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This proposed National Assessment of Educational
Assessment (NAEP) study analyzes the efficacy of
merging national and state NAEP samples. The goal of
merging the two samples is to provide more accurate
estimations, especially for small groups such as
SD/LEP students. The study is based on combined
samples of the 1998 NAEP 8" Grade Reading
Assessments. The National reading reporting sample
contains 11,193 students, and the State reading
reporting sample contains 91,206 students, making the
combined sample size 102,399. Both national and state
assessments used the same instruments and were
administered with similar procedures. Section 1
describes the combining procedure.

The study addresses dtatistical factors that
influence design effects in educational assessments. Of
the factors that can influence design effects, such as
stratification, multistage effects, clustering, and
unequal weighting, the latter two are the most critical.
Other factors that can impact design effects when
merging samples are sample type, post-stratification,
and inclusion rate in the subpopulation. See Section 2.

The impacts of combining NAEP samples are
tradeoffs between efficiency and precision. Although
the efficiency of combined sample will not be as high
as that of the National sample, since the sample size of
a combined sample will be much larger than origina
National sample, the estimates in reporting results will
have higher precisions. Especialy, the power to
measure the performance gaps of student groups of
interest will increase significantly. See Sections 3 and
4,

1. Combining NAEP Reading National and State
samples
A pre-condition for merging two samples is that
they are equivalent (Spencer, 1997). This means two
assessments  should have same goa, similar
instruments, scoring based on similar rubric-related
features. Moreover, the two tests should be
administered and supervised under similar conditions.
Combining 1998 NAEP reading National and State
samples consists of two stages. i) analysis of the
equivalence between National and State samples, and
i) combining National and State samples.
i) Analysis of the equivalence between National and

State samples

First, the scale scores of the NAEP State samples
are linked to the scale scores of the NAEP National
samples (Allen et al, 2001). Then a check of the
equivalence of the Nationa and State samples is
implemented. Results show that, after linking process
transformation, the indeterminacy between national and
state scales are diminished. By anayzing the data of
the 1998 reading assessments, the combined sample
and the National sample have very close distributions
for main reporting groups, such as total, gender and
ethnicity. In addition, the mean scale scores for the
main groups from National Sample and State samples
are very close in values.
ii) Combining National and State samples

To merge the NAEP National and State samples, a
set of optimized shrinkage weights was created. Let

Y., and Y, are the mean estimates from subsample
i of National and State samples, composite estimator for
subsampleiis y . =y, +(1-a)Y, . The cacula-

tion of optimized weights varied for subsamples of
interest. The set of shrinkage weights allows mean
statistics to have minimum variance estimates (Qian &
Spencer, 1993; Cohen & Spencer, 1991)

2. Measures of efficiency and precison for
combined sample

To measure efficiency of sampling, Kish (1965)
defined design effect (DEFF) as a ratio of the variance
of a statistic from complex samples over the variance
of the statistic from simple random samples. It isalso a
useful tool to analyze the efficiencies of the domainsin
combined samples. Likewise, relative precision can
also be used to measure precision of estimates from
combined sample. It is defined as a ratio of the
variance from the combined sample over the variance
from the National sample (Cochran, 1977).

Several statistical factors will influence relative
precison and design effects in educationa
assessments. They are factors of stratification,
multistage effects, clustering, and unequal weighting.
The last two are the most critical. Other factors that can
impact precision and efficiency when merging samples
are sample type, post-stratification, and inclusion rate
in the subpopulation (Spencer and Liu, 1998).

The clustering effects are generally the dominant
cause of relative precision and design effects, which
can be approximated by



1+(M-1)p

for mean estimates, where M is the average cluster size
and p is the intracluster correlation (Cochran, 1977,

209). Therefore, a large cluster size or large intracluster
correlation will inflate the clustering effects.
The effects of unequal weighting can be expressed

by coefficient of variation of the mean of weights w :
deff,, =1+CV/
where CV,, is coefficient of variation of weights (Kish,

1992; Cochran, 1977). This formula assumes that the
inclusion probabilities are unrelated to the measurements
of interest. The effects of unequal weighting are
determined by the variation of weights across primary
sampling units (PSU). The effects of unequal weighting
are usually stable, ranging from 1.2 to 1.3. The results
of the combined samples are consistent with the
findings in most of the NAEP assessments.

3. Resultsfor the NAEP combined samples
Some of the findings in the analysis of the 1998

NAEP reading combined samples are in Tables 1 and

2.

i) Table 1 shows the design effects for 1998 Reading

Assessment, Grade 8. By applying poststratified
weights, the average design effect for non-SD/LEP
student group (A2 or A3 on the Table) is17.6. The
average design effect for the combined sample
(Totd) is 16.5; and that for the SD/LEP student
group (B2 on the Table) is 5.1. The design effects
for non-SD/LEP students are the largest among
three types of students.
The large design effects for non-SD/LEP students
are largely due to their large clustering effects.
First, cluster sizes for non-SD/LEP students are
usualy large. Second, compared with the SD/LEP
students, the non-SD/LEP students are relatively
homogenous in scade scores. The high
homogeneity in clusters implies alarge intracluster
correlation. Everything else being equal, the large
clustering effects, due to a large intracluster
correlation, will boost the design effects in the
reporting samples.

i) Table 2 gives out the relative precision for tota
sample and for the main groups of interest. The
caculations are based on design effects and
sample sizes of different groups. On average, the
variances of means for the combined sample will
be around 39% of those for the National sample.
The variances for non-SD/LEP students in the
combined sample will be around 41% of those for
the Nationa sample. And those for SD/LEP
students in combined sample will be about 24.7%

of those for the National sample.

iii) Post-stratification of weights also reduces the
design effects. The results in the Tables show that
the variances of estimates applying poststratified
weights tend to be smaller than those applying
non-poststratification weights.

4. Conclusions

The results in i) of Section 3 show that, if the
combined sample and the National sample are at same
level of sample sizes, the combined sample will have a
lower efficiency than the National sample. However,
the actual sample size for the combined sample is much
larger.

The analysis of relative precision in ii) of Section 3
show us that, athough the design effects for the
combined samples were large, the estimates will have
smaller variances than those obtained from the
National sample or State samples because the
combined sample size isamost ten times as large.

For 2002 and beyond, NAEP will use combined
sample to report assessment results. This study has
provided a preview of the effects of using combined
samples in NAEP assessments. Combined sample will
increase the power to measure the performance gapsin
study.

The methodology in this study provides a basis for
analyzing the efficacy of merging NAEP National and
State samples. The analysis of design effects will help
researchers to optimize their design, minimizing cost
for a specified precision.
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Table 1. Design Effectsfor Combined Reporting Samples and Subsamples
For 1998 NAEP Grade 8 Reading Assessment

Poststratified Not Poststratified

Subsamples Total  A2* A3* B2* Tota  A2* A3* B2*
Main Reporting Groups

Tota 1999 2680 17.98 587 3246 3513 1972 6.08
Mae 1250 1611 1384 471 17.69 2043 1428 459
Femae 1393 1582 895 534 21.25 1964 1049 559
White 2361 2111 1420 6.8 26.17 2325 1416 819
Black 651 677 1114 237 706 733 939 216
Hispanic 11.04 754 716 551 1069 768 728 501
Large City 1429 1259 2401 1291 1493 1394 2167 1151
Mid Size City 3545 6351 1341 582 4168 7103 1458 464
UF Large City 1297 963 1835 595 11.77 1011 1756 5.82
UF Mid City 1525 1633 2512 214 1566 1544 2566 1091
Large Town 1641 664 2229 214 1660 664 2175 262
Small Town 1675 877 1127 213 1727 957 1083 182
Rural Area 36.78 4471 1520 1155 4447 4920 16.17 12.62

Table2. The Relative Precision for Combined Reporting Samples and Subsamples
For 1998 NAEP Grade 8 Reading Assessment (in percent)

Poststratified Not Poststratified

Subsamples Total  A2* A3* B2* Total  A2* A3* B2*
Main Reporting Groups

Tota 412 416 3715 171 677 545 411 177
Male 370 372 409 203 523 472 422 198
Female 485 486 339 201 804 603 397 210
White 56.7 568 398 327 733 626 397 407
Black 279 532 279 136 177 576 235 124
Hispanic 167 159 364 254 529 162 360 231
Large City 153 136 587 709 365 151 530 632
Mid Size City 639 911 464 267 N/A** 1019 504 213
UF Large City 219 182 393 319 252 192 376 312
UF Mid City 454 708 754 200 470 670 771 178
Large Town 82 N/A** 225 N/A** 16.7 N/A** 219 N/A**
Small Town 860 321 307 176 471 350 295 151
Rural Area 761 757 419 385 1224 832 445 421

* A2 and A3 are two subamples of non-SD/LEP students in reporting; B2 is a subample of SD/LEP
students without providing accommodationsin tests.
** N/A: The nature of the sample does not allow accurate calculation of the statistic of relative precision.



