes in
percentages of students with disabilities (SD) and English language learners (ELLS) who
are excluded from participation. As a result, artifactual gains have appeared in recent
NAEP reports.

The method that NAEP has initiated to address this issue is the inclusion of modified
administrations (called “accommodations”) for SD/ELLs who otherwise would be
excluded from participation. In 2000, there were two NAEP samples in each state, one in
which accommaodations were not permitted (called the “R2” sample) and one in which
accommodations were permitted (called the “R3” sample). At present, NAEP has
combined accommodated and non-accommodated scores in the R3 sample without regard
to the presence of the accommodation, and as a result, scores of groups of students being
accommodated may be artifactually raised.

This report addresses two NAEP validity questions:

1. What would the gains have been if excluded students had been tested, and to what
extent are the reported gains biased?

2. To what extent do accommodations raise the scores of SD and ELL participants?

Exclusions and Achievement

Initial analyses focused on the R2 sample in 2000, the sample in which accommodations
played no role, and compared performance in that sample to performance in 1996, in a
sample in which accommodations also played no role. The NAEP reports of gains for this
comparison are presented in Appendix C tables C1 and C2, for grades 4 and 8,
respectively.® A key aspect of these tables is the widespread decrease in percentages of
students participating in NAEP, from 1996 to 2000. For example, in Texas, grade 4
participation dropped by 5.1 percent from 1996 to 2000; that is, 5.1 percent more of
students selected for NAEP were excluded because they were SD/ELLs and judged
unable to participate meaningfully in NAEP.

All odd numbered tables in this report present grade 4 results. All even numbered tables present
corresponding grade 8 results.
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Because of this increase in exclusions, one cannot interpret reported NAEP gains as
representing gains in achievement because the two assessments, 1996 and 2000, represent
different subsets of the student population. To obtain estimates from which one can make
gain comparisons, one must estimate the achievement of the excluded students, to add
them into full-population estimates. The estimates need not be as accurate as the
estimates for students who participate in the NAEP testing sessions, because they
constitute a small percentage of the population, but they must not be so imprecise that
they raise the standard errors of the population estimates to levels that have an impact on
statistical significance testing.

Using a method described elsewhere (McLaughlin, 2000), I developed full-population
estimates for the 1996 sample and the 2000 R2 sample.* The estimation of full-population
achievement means is based on the assumption that excluded students would perform at
the same level as included SD/ELLs in the same state with the same demographic
characteristics and the same responses to a NAEP SD/ELL questionnaire, which is
completed for every SD/ELL sampled for participation in NAEP. Specifically, a linear
regression is carried out, predicting the scores (mean composite plausible values) of
included SD and ELL participants from information that is also known about excluded
students, and the estimated regression weights are used to estimate the performance of
excluded SD/ELLs.

The regression coefficients are shown in tables B1 and B2, for grades 4 and 8. The
regression coefficients for the “R2” sample are in the leftmost column of these tables.
Fourteen of the predictors are taken from the SD/ELL questionnaire: “Lrn Disab” and the
final thirteen. Labels for these variables are included in Appendix B. Those ending in “D”
are relevant for students with disabilities, and those labeled “L” are relevant for students
with limited English proficiency. The values of these variables are also included in
Appendix B, along with recodings used to replace missing data. In each case, a missing
response was recoded to indicate that the individual was either not disabled or not limited
in English proficiency.

As an example of the interpretation of the entries in table B1, the value —6.883 for
RdgGradeD indicates that a teacher’s judgment that the student was reading at one grade
lower level is associated with a decrement of approximately 7 points on the NAEP scale.
The decision to include a variable in the prediction equation was based on regression
output listings indicating a value of Student’s t for the corresponding regression
coefficient greater than 1.96.> All of the coefficients are in the expected direction, with
the exception of SciGradeL, whose sign is probably affected by collinearity with
RdgGradeL and MthGradeL.

4 McLaughlin, D.H. (2000). Protecting State NAEP Trends from Changes in SD/ELL Inclusion Rates. Paper
presented at the National Institute of Statistical Sciences workshop on NAEP inclusion strategies. Research
Triangle Park, NC.

® A more sophisticated test of statistical significance is not warranted, because the interpretation of the
regression coefficientsin tables 1 and 2 is not the aim of this study. Generaly, adding the omitted
variables would not increase the adjusted R? , but omitting an included variable would decrease R%.
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The R? for predicting the performance of (included) SD/ELLs in the R2 sample was .33.
This was compared with the R? for the R3 sample, both including and not including the
scores of students receiving nonstandard (accommodated) administrations of NAEP, first
using the same regression equation used for the prediction in the R2 sample, then using
the “best” regression equation.

Table B1. Imputation regression coefficients by sample, grade 4 mathematics, 2000

R3 R3:
Including Accommodated Non-accommodated Only
Predictors: Best Predictors: Best
R2 Same as R2 predictors Same as R2 predictors

n 3,939 6,639 6,639 3,515 3,515
R? 0.333 0.222 0.237 0.263 0.275
ELL, not SD 8.355 6.235 5.499 8.798 7.539
Minority -9.532 -9.623 -9.382 -9.558 -9.123
Female -3.187 -2.628 -2.776 -3.980 —-4.043
TITLE 1 -10.087 -3.781 -3.746 -5.292 -5.036
Lrn. Disab. -4.231 -1.153 -5.182 -4.686
SLUNCH -5.747 -1.768 -1.771 -1.573 -1.668
PCTBHI -0.052 -0.154 -0.159 -0.161 -0.179
PCTASN 0.257 0.084 0.118 0.013
Rdg Grade D -6.883 —4.259 -3.724 —6.563 -5.941
Mth Grade D -10.122 -11.383 -7.721 -10.111 —-7.499
Mth Curr D -11.264 —-8.665
Sci Grade D -2.530
Rdg Part D -5.176 -10.939
Sci Part D -8.529 2.219 6.981 -1.565 8.346
Rdg YrsEng -2.737 —-7.096
Mth YrsEng 4.947
Rdg Grade L -7.310 -6.677 -7.039 -8.173 -8.520
Mth Grade L -12.316 -0.622 1.532
Sci Grade L 10.800 -3.142 -3.127 -7.135 -5.199
Rdg Curr L -5.017 -4.829
Sci Curr L -8.122 -1.816 -3.150

In grade 4, the prediction was not as strong in R3 as in R2, especially when
accommodated scores were included. However, focusing only on the non-accommodated
SD/ELLs in the R3 sample improved the predictability of scores (0.275 vs. 0.237). In
grade 8, the prediction in the R3 sample was nearly as good as in the R2 sample, possibly
better when the accommodated scores were removed (0.341 vs. 0.324).
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The finding that the prediction is weaker when accommodated scores are included is to
be expected: accommodations are designed to compensate for the effects of disabilities
and limitations. The finding, at grade 8, that the prediction for non-accommodated
students in R2 and R3 is roughly equally reliable, can be taken as corroboration of the
prediction methodology. On the other hand, the finding at grade 4, that the prediction is
weaker for the non-accommodated SD/ELLSs in the R3 sample than for similar (non-
accommodated) students in the R2 sample (0.333 vs. 0.275), is more difficult to explain.
A larger percentage of the R3 sample was accommodated in grade 4 than in grade 8 (47
percent vs. 35 percent), and it may be that the omission of these cases had the effect of
reducing the strength of association.

Table B2. Imputation regression coefficients by sample, grade 8 mathematics, 2000

R3 R3:
Including Accommodated Non-accommodated Only
Predictors: Best Predictors: Best
R2 Same as R2 predictors Same as R2 predictors

n 3,358 5,391 5,391 3,527 3,527
R? 0.324 0.298 0.304 0.330 0.341
IEP 9.561 11.377 11.315 10.613 8.820
DMIN -9.739 -14.499 -14.913 -15.958 -16.442
DFEM -5.077 -4.114 -4.174 -4.035 -4.078
TITLEL -4.671 -9.092 -8.687 -9.159 -8.399
LRNDISAB -5.075
SLUNCH -5.931 -4.038 -3.923 -3.262 -3.029
PCTBHI -0.222 -0.147 -0.144 -0.204 -0.218
PCTASN 0.511 0.421 0.418 0.060
X012401 -2.616 -4.229 -4.828 —-6.323 —-6.087
X012501 -16.232 -2.239 -0.569
X012601 -12.822 -11.621 -9.536 -12.177 -11.192
X012701 -5.320
X012801
X012901 -8.812 —2.444 -5.960 —-7.013
X013501
X013701 -8.734 -5.632 -5.789 -8.012 —-7.176
X013901
X014001
X014201 2.960 -0.356 -0.431
X014301 -8.610 —-9.066 —-6.703 -8.775 —-5.755
X014401 -8.459 -5.312
X014501 -9.702 0.819 4777 1.791
X014801 —-6.651 -19.050
X015001 -5.690 -5.725 -8.583 9.393
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The purpose for estimating these regression equations is to impute plausible values for
the mathematics proficiency of excluded SD/ELLs. The regressions are based on pooled
within-state variation, and as a result, the intercept is identically zero in this regression.
To impute performance, the intercept is set, for each state, to equate the predicted and
actual performance of the included NAEP SD and ELL participants in that state. Thus,
the excluded SD/ELLSs in each state are predicted to perform better or worse than the
included SD and ELL participants in that state to the extent that these groups differ on the
variables used in the linear regression equation.

Using this method, | estimate that excluded SD/ELLs perform at a lower level than
included SD/ELLSs, on average by about 15 points. While this difference varies from-
state-to-state, the estimates are sufficiently precise that statistical significance tests for
full-population gains can be performed. The results of analyses are shown in tables B3,
B4, B5, B6, B7, and B8. Tables B3 and B4 display results for the R2 sample; tables B5
and B6 display results for the subset of non-accommodated students in R3
(accommodated students’ scores are set to “missing”); and tables B7 and B8 display
results from analyses ignoring information about accommodations (accommodated and
non-accommodated scores in the R3 sample are treated the same). Gains significant at the
.05 level are indicated by asterisks.

These six tables parallel the four appendix tables C1, C2, C3, and C4, which show figures
based on standard NAEP computations.® Six comparisons at each grade are of particular
interest:

1. Using R2, how do the standard NAEP results differ from full-population estimates
(tables B3 and B4 vs. tables C1 and C2);

2. Using R3, how do standard NAEP results differ from full-population estimates
using non-accommodated SD/ELLs (tables B5 and B6 vs. tables C3 and C4);

3. How similar are full-population estimates based on two independent samples of
non-accommodated SD/ELLs (tables B3 and B4 vs. tables B5 and B6);

4. How similar are the standard estimates based on two independent samples, one
including accommodations (tables C1 and C2 vs. tables C3 and C4);

5. Using R3, how does including accommodated scores affect full-population
estimates (tables B5 and B6 vs. tables B7 and B8); and

6. How do two different approaches compare (tables B3 and B4 vs. tables C3 and B4)?

Full-Population Estimates vs. Standard Estimates: R2

As can be seen from a comparison of the full-population estimates (tables B3 and B4)
with standard NAEP estimates (tables C1 and C2), the standard NAEP estimates for gains
from 1996 to 2000 are generally greater then the full-population gain estimates, because
some of the standard gains are due merely to the increases in percentage of the population
excluded.

It should be noted that NAEP has not published gains, as shown in tables B3 and B4, from anon-
accommodated administration (e.g., 1996) to an accommodated administration (e.g., 2000/R3).
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Based on R2, at grade 4, in 37 states participating in both years, the average full-
population gain was 2.3 points on the NAEP scale, but this was inflated to an apparent
3.2-point gain by the increase in the size of the excluded population from 7.4 percent to
8.9 percent. In six states, the report of whether a significant change occurred would be
changed: according to full-population estimates, as opposed to standard NAEP estimates,
California experienced a significant gain, whereas lowa, Missouri, New York, Rhode
Island, and Texas did not.

At grade 8, in 35 states participating in both years, the average full-population gain was
1.7 points on the NAEP scale, but this was inflated to an apparent 3.0 point gain by the
increase in the size of the excluded population from 6.1 percent to 8.0 percent. In nine
states, according to full-population estimates, as opposed to standard NAEP estimates,
the following states did not experience a significant gain: Kentucky, Massachusetts,
Maryland, Mississippi, Montana, New York, Rhode Island, Vermont, and West Virginia.

Generally, for states in which there was an increase in exclusions from 1996 to 2000, the
standard NAEP gains over-estimated what gains would have been if the same population
had been represented in both years.
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Table B3. Full-population estimates of average gains from 1996 to 2000 based on R2,
grade 4 mathematics, by state

2000 2000 1996 1996 Inclusion
State Mean Std.Error Mean Std.Error Gain tcain Gain (%)
Alaska 222.0 1.30
Alabama 215.0 1.50 209.2 131 5.8 2.90* 0.5
Arkansas 213.7 1.25 212.3 1.38 14 0.74 0.1
American Samoa 145.8 5.68
Arizona 212.7 1.54 212.2 1.85 04 0.19 0.6
California 209.8 1.84 202.9 1.78 6.9 2.69* 6.8
Colorado 221.6 1.04
Connecticut 230.0 1.17 229.1 1.01 0.9 0.61 -1.9
District of Columbia 189.5 1.25 184.0 0.99 5.5 342* 19
DD 225.4 1.22
Delaware 211.3 0.77
DO 225.6 0.74
Florida 2114 1.24
Georgia 216.7 1.08 212.7 1.41 4.0 2.27* 0.7
Guam 179.4 2.03 183.4 1.32 -4.0 -1.66 0.9
Hawaii 210.7 1.19 212.4 1.45 -1.7 -0.88 -4.4
lowa 229.2 1.32 226.6 1.17 2.6 1.47 -4.5
Idaho 223.8 1.37
llinois 221.8 1.97
Indiana 231.7 1.32 227.3 0.98 44 2.65* -15
Kansas 229.2 1.46
Kentucky 217.7 1.23 217.2 0.95 0.6 0.35 -25
Louisiana 215.1 1.45 206.7 1.13 8.4 4,57 * 0.0
Massachusetts 230.7 1.21 225.3 1.34 5.5 3.04 * -1.4
Maryland 218.3 1.12 218.2 1.53 0.0 0.01 -1.2
Maine 226.0 0.90 229.1 1.02 -3.0 -2.24* -2.6
Michigan 226.1 151 223.8 1.25 2.3 1.19 -2.2
Minnesota 232.7 1.43 229.8 1.09 2.9 1.62 0.3
Missouri 224.9 1.18 223.1 1.05 1.8 1.17 -4.8
Mississippi 208.7 1.11 205.5 1.25 3.3 1.95 17
Montana 227.7 1.84 225.4 1.25 2.3 1.04 -0.5
North Carolina 230.0 1.04 221.7 1.19 8.3 5.25* -6.4
North Dakota 228.6 0.98 229.5 1.24 -0.9 -0.58 -2.2
Nebraska 222.2 2.20 225.1 1.13 -2.9 -1.16 -2.6
New Jersey 225.1 1.37
New Mexico 208.8 1.34 208.9 1.83 0.0 0.00 -0.4
Nevada 215.3 1.41 213.7 1.34 1.6 0.84 -15
New York 220.9 1.53 220.3 1.16 0.6 0.29 =37
Ohio 226.3 151
Oklahoma 219.7 1.31
Oregon 223.5 1.60 219.7 1.36 3.8 1.83 1.0
Pennsylvania 224.6 1.27
Rhode Island 218.9 1.29 217.7 1.44 1.2 0.60 -55
South Carolina 2175 1.19 210.7 1.14 6.8 411+ -1.8
Tennessee 217.9 1.56 216.5 1.40 13 0.64 2.6
Texas 225.1 1.53 224.8 1.31 0.3 0.15 -5.1
Utah 223.2 1.24 223.7 1.09 -0.4 -0.24 -0.9
Virginia 227.2 1.05 221.9 1.36 7.2 4,18 * -4.1
Virgin Islands 182.0 2.82
Vermont 226.4 1.50 222.0 1.23 4.5 2.32* -4.6
Washington 222.6 1.18
Wisconsin 228.4 1.08
West Virginia 219.7 1.22 220.0 1.04 -0.3 -0.21 -1.7
Wyoming 226.7 1.45 221.6 1.33 5.1 2.61* -1.9
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Table B4. Full-population estimates of average gains from 1996 to 2000 based on R2,

mathematics grade 8, by state

2000 2000 1996 1996 Inclusion
State Mean Std.Error Mean Std.Error Gain tgain Gain (%)
Alaska
Alabama 258.8 1.82 252.5 2.18 6.2 2.20* 2.2
Arkansas 255.4 1.39 256.3 1.60 -0.9 -0.41 -1.2
Arizona 264.9 1.88 263.4 1.54 1.6 0.64 -0.6
American Samoa
California 256.6 2.69 257.0 1.65 -0.4 -0.13 1.3
Colorado
Connecticut 276.5 1.67 276.1 1.13 0.4 0.19 -1.9
District of Columbia 229.6 2.13 227.6 1.24 2.0 0.81 0.6
DD
DO
Delaware
Florida
Georgia 262.6 1.30 258.9 1.61 3.7 1.79 -0.2
Guam 231.3 1.86 237.4 1.69 -6.0 -2.39 -14
Hawaii 257.5 1.57 259.1 1.10 -1.6 -0.81 -2.1
lowa
Idaho
Illinois
Indiana 280.5 1.42 272.4 1.47 8.2 3.99 * -1.7
Kansas
Kentucky 265.6 1.23 263.7 1.12 1.8 1.10 -4.8
Louisiana 256.5 1.62 249.7 1.63 6.8 2.94 * 0.2
Massachusetts 277.5 1.55 272.9 2.08 4.6 1.76 -4.1
Maryland 271.2 1.50 266.9 2.13 4.3 1.63 -3.9
Maine 278.8 1.18 281.4 1.31 2.7 -1.51 -3.8
Michigan 274.1 1.71 273.9 1.82 0.2 0.08 -1.4
Minnesota 284.1 1.44 282.5 1.26 1.6 0.82 -2.5
Missouri 269.0 151 269.8 1.33 -0.7 -0.37 -15
Mississippi 248.0 1.32 246.2 1.24 1.8 0.98 -0.8
Montana 283.4 1.45 281.0 1.44 2.5 1.20 -2.2
North Carolina 274.9 1.18 265.8 1.44 9.1 4.86* -9.4
North Dakota 280.1 1.09 281.9 0.87 -1.8 -1.31 -0.5
Nebraska 278.3 1.34 280.0 1.40 -1.8 -0.92 0.8
New Jersey
New Mexico 252.2 1.69 258.6 1.30 -6.4 -3.01 -3.8
Nevada
New York 269.9 2.06 266.4 1.44 3.4 1.36 -55
Ohio
Oklahoma
Oregon 277.6 1.70 274.0 1.56 3.6 1.55 -2.3
Pennsylvania
Rhode Island 267.5 1.11 265.2 0.89 2.2 1.57 -4.6
South Carolina 261.7 1.28 256.9 1.39 4.8 2.55* -1.1
Tennessee 260.8 1.74 260.7 1.35 0.1 0.03 -0.2
Texas 269.6 1.52 265.2 1.53 4.4 2.06* -0.9
Utah 271.7 1.19 273.6 1.02 -1.9 -1.20 0.2
Virgin Islands
Virginia 271.7 1.46 266.0 1.43 5.6 2.75* 2.7
Vermont 278.0 1.11 277.0 1.01 1.0 0.70 -5.3
Washington
West Virginia 262.7 1.21 260.1 1.11 2.6 1.60 -2.6
Wisconsin
Wyoming 274.2 1.15 273.5 0.94 0.7 0.46 -2.2
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Full-Population Estimates vs. Standard Estimates: R3 in 2000, R2 in 1996

As can be seen from a comparison of the full-population estimates (tables B5 and B6)
with standard NAEP estimates (tables C3 and C4), the standard NAEP estimates for gains
from 1996 to 2000 are generally smaller then the full-population gain estimates, because
R3 in 2000 included more SD/ELLSs than R2 in 1996 did. For this comparison, R3-based
full-population estimates for 2000 treated accommodated scores as missing and imputed
them from relations observed for non-accommodated SD/ELLS’ scores.

Based on R3, at grade 4, in 37 states participating in both years, the average full-
population gain was 3.3 points on the NAEP scale, but this was deflated to an apparent
2.3 point gain by the decrease in the size of the excluded population from 7.4 percent to
3.7 percent. In six states, there were significant gains according to full-population
estimates, as opposed to standard NAEP estimates: California, Connecticut, Georgia,
Minnesota, Mississippi, and Texas.

At grade 8, in 35 states participating in both years, the average full-population gain was
2.0 points on the NAEP scale, but this was deflated to a 1.2 point gain by the decrease in
the size of the excluded population from 6.1 percent to 4.0 percent. In four states,
according to full-population estimates, as opposed to standard NAEP estimates, there
were significant gains: Kentucky, Oregon, South Carolina, and West Virginia.

Generally, for states in which there was decrease in exclusions from 1996/R2 to 2000/R3,
the standard NAEP gains over-estimated what gains would have been if the same
population had been represented in both years.

Full-Population Estimates Based on R2 vs. Full-Population Estimates
Based on Non-Accommodated Cases in R3

As can be seen from a comparison of the R2 full-population estimates (tables B3 and B4)
with the R3N (R3 without accommodated scores) full-population estimates (tables B5
and B6), estimates for individual states vary (randomly) between samples. However, at
grade 4, there is an overall tendency for R3N full-population estimates to be greater than
R2 full-population estimates. Full-population estimates based on R2 and on the non-
accommodated students in R3 should be the same, except for random error, if the R2 and
R3N samples are equivalent. Therefore, the finding that the grade 4 full-population
estimates for 2000 are greater when based on R3N than when based on R2 is of concern.
The databases used for estimating the imputation functions are of approximately the same
size, as shown in table B1, but the performance of non-accommodated grade 4 SD/ELLs
in R3 is higher than their counterparts in R2 (201.4 vs. 198.6). Other factors that
contribute to this anomaly of two different full-population estimates (which occurs only
for grade 4) are discussed later.

Based on R2, at grade 4, in 37 states participating in both years, the average full-
population gain was 2.3 points on the NAEP scale, compared to 3.3 when the 2000 scores
were based on R3N. In five states, there were significant gains in full-population
estimates based on R3N but not when based on R2: Connecticut, Minnesota, Mississippi,
Rhode Island, and Texas. These are, with two exceptions, the same states in which R3N
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full-population gain estimates are significantly higher than standard NAEP estimates
based on R3.

At grade 8, in 37 states participating in both years, the average full-population gain was
1.7 points on the NAEP scale, based on R2, or 2.0 points, based on R3N. In one state,
Texas, the full-population gain estimate based on R2 was significant, but not the full-
population gain estimate based on R3N; and in four states, the gain based on R3N was
significant, while the gain based on R2 was not: Kentucky, Mississippi, Oregon, and
West Virginia.

Standard NAEP Estimates Based on R2 and R3

Because the administration in 1996 was parallel to the R2 sample (no accommodations),
NAEP has only published indicators of statistically significant gains for the R2 sample in
2000. However, one strategy being considered is to replace R2 with R3 in the future, and
to evaluate whether trends can be maintained across a bridge from R2 to R3. It is useful
to compare the gains from 1996 to 2000, estimated using R2 and R3 data in 2000. These
estimates can be compared between tables C1 and C2 (R2) and tables C3 and C4 (R3).
As is expected, gains using the R2 sample are larger, because the 2000 R3 means
represent a larger percentage of the SD/ELL population than the 1996 (R2) means do.
Even though accommodations are included, the estimated performance of accommodated
SD/ELLs tends to be similar to other SD/ELL performances — about one standard
deviation lower than the performance of non-SD/ELLSs.

Based on R2, ignoring the excluded student population at grade 4, in 37 states
participating in both years, the average gain was 3.2 points on the NAEP scale. However,
using R3 this was deflated to an apparent 2.3 point gain by the increase in percentage of
SD/ELLs included in the represented population, from 9.3 percent to 14.7 percent. In six
states, there were significant gains according to standard NAEP R2 gain estimates, as
opposed to hypothetical NAEP R3 gain estimates: Georgia, lowa, Michigan, Missouri,
New York, and Texas.

At grade 8, in 35 states participating in both years, the average gain based on the R2
sample was 3.0 points on the NAEP scale, but using R3 this was deflated to an apparent
1.2 point gain by the increase in percentage of SD/ELLs included in the represented
population, from 8.1 percent to 12.5 percent. In ten states, there were significant gains
according to standard NAEP R2 gain estimates, as opposed to hypothetical NAEP R3
gain estimates: Kentucky, Massachusetts, Maryland, Montana, New York, Rhode Island,
South Carolina, Texas, Vermont, and West Virginia.

Generally, for states in which there was a decrease in exclusions from 1996/R2 to
2000/R3, due to introduction of accommodations, the bias in gain estimates was less if
gains were measured using R3 in 2000. The fact remains that both estimates are biased by
the exclusion of a portion of the population, but the bias is smaller when parts of the
excluded population are replaced by estimates that are similar to the performance of
other, non-accommodated SD/ELLs.
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Table B5. Full-population estimates of average gains from 1996 to 2000 based on R3
non-accommodated cases, mathematics grade 4, by state

2000 2000 1996 1996 Inclusion
State Mean Std.Error Mean Std.Error Gain tcain Gain (%)
Alaska 222.0 1.30
Alabama 215.0 1.34 209.2 131 5.8 3.09* 0.2
Arkansas 214.0 0.96 212.3 1.38 1.6 0.97 -1.4
American Samoa 149.7 2.95
Arizona 216.6 1.37 212.2 1.85 44 1.90 -0.8
California 210.3 1.60 202.9 1.78 7.4 3.07* 19
Colorado 221.6 1.04
Connecticut 232.2 1.22 229.1 1.01 3.1 1.96* -0.8
District of Columbia 189.3 1.23 184.0 0.99 5.2 3.31* -1.1
DD 225.4 1.25
Delaware 211.3 0.77
DO 224.7 0.89
Florida 2114 1.24
Georgia 218.0 1.07 212.7 1.41 53 2.99* 04
Guam 182.1 2.16 183.4 1.32 -1.4 -0.55 19
Hawaii 213.1 1.16 212.4 1.45 0.8 0.41 -5.5
lowa 228.3 1.16 226.6 1.17 17 1.03 -3.7
Idaho 222.9 1.29
llinois 221.4 1.96
Indiana 230.5 1.25 227.3 0.98 3.2 2.03* -3.2
Kansas 231.2 1.63
Kentucky 2175 131 217.2 0.95 0.3 0.19 -2.0
Louisiana 218.3 1.36 206.7 1.13 11.6 6.56* -6.1
Massachusetts 231.6 1.14 225.3 1.34 6.3 3.58* -3.8
Maryland 220.4 1.08 218.2 1.53 2.1 1.13 -0.3
Maine 226.1 1.05 229.1 1.02 -2.9 -2.01* -3.7
Michigan 227.4 1.41 223.8 1.25 3.7 1.94 -15
Minnesota 233.3 1.21 229.8 1.09 35 2.17* -35
Missouri 225.8 1.20 223.1 1.05 2.8 1.73 -5.3
Mississippi 209.1 1.19 205.5 1.25 3.6 2.07 1.2
Montana 227.0 1.60 225.4 1.25 1.6 0.78 -2.6
North Carolina 227.7 1.20 221.7 1.19 6.0 3.53* -6.1
North Dakota 229.3 1.12 229.5 1.24 -0.2 -0.11 -1.8
Nebraska 222.6 1.88 225.1 1.13 -25 -1.14 2.7
New Jersey . 225.1 1.37
New Mexico 209.9 1.42 208.9 1.83 11 0.46 -35
Nevada 215.7 1.14 213.7 1.34 2.1 1.18 -2.9
New York 222.7 1.60 220.3 1.16 2.3 1.18 -6.3
Ohio 228.7 1.41
Oklahoma 221.7 1.17
Oregon 221.3 1.73 219.7 1.36 1.6 0.75 -1.7
Pennsylvania . 224.6 1.27
Rhode Island 222.9 1.24 217.7 1.44 5.2 2.72* -7.0
South Carolina 217.4 1.34 210.7 1.14 6.7 3.80* -4.2
Tennessee 218.7 1.46 216.5 1.40 2.1 1.04 2.5
Texas 228.6 1.14 224.8 1.31 3.9 2.22* -2.6
Utah 225.2 1.24 223.7 1.09 1.6 0.97 -0.7
Virginia 227.7 1.07 221.9 1.36 7.7 4.43* -3.9
Virgin Islands 178.8 1.68
Vermont 230.7 1.63 222.0 1.23 8.8 4.32* -5.3
Washington 222.6 1.18
Wisconsin 228.4 1.08
West Virginia 221.3 1.21 220.0 1.04 1.3 0.80 2.4
Wyoming 228.1 1.17 221.6 1.33 6.5 3.67* -3.5
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Table B6. Full-population estimates of average gains from 1996 to 2000 based on R3
non-accommodated cases, mathematics grade 8, by state

2000 2000 1996 1996 Inclusion
State Mean Std.Error Mean Std.Error Gain tcain Gain (%)
Alaska 275.5 1.76
Alabama 258.6 1.88 252.5 2.18 6.1 211 0.2
Arkansas 255.7 1.39 256.3 1.60 -0.5 -0.25 1.1
American Samoa 192.8 4.89
Arizona 267.2 1.65 263.4 1.54 3.8 1.69 1.0
California 258.1 2.14 257.0 1.65 1.1 0.40 0.5
Colorado 272.8 1.15
Connecticut 276.6 1.54 276.1 1.13 0.5 0.27 -1.6
District of Columbia 229.3 1.59 227.6 1.24 1.7 0.85 2.4
Delaware 260.8 1.03
Florida 259.6 1.76
Georgia 262.3 1.30 258.9 1.61 3.3 1.62 -0.4
Guam 230.5 2.12 237.4 1.69 -6.9 -2.54 -5.0
Hawaii 259.5 1.52 259.1 1.10 0.4 0.20 -2.1
lowa 280.9 1.37
Idaho 275.8 1.21
llinois 272.2 1.62
Indiana 280.2 1.38 272.4 1.47 7.8 3.89 -0.7
Kansas 282.1 1.59
Kentucky 267.4 1.42 263.7 1.12 3.6 2.00 -4.2
Louisiana 257.7 1.59 249.7 1.63 8.0 3.49 -2.8
Massachusetts 277.3 1.40 272.9 2.08 4.4 1.74 -35
Maryland 270.2 1.62 266.9 2.13 3.3 1.24 0.2
Maine 280.5 1.15 281.4 1.31 -1.0 -0.54 -2.6
Michigan 275.3 1.85 273.9 1.82 15 0.57 -1.0
Minnesota 285.6 1.51 282.5 1.26 3.0 1.55 -1.2
Missouri 268.9 1.53 269.8 1.33 -0.8 -0.42 -2.6
Mississippi 250.0 1.40 246.2 1.24 3.8 2.02 0.0
Montana 284.3 1.37 281.0 1.44 3.4 1.69 2.4
North Carolina 271.9 1.20 265.8 1.44 6.1 3.27 74
North Dakota 280.4 1.22 281.9 0.87 -1.6 -1.04 -0.3
Nebraska 277.0 1.37 280.0 1.40 -3.0 -1.54 -15
New Mexico 254.0 1.70 258.6 1.30 -4.6 -2.14 -35
Nevada 262.7 0.93
New York 267.9 211 266.4 1.44 15 0.59 -3.6
Ohio 279.2 1.67
Oklahoma 268.0 1.36
Oregon 278.5 1.54 274.0 1.56 45 2.05 4.7
Rhode Island 267.3 1.17 265.2 0.89 2.1 1.42 -0.6
South Carolina 262.4 1.41 256.9 1.39 55 2.80 -0.5
Tennessee 259.7 1.55 260.7 1.35 -1.1 -0.51 1.3
Texas 268.2 1.62 265.2 1.53 3.0 1.33 -1.3
Utah 271.2 0.99 273.6 1.02 -2.3 -1.64 0.7
Virginia 270.6 1.35 266.0 1.43 4.6 2.35 -2.9
Vermont 278.3 1.35 277.0 1.01 1.3 0.76 -3.2
Washington 272.6 1.39
Wisconsin 279.4 1.58
West Virginia 265.4 1.15 260.1 1.11 5.3 3.28 -2.0
Wyoming 274.6 1.00 273.5 0.94 1.1 0.78 -2.3
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Full-Population Estimates Including Accommodated Student Scores vs.
Imputing Scores for Accommodated Students

NAEP estimates plausible values for performance of accommodated SD/ELLSs as if they
were not accommodated. Common sense suggests that these scores are likely to be
somewhat higher than these same students would have attained without the
accommodations. Therefore, imputation of these scores based on background information
is likely to produce estimates that are somewhat lower than the NAEP plausible values.
As a result, full-population estimates of gains from 1996 to 2000, using the R3 sample,
are likely to be somewhat smaller if the accommodated students’ scores are imputed (as
shown in tables B5 and B6) rather than taken from their accommodated performances (a
shown in tables B7 and B8).

In fact, at both grades there are small differences in the estimates, 0.6 points for grade 4
and 0.4 points for grade 8. Gains were estimated to be slightly larger when the
accommodated scores were included (without adjustments for the accommodations, of
course). Statistical significance was affected for four states at grade 4: Arizona, lowa,
Michigan, and Missouri; but at grade 8, only the District of Columbia was affected.

Because the accommodated sample excludes fewer students from the represented
population, it would be preferable to use that sample for imputation, but that requires
appropriate estimates of the extent to which the accommaodations inflate scores by
removing essential component skills from the domain being assessed.

A Practical Comparison: R2-based Full-Population Estimates vs. R3-based
Standard NAEP Estimates

Reporting standard results for the R3 sample has been offered by NAEP as an alternative
to full-population estimation based on R2. Both of these alternatives estimate lower
performance than the standard estimates based on R2, because both ignore fewer
SD/ELLs than the standard R2 estimates. This comparison is a bit like comparing apples
and oranges, because one method ignores some students while the other does not; and
both probably overestimate the performance of some SD/ELLS, but for different reasons:
in one case by not adjusting for accommodations and in the other case by statistical
regression to the mean due to smaller R2.

The comparison is between tables B3 and B4 (R2-based full population estimates) and
tables C3 and C4 (standard R3-based NAEP estimates). In fact, this comparison identifies
the smallest number of deviations in statistical significance of any of the gain
comparisons. At grade 4, California and Georgia have significant gains according to the
R2-based full-population estimates, while Rhode Island has a significant gain according
to standard R3-based estimates. At grade 8, South Carolina and Texas are favored by the
R2-based full-population estimates, while Mississippi is favored by the standard R3-
based estimates. This small number of differences should not be taken as an indication
that the estimates are similar—it is a coincidence based on the simultaneous decrease in
participation rates in the R2 sample and increase in participation rates in the R3 sample
between 1996 and 2000.
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Table B7. Full-population estimates of average gains from 1996 to 2000 based on R3

including accommodated cases in 2000, mathematics grade 4, by state

2000 2000 1996 1996 Inclusion

State Mean Std. Error Mean Std. Error Gain tGain Gain (%)

Alaska . . 222.0 1.30 . .

Alabama 215.8 1.29 209.2 131 6.6 3.60* 3.1

Arkansas 214.6 1.07 212.3 1.38 2.3 1.31 2.7

American Samoa 151.2 243 . .

Arizona 217.9 1.29 212.2 1.85 5.6 2.50* 8.1

California 210.8 1.59 202.9 1.78 7.8 3.29* 10.2

Colorado . . 221.6 1.04 . .

Connecticut 232.3 1.23 229.1 1.01 3.2 1.99* 34

District of Columbia 190.2 1.07 184.0 0.99 6.1 4.23* 6.0

DD

Delaware 211.3 0.77

DO

Florida . . 2114 1.24 . .

Georgia 218.0 1.04 212.7 1.41 53 3.01* 4.3

Guam 182.1 1.89 183.4 1.32 -1.4 -0.60 6.0

Hawaii 212.9 1.03 212.4 1.45 0.5 0.30 -2.8

lowa 230.4 1.18 226.6 1.17 3.8 2.26* 3.3

Idaho 2235 151

llinois 222.1 1.93 . .

Indiana 231.9 1.29 227.3 0.98 4.6 2.85* 2.8

Kansas 231.3 1.65 . .

Kentucky 218.7 1.36 217.2 0.95 15 0.90 3.1

Louisiana 217.4 1.36 206.7 1.13 10.7 6.04* 5.0

Massachusetts 232.6 1.21 225.3 1.34 7.4 4.08* 6.4

Maryland 220.9 1.13 218.2 1.53 2.6 1.38 5.2

Maine 228.0 1.08 229.1 1.02 -1.1 -0.73 3.0

Michigan 228.1 1.56 223.8 1.25 4.3 2.15* 2.9

Minnesota 232.9 1.28 229.8 1.09 3.2 1.89 3.9

Missouri 227.0 1.15 223.1 1.05 4.0 2.55* 2.3

Mississippi 209.3 1.19 205.5 1.25 3.8 2.22* 3.3

Montana 227.7 1.69 225.4 1.25 2.3 1.10 3.0

North Carolina 228.2 1.22 221.7 1.19 6.4 3.77* 1.8

North Dakota 229.3 1.22 229.5 1.24 -0.2 -0.10 2.1

Nebraska 223.7 1.81 225.1 1.13 -1.4 -0.65 1.6

New Jersey . . 225.1 1.37 . .

New Mexico 211.3 1.38 208.9 1.83 2.4 1.07 6.3

Nevada 216.7 1.10 213.7 1.34 3.0 1.75 2.1

New York 2235 1.55 220.3 1.16 3.1 1.61 3.2

Ohio 229.0 1.45

Oklahoma 221.7 1.08 . .

Oregon 222.7 1.85 219.7 1.36 3.0 1.30 6.1

Pennsylvania . . 224.6 1.27 . .

Rhode Island 223.1 1.13 217.7 1.44 5.4 2.94* 3.2

South Carolina 217.7 1.33 210.7 1.14 7.1 4.04* 0.5

Tennessee 218.7 1.42 216.5 1.40 2.2 1.09 3.8

Texas 229.2 1.04 224.8 1.31 4.4 2.63* 3.5

Utah 225.7 1.28 223.7 1.09 2.0 1.21 3.0

Virginia 228.2 1.02 221.9 1.36 8.2 4.80* 2.7

Virgin Islands 179.4 1.65 . .

Vermont 230.4 1.63 222.0 1.23 8.5 4.19* 3.3

Washington 222.6 1.18

Wisconsin . . 228.4 1.08 . .

West Virginia 222.2 1.22 220.0 1.04 2.2 1.38 5.6

Wyoming 227.8 1.11 221.6 1.33 6.2 3.60* 2.3
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Table B8. Full-population estimates of average gains in grade 4 mathematics from 1996
to 2000 based on R3 including accommodated cases in 2000, by state

2000 2000 1996 1996 Inclusion
State Mean Std.Error Mean Std.Error Gain tGain Gain (%)
Alaska 275.5 1.76
Alabama 259.2 1.84 252.5 2.18 6.6 2.32* 0.7
Arkansas 255.8 1.49 256.3 1.60 -0.5 -0.23 4.8
American Samoa 190.9 5.08
Arizona 267.2 1.62 263.4 1.54 3.8 1.71 55
California 258.2 2.09 257.0 1.65 1.1 0.42 5.8
Colorado 272.8 1.15
Connecticut 277.0 1.42 276.1 1.13 0.9 0.51 2.2
District of Columbia 232.0 1.31 227.6 1.24 4.4 2.46* 35
DD 272.3 2.47
Delaware 260.8 1.03
DO 277.4 1.03
Florida 259.6 1.76
Georgia 262.9 1.33 258.9 1.61 4.0 1.93 2.2
Guam 230.7 2.53 237.4 1.69 -6.7 -2.20* -3.3
Hawaii 259.8 1.54 259.1 1.10 0.7 0.37 -0.1
lowa 280.9 1.37
Idaho 276.0 0.99
llinois 272.0 1.52
Indiana 279.9 1.33 272.4 1.47 7.5 3.81* 2.5
Kansas 281.4 1.65
Kentucky 267.8 1.34 263.7 1.12 4.0 2.30* 0.2
Louisiana 257.8 1.48 249.7 1.63 8.0 3.65* 34
Massachusetts 277.8 1.42 2729 2.08 4.9 1.95 5.3
Maryland 270.4 1.71 266.9 2.13 35 1.29 4.0
Maine 280.0 1.09 281.4 1.31 -14 -0.83 2.1
Michigan 275.2 1.90 273.9 1.82 14 0.52 1.3
Minnesota 286.1 1.51 282.5 1.26 35 1.79 1.3
Missouri 269.6 1.38 269.8 1.33 -0.2 -0.12 4.2
Mississippi 250.8 1.38 246.2 1.24 4.6 2.46* 1.2
Montana 284.0 1.51 281.0 1.44 3.1 1.47 0.9
North Carolina 273.7 1.31 265.8 1.44 7.9 4.05* -0.6
North Dakota 280.8 1.09 281.9 0.87 -1.2 -0.83 1.7
Nebraska 277.7 1.46 280.0 1.40 2.4 -1.16 0.8
New Mexico 255.2 1.65 258.6 1.30 -34 -1.60 0.5
Nevada 262.6 0.87
New York 269.1 2.24 266.4 1.44 2.7 1.01 3.6
Ohio 278.9 1.59
Oklahoma 267.8 1.32
Oregon 278.8 1.50 274.0 1.56 4.8 2.20* 1.4
Rhode Island 267.2 1.21 265.2 0.89 1.9 1.29 3.8
South Carolina 262.1 1.39 256.9 1.39 5.2 2.67* 1.8
Tennessee 259.9 1.44 260.7 1.35 -0.8 -0.41 1.9
Texas 268.5 151 265.2 1.53 3.3 1.54 0.7
Utah 271.8 1.01 273.6 1.02 -1.8 -1.22 34
Virginia 271.3 1.27 266.0 1.43 5.2 2.74* 1.0
Vermont 278.8 1.46 277.0 1.01 1.8 1.03 1.2
Washington 272.6 1.39
Wisconsin 279.4 1.58
West Virginia 264.7 1.20 260.1 1.11 4.6 2.80* 5.8
Wyoming 274.9 1.02 273.5 0.94 1.4 0.99 0.8

B-15



Properties of NAEP Full Population Estimates

Aggregate Sample Comparisons for 2000

Although there is noticeable random sampling variation in the SD/ELL scores in any
single state, it is desirable that, across the aggregate of participating states, the full-
population estimates based on different samples be similar. In 2000, there were three
samples on which full-population estimates can be based: R2, R3 without the
accommodated scores, and R3 (including accommodated scores). The estimates for these
three samples are shown in tables B9 and B10. Note that these values are different from
values mentioned earlier, because they are based on all participating states, not limited to
those that also participated in 1996.

The results for grade 8 (table B10) are as expected: 268.0 or 268.1, and slightly higher,
268.4, when accommodated scores are included. The results for grade 4 (table B9), on
the other hand, are not so consistent: the full-population estimate based on R3 (without
accommodated scores) is 1.1 points higher than the estimate based on R2. It appears that
the 10.9 percent of imputed scores in R3N (R3 excluding accommodated scores) are
noticeably higher than the 9.6 percent of imputed scores in R2 (191.5 vs. 182.3). There
appear to be three reasons for this: (1) the unimputed SD/ELL scores, which “anchor”
the imputed scores, are 2.8 points higher in R3N; (2) the students with accommodated
scores in R3 have a higher level of proficiency than similar percentages of students in R2,
as indicated by the fact that their mean performance is the same as the non-
accommodated students in R3 (201.4); and (3) the R2 is smaller for R3N (.275 vs. .333),
leading to greater regression to the “anchor.” These three factors create the “anomaly”
that the two full-population estimates differ by 1.1 points.

In this context, the R2 value is preferred because (a) it is based on a slightly larger
database and (b) it is based on a slightly higher R2. Although the addition of
accommodations increases the numbers of students who actually participate in NAEP
testing sessions, none of the values without imputations, whether based on R2 or R3, are
sufficiently close to the R2 full-population estimates to warrant their use as full-
population estimates. Moreover, the published R3 estimates (which include
accommodated scores) are inflated to an unknown extent by the accommodations, to
which we turn next.

Table B9. Average estimates of achievement in grade 4 mathematics by sample, 2000

R3
R2 non-accommodated only R3
Mean Percent Mean Percent Mean Percent
Non-SD/EL L 227.6 (81.1) 227.6 (81.0) 227.6 (81.0)
Included SD/ELL 198.6 (9.3) 201.4 (8.1) 201.4 (14.7)
Imputed SD/ELL 182.3 (9.6) 191.5 (10.9) 189.4 (4.2)
Full-Population average 220.5 (100.0) 221.6 (100.0) 222.2 (100.0)
Average without Imputations 224.6 (90.4) 225.2 (89.1) 223.6 (95.7)
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Table B10. Average estimates of achievement in grade 8 mathematics by sample, 2000

R3
R2 non-accommodated only R3
Mean Percent Mean Percent Mean Percent
Non-SD/ELL 276.3 (83.1) 276.3 (83.1) 276.3 (83.1)
Included SD/ELL 236.7 (8.1) 234.4 (8.4) 232.9 (12.5)
Imputed SD/ELL 218.1 (8.7) 219.9 (8.4) 2175 (4.9)
Full-Population Average 268.0 (100.0) 268.1 (100.0) 268.4 (100.0)
Average without Imputations 272.8 (91.2) 272.5 (91.5) 270.7 (95.6)

Effects of Accommodations

An essential criterion for valid comparison of test scores of two groups is that they be
given either the same test or a parallel (i.e., functionally perfectly equivalent) test. A non-
standard administration of a test is prima facie a different test, so comparing scores of
two groups of students, in which some members of one group had a non-standard test
administration, is not valid, unless the non-standard administration is shown to be
functionally equivalent to the standard administration. An example of an obvious non-
standard but equivalent test administration is the provision to accommodate a paraplegic
student by allowing a wheelchair to be used instead of a chair and desk, in a test of
reading or mathematics. It would not be equivalent, of course, if the test were of running
speed.

Carefully controlled, randomized experiments are needed to determine the effect of
particular accommodations (i.e., non-standard test administrations) on test scores.
Students with and without disabilities, but with the same level of proficiency (determined
externally) must be assigned to standard and non-standard test administration conditions
to determine how the non-standard test administration should be scored to yield
equivalent proficiency estimates.

In the absence of such studies, it is possible to use the NAEP data to generate rough
estimates of the extent to which variations in NAEP scores are associated with
accommodations, for SD/ELLs with the same predicted performance. For this, we expand
the regression analyses used in the preceding sections to include indicators of types of
accommodations. The results, shown in tables B11 and B12, indicate the number of
NAEP points associated with each of the accommodations, which had apparently
significant effects.

The effects are quite different between grades 4 and 8. At grade 4, the ELL
accommaodations were not effective, but at grade 8, the bilingual glossary was quite
helpful. At grade 4, accommodations for students with disabilities were more effective:
reading aloud, small group, one-on-one, and “scribed” administrations. The one-on-one
administration was also effective at grade 8. And at both grades, miscellaneous types of
accommodations were associated with higher scores.

This analysis is based on the assumption that the differences in performance between
accommodated and non-accommodated students with the same profile are due to the
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effects of the accommodation. This assumption ignores the fact that there may be
systematic achievement differences between these two groups that are not captured by the
SD/ELL questionnaire. For example, it is likely that being assigned an accommodation is
also an independent indicator of a student’s greater difficulty in acquiring the target skill;
that is, and indicator of lower achievement.

Table B11.Imputation coefficients for accommodation types, grade 4 mathematics, 2000

Predictor Coefficient Predictor Coefficient

n 6,639

R? 0.251 Accommodations

ELL, not SD 5.730

Minority -9.175 Bilingual Book -3.979
Female -2.935 Read Aloud 5.874
TITLE 1 -4.483 Small Group 8.572
SLUNCH -1.816 One-on-One 12.274
PCTBHI -0.129 Scribe/PC 34.042
PCTASN 0.108 Other 10.881
RdgGradeD -4.268

MthGradeD -7.875

MthCurrD -11.003

SciGradeD -3.102

RdgPartD —6.406

SciPartD 5.074

RdgYrsEng -2.849

RdgGradeL -7.228

SciGradeL -3.850

RdgPartL -4.403
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Table B12.Imputation coefficients for accommodation types, grade 8 mathematics, 2000

Predictor Coefficient Predictor Coefficient

n 5,391

R? 0.312 Accommodations

ELL, not SD 10.712

Minority -14.861 Bilingual Dictionary 22.372
Female -4.116 Extended Time -7.591
TITLE 1 -8.783 One-on-One 5.729
SLUNCH -3.566 Other 8.133
PCTBHI —-0.145

PCTASN 0.280

RdgGradeD -4.897

MthGradeD -9.552

MthCurrD -5.659

SciPartD -5.234

RdgGradeL -7.521

MthGradeL —-7.306

SciGradeL 4.804

RdgPartL —-7.436

A more careful analysis, suggested by John Mazzeo, is to use the prediction equation
based on SD/ELLs who had the standard NAEP administration (i.e., were not
accommodated) and carry out a t-test on the residual performance of students who had
each type of accommodation. The results are shown in tables B13 and B14. These results
follow the same pattern as described above, although the only significantly effective
accommodation at grade 8 is the bilingual glossary.

It is tempting to apply the differences noted in tables B13 and B14 to adjust scores of
students who received accommodations to approximate what their scores would have
been without the accommodations. However, it’s not that simple. To see this, we focus on
two of the accommaodations in grade 8: the bilingual glossary and extended time.

The scores of the ELLs who had access to bilingual glossaries appear to have been 28.9
points higher than the scores of comparable students who had the standard
administration, but it does not make sense to subtract 28.9 points from their scores, even
if that value was determined without error. That is because we think that the mathematics
skills NAEP is attempting to assess do not include being able to read fluently in English.
Providing the glossary does not dilute the mathematics skill requirements for solving
problems on the test. (If the test were of English reading achievement, the picture would
be different, of course.) Assuming that the bilingual glossary does not, coincidentally,
include some mathematical definitions (e.g., what parallel lines are) that substitute for a
component of the substance of mathematical knowledge, this accommodation would
appear to be both effective and appropriate.

The recommendation for NAEP would be to include the availability of a bilingual
glossary as part of the standard administration for all sessions, to ensure that comparisons
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are not biased because some ELLs have the bilingual glossary and others do not. For
comparisons that do not have that standard (e.g., gains from 1996 to 2000), scores of
sessions that did not allow accommodations (e.g., R2) should be used.

Turning now to extended time, the scores of grade 8 students who had this non-standard
administration were 4.2 points lower than the scores of similar students. (Although not
statistically significant, it probably would have been in a larger sample.) Although some
accommodations might actually hurt performance, it is nearly inconceivable that this
accommodation caused lower scores. Much more likely is the possibility that students
who were given extended time were not as proficient in mathematics as expected, due to
some unmeasured characteristic, not included in the NAEP descriptive questionnaire for
SD/ELLs. In this case, one would just ignore the 4.2-point effect (even if it were
measured without error), rather than inflate () the scores of those who had extended time
by that amount.

But then we are left with doubt about all of the coefficients: Were the accommodated and
non-accommodated students with the same disability and background profiles really
equivalent? It is essential that research be done in which students are randomly assigned
to accommodated and standard administrations, to ensure that, at least on average,
equivalent groups of students are available for these analyses. Use of existing NAEP data
can suggest directions for research, but they cannot answer the question of how to score
the performance of accommodated students to construct valid comparisons.

Table B13.Mean effects of accommodations, grade 4 mathematics, 2000

Accommodation Type Effect n Student’s t
Bilingual Book -2.8 364 -1.49
Bilingual Glossary 6.1 3 —
Large Print 10.7 16 1.88
Extended Time -0.8 359 -0.31
Read Aloud 7.4 475 3.63
Small Group 9.7 1522 9.97
One-on-One 14.5 278 5.95
Scribe/PC 37.1 27 2.96
Other 12.2 80 2.65

Table B14.Mean effects of accommodations, grade 8 mathematics, 2000

Accommodation Type Effect n Student’s t
Bilinaual Book 2.1 116 0.40
Bilingual Glossary 28.9 25 2.83
Large Print -3.9 6 -0.24
Extended Time -4.2 515 -1.32
Read Aloud 2.7 223 0.76
Small Group 2.9 805 1.56
One-on-One 8.1 111 151
Scribe/PC -5.1 8 -0.31
Other 9.7 55 1.18
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Appendix C

Published NAEP Mathematics Gains from 1996 to 2000 for R2 and R3
and
Measures used in Profile Matching of Included and Excluded SD/ELLs
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Table C1. NAEP standard estimates of average gains from 1996 to 2000 based on R2,

grade 4, by state

2000 2000 1996 1996 Std. Inclusion

State Mean Std.Error Mean Error Gain tgain Gain
Alaska 223.8 1.26

Alabama 217.9 1.41 211.6 1.24 6.3 3.36* 0.5
Arkansas 217.1 1.13 215.8 1.46 1.2 0.66 0.1
American Samoa 156.7 3.90

Arizona 218.8 1.42 217.6 1.73 1.2 0.53 0.6
California 213.6 1.84 209.1 1.84 4.4 1.70 6.8
Colorado 225.8 1.04

Connecticut 234.2 1.16 232.0 1.10 2.2 1.39 -1.9
District of Columbia 193.3 1.17 187.1 1.09 6.2 3.85* 1.9
DD 228.0 1.18

DO 215.0 0.64

Delaware 227.6 0.73

Florida 215.8 1.16

Georgia 219.6 1.06 215.5 1.49 4.1 224 * 0.7
Guam 184.3 2.34 188.4 1.27 -4.1 -1.53 0.9
Hawaii 215.9 1.07 215.0 1.45 0.9 0.50 -4.4
lowa 232.9 1.27 229.1 1.08 3.8 2.26 * -4.5
Idaho 226.9 1.21

lllinois 224.9 1.92

Indiana 234.4 1.08 229.4 1.05 5.0 3.34* -15
Kansas 232.0 153

Kentucky 221.0 1.17 220.0 1.07 1.0 0.63 -25
Louisiana 218.0 1.40 209.0 1.11 8.9 5.02* 0.0
Massachusetts 235.0 112 229.0 1.35 6.0 341* -14
Maryland 222.3 1.27 220.7 1.56 1.6 0.80 -1.2
Maine 230.6 0.92 232.2 1.02 -16 -1.19 -2.6
Michigan 230.9 1.43 226.3 1.27 4.6 242 * -2.2
Minnesota 235.3 1.32 232.2 1.08 3.1 1.80 0.3
Missouri 228.6 1.19 224.7 1.07 3.8 2.39* -4.8
Mississippi 211.0 1.07 208.4 1.22 2.5 157 17
Montana 229.8 1.81 227.5 1.23 2.3 1.05 -0.5
North Carolina 232.5 1.00 224.3 1.19 8.1 5.24 * -6.4
North Dakota 230.9 0.86 230.9 1.23 0.0 -0.01 -2.2
Nebraska 225.9 1.72 2275 1.18 -16 -0.77 -2.6
New Jersey 227.2 149

New Mexico 213.9 1.48 213.8 1.75 0.0 0.01 -0.4
Nevada 220.3 1.18 217.6 1.30 2.7 151 -15
New York 226.6 1.33 222.6 124 3.9 216 * -3.7
Ohio 230.6 1.33

Oklahoma 225.0 1.26

Oregon 226.6 1.64 223.5 1.35 3.2 149 1.0
Pennsylvania 226.2 1.23

Rhode Island 224.6 1.22 220.4 1.39 4.2 2.27* -5.6
South Carolina 220.4 1.39 213.2 1.30 7.2 3.80* -1.8
Tennessee 219.8 149 219.2 1.40 0.7 0.32 2.6
Texas 232.7 121 228.7 1.36 4.0 217 * -5.1
Utah 227.3 1.22 226.5 1.15 0.8 0.46 -0.9
Virginia 230.4 1.27 222.6 1.36 7.8 416 * -4.1
Virgin Islands 182.9 2.81

Vermont 231.7 1.63 224.9 1.22 6.8 3.35* -4.6
Washington 225.1 1.24

Wisconsin 231.4 0.96

West Virginia 224.8 1.20 223.4 1.01 15 0.96 -17
Wyoming 229.3 1.30 223.2 1.38 6.1 3.19* -1.9
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Table C2. NAEP standard estimates of average gains from 1996 to 2000 based on R2,
grade 8, by state

2000 2000 1996 1996 Std. Inclusion
State Mean Std.Error Mean Error Gain tGain Gain
Alaska
Alabama 262.2 1.77 256.6 2.15 5.6 2.00 * 2.2
Arkansas 261.4 1.37 261.7 1.52 -0.3 -0.14 -1.2
Arizona 270.7 1.53 267.9 1.56 2.8 1.30 -0.6
American Samoa
California 262.2 2.04 262.8 1.85 -0.6 -0.22 1.3
Colorado
Connecticut 281.9 1.37 279.6 1.12 2.3 1.31 -1.9
District of Columbia 234.4 2.19 232.8 1.35 1.6 0.62 0.6
DD
DO
Delaware
Florida
Georgia 266.3 1.25 262.5 1.65 3.9 1.87 -0.2
Guam 2335 2.15 238.6 1.68 -5.2 -1.89 -14
Hawaii 262.3 1.36 262.1 0.97 0.2 0.13 -2.1
lowa
Idaho
Illinois
Indiana 283.1 1.45 275.5 1.44 7.5 3.68 * -1.7
Kansas
Kentucky 271.6 1.40 266.6 1.07 5.0 2.82* -4.8
Louisiana 259.0 1.50 252.4 1.57 6.6 3.04* 0.2
Massachusetts 283.1 1.25 277.6 1.74 5.6 259 * -4.1
Maryland 276.0 143 269.7 2.13 6.3 247 * -3.9
Maine 283.6 1.19 284.1 1.29 -0.4 -0.24 -3.8
Michigan 278.5 1.60 276.9 1.79 1.6 0.66 -1.4
Minnesota 287.7 1.44 284.0 1.34 3.6 1.83 -2.5
Missouri 273.6 1.46 273.3 1.39 0.3 0.15 -15
Mississippi 254.0 1.30 250.2 1.19 3.8 217 * -0.8
Montana 286.6 1.22 283.0 1.30 3.6 2.00 * -2.2
North Carolina 280.1 1.13 267.8 1.42 12.3 6.77 * -94
North Dakota 283.1 1.07 284.2 0.91 -1.1 -0.82 -0.5
Nebraska 280.6 1.12 282.8 1.02 -2.1 -1.42 0.8
New Jersey
New Mexico 259.8 1.74 262.0 1.22 -2.1 -1.00 -3.8
Nevada
New York 276.3 2.09 270.2 1.66 6.0 2,26 * -55
Ohio
Oklahoma
Oregon 280.6 1.65 276.3 1.47 43 1.95 -2.3
Pennsylvania
Rhode Island 273.4 1.11 268.9 0.92 4.6 3.15* -4.6
South Carolina 266.4 1.39 260.8 1.54 5.6 2.69 * -1.1
Tennessee 263.4 1.72 263.1 1.40 0.3 0.14 -0.2
Texas 274.8 1.47 270.2 143 4.6 2,26 * -0.9
Utah 275.4 1.16 276.8 1.03 -1.3 -0.86 0.2
Virgin Islands
Virginia 276.7 1.50 269.8 1.56 6.9 3.19* 2.7
Vermont 283.4 1.10 279.3 0.95 4.2 2.87* -5.3
Washington
West Virginia 270.8 1.00 264.9 1.02 5.9 413* -2.6
Wisconsin
Wyoming 276.7 1.18 274.8 0.91 1.9 1.29 -2.2




