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NAEP FULL SAMPLE AND REPLICATE WEIGHTS FROM TEACHERS
EXECUTIVE SUMMARY
Data weights are constructed in order for statistical analyses of data to correctly represent results
presented on a national scale, to accurately reflect the composition of the national population and to
provide estimated standard errors for all reported statistics. The goal of this study was to explore the
feasibility and utility of constructing full sample and replicate weights for the set of teachers whose data is
collected by the National Assessment of Educational Progress (NAEP).
Two sources of data for fourth grade mathematics teachers were compared with respect to national
averages for selected teacher characteristics: NAEP (using the reconstructed weights) and the 2010–11
Schools and Staffing Survey (SASS).1 The selected characteristics were both compared marginally and
jointly, using estimated standard errors calculated employing NAEP replicate weights and SASS replicate
weights.
There are two principal findings:
1. Using NAEP school weights as teacher weights, and with a straightforward, national calibration of the
NAEP weights to the SASS weights, the two sets of national estimates for five teacher characteristics
common to both the NAEP and SASS datasets are essentially indistinguishable. In other words, the
procedure to create teacher weights from these two sources works.
2. In general, estimated NAEP standard errors are smaller than estimated SASS standard errors. We
believe that this is largely the result of the larger sample size in NAEP.
The implications for the National Center for Education Statistics (NCES) will require careful investigation. If,
as these results suggest, NAEP has the potential to be superior to SASS as a mechanism for collecting data
about teachers, then the NAEP teacher questionnaire will require re-design, because NAEP collects only
limited information about the teachers themselves. Further discussion appears in the full text of this report.
The potential for using NAEP to explore relationships between teacher characteristics and student
performance is addressed only tangentially in this study. How such exploration might be done is illustrated
in the full text using the NAEP weights as constructed here. However, it must be stressed that the results
presented only address the question of whether teachers with different characteristics teach student
populations with different characteristics.
_________________________
1

Such characteristics must, of course, be present in both data sets; see §2.3.
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I.

INTRODUCTION

The sample design for NAEP is built for sampling schools so that accurate inferences can be drawn about
performance and attributes at the school level. NAEP does collect valuable teacher data as well. However,
correct inferences about teacher characteristics require the use of different sampling weights, i.e., weights
equivalent to those based on a design for drawing a sample of teachers, not schools. The objective of the
research presented here is to find a way to construct full sample and replicate weights for use with NAEP
teacher data, and then to evaluate the performance of these re-constructed weights. The approach taken
is to start from the NAEP school weights and, using an auxiliary source for calibration, to revise the school
weights to create teacher weights. Evaluation is based on the comparative performance of estimates (and
standard errors) produced using the reconstructed NAEP weights and estimates (and standard errors)
produced by the auxiliary source.

II.

DATA AND TEACHER CHARACTERISTICS

This study focused on fourth grade mathematics teachers in 2010–11 (for SASS) and 2011 (for NAEP).
Because most fourth grade teachers teach both mathematics and reading, there is no reason to suspect
that the results would be different for reading. Whether essentially the same sampled populations of
teachers arise for both NAEP and SASS is not completely clear; see §4 for further discussion. As described in
§1.2, a crucial assumption is that (in effect), if a school is sampled for fourth grade NAEP, then all fourth
grade teachers in that school are sampled. This assumption may not be valid for the eighth and twelfth
grades, and in any event would need to be examined more closely.

2.1

Datasets

The data employed in this study were provided to the National Institute of Statistical Sciences (NISS) by
NCES under an amendment to NISS’ existing data license. The data employed in this study were derived
from two datasets:
NAEP: The dataset M42NT1AT contains the 2011 fourth grade mathematics student and teacher data. This
file is student-indexed, and contains 214,205 records for students from 8,505 schools. There are
entries for 30,117 teachers. However, 3,278 of these contain no data, leaving 26,389 teachers. 1

If the absence of data reflects teacher nonresponse, then the nonresponse rate is 10.9%. According to NCES’ Statistical Standards,
a nonresponse bias analysis is not required. In any event, such an analysis is not possible, since NAEP does not collect frame
information for teachers. Were NAEP to become a primary data collection vehicle for teachers, this point would merit more
detailed consideration.

1
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Because of special sampling procedures associated with them, teachers from Department of Defense
and Bureau of Indian Affairs schools were dropped, leaving a final dataset size of 26,320.
The NAEP data files contain full sample and 62 sets of replicate weights for schools.
SASS: SASS files contain both full sample weights and 88 sets of replicate weights for teachers.
The SASS data contains, as separate files p ub te a11 and p rite a11, data for 37,497 public school
teachers and 4,523 private school teachers. These files were concatenated, and then, using the
variable T0075, reduced to a file containing only teachers who taught fourth grade students, of which
there are 4,368.
Based on guidance from Kathryn Chandler of NCES, the SASS data were filtered further by requiring
that EITHER
•
•

T0098 ≥ 1, corresponding to teachers in self-contained classroom OR
Any of (T0110 = 1 AND T0120 = 04), . . ., (T0119 = 1 AND T0129 = 04), corresponding to
departmentalized teachers and elementary specialists.

The resultant dataset contains 1,956 teachers.
Table 1 shows counts of teachers and sums of full sample weights for the two datasets, broken by school
control (public or private). The NAEP weights have been adjusted for teacher nonresponse. In theory, the
sums of weights, which are national estimates of numbers of fourth grade mathematics teachers, should
agree, which clearly they do not. How we dealt with this issue is described in §1.2.
During the study, we considered other filters for the SASS data:
1.

The dataset of size 4,368 was selected on the basis of only T0075 = 1. The sums of weights are
584,808.7699 for public schools and 103,343.0468 for private schools. 2

2.

Keith Rust of Westat proposed the filter T0075 = 1 AND T0090 = 102, which produces weights
sums of 191,846.5268 for public schools and 34,273.8863 for private schools.

The latter matches NAEP weights better than the NCES-provided filter, but we employed the latter because
of the expert knowledge on which it is based. See further discussion in §4.

2.2

Construction of the NAEP Teacher Weights

Reflecting previous AIR/NISS formulations of the problem, discussions with NCES personnel, and the
“Westat Memo,” 3 we adopted the “School Weight Approach.” That is, we assume that all teachers in each
relevant grade in each NAEP-sampled school are in the teacher sample, and initially, assign each teacher a
weight equal to the school full sample weight. The alternative, “Student Weight Approach” discussed in §4
may be necessary for the eighth and twelfth grades.
Because of the mismatch between totals of NAEP weights and SASS weights shown in Table 1, we calibrated
the NAEP full sample and replicate weights to have the same totals for public and private schools as the
SASS weights. The rationale for treating SASS rather than NAEP as “correct” is that SASS is designed to be
2
3

An earlier version of this report, dated June 17, 2014, employed this filter.
By this we mean the memo dated July 8, 2013 from Keith Rust of Westat to William Ward of NCES, with the subject “Analysis of
Teacher Data in NAEP.”
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nationally representative. We emphasize, however, that SASS is not—we believe—designed to be
nationally representative of fourth grade mathematics teachers. The calibration factors are:
For private schools: 39,821.5980 / 22,924.8401 = 1.7371;
For public schools: 293,825.9769 / 179,654.9696 = 1.6355.
These factors were applied to NAEP full sample and replicate weights.
There is sufficient information in the datasets to have done the calibration at the state level. Indeed, in an
earlier version of the study, that is what we did. Because in that case there was no material difference
between the two cases, we employed the simpler approach here.

2.3

Teacher Variables

There is limited overlap between the sets of teacher variables in NAEP and SASS. We employed five
variables, which effectively are the entire overlap. These are:
Race, recoded to have values Black, White and Other. (Original values were American Indian/Alaskan
native, Asian, black, Hawaiian native/Pacific Islander, white and multiple races.)
Hispanic ethnicity, with values Yes and No.
Highest degree, with original values 1 (associate degree or less), 2 (Bachelors degree), 3 (Masters degree),
4 (advanced graduate study) and 5 (doctorate or professional degree), and recoded to have the
values ≤ Bach[elors degree] and > Bach[elors degree].
Certification, a categorical variable originally with the values 1 (regular), 2 (except for probationary
period), 3 (additional coursework needed), 4 (certification program in order to continue teaching)
and 5 (none), and recoded to have the values Regular and Other.
Years of teaching experience, an integer-valued variable, recoded to ranges of 1–5, 6–10, 11–20, 21–30
and 31+. 4
There are fourteen categories when each variable is considered separately, and 120 for the variable that
results from crossing them. i.e., the full contingency table.
Table 2 shows the exact variables NAEP and SASS variables we have employed. Even though questionnaire
wording is not identical between NAEP and SASS, mapping of concordant responses is completely
straightforward.

III. RESULTS
Figure 1 shows the distributions of the calibrated NAEP weights (n = 26,320) and SASS weights (n = 1,986).
Statistical comparisons between national count estimates derived from NAEP and national count estimates
derived from SASS are made of the basis of Z-statistics of the form

In particular, the recoding removes a possible inconsistency between how NAEP and SASS treat teachers who are in their first
year.

4
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(1)
where
•

ESTNAEP is the NAEP estimate, for example, of the number of white teachers in the U.S., calculated
using the NAEP data and the calibrated NAEP full sample weights.

•

SENAEP is the estimated standard error of ESTNAEP, calculated using the 62 sets of NAEP replicate
weights.

•

ESTSASS is the SASS estimate, calculated using the SASS data and the SASS full sample weights.

•

SESASS is the estimated standard error of ESTSASS, calculated using the 88 sets of SASS replicate
weights.

Under the assumption that NAEP and SASS are independent, which we believe is plausible, and the null
hypothesis that there is no difference between distributions of the NAEP data and the SASS data, Z as
defined in (1) has approximately the distribution of |Z ∗ |, where Z ∗ is normally distributed with mean 0 and

variance 1. In Appendix A, we discuss an alternative approach using T-statistics. As elucidated there, we
believe that this approach is not appropriate.

3.1

Five Variables Individually

Table 3 contains the results of testing whether the Z-statistic defined by (1) is non-zero for each category of
each of the five variables defined in S2.3. The total number of tests is 14.
The column headings in Table 3 are nearly self-explanatory. From left to right, they are: the variable; the
category; the NAEP-estimated count and NAEP-estimated standard error; the SASS-estimated count and
SASS-estimated standard error; the Z-statistic and the associated p-value; and whether the p-value is
significant at the level .05, using the false discovery rate (FDR) method (Benjamini and Hochberg, 1995).
Even without multiplicity adjustment 5, at the .05 level, none of the 14 tests is significant. The same is true
with the FDR adjustment.
For additional insight, Table 5 contains the same estimates as in Table 3, but of proportions rather than
counts. Tests of significance have been omitted because they are the same as for counts. The final column
in Table 5 is the relative error
|EST NAEP – EST SASS |
½[EST NAEP + EST SASS ].

(2)

We conclude that the NAEP estimates and SASS estimates are, for practical purposes, statistically
indistinguishable.

5

As recommended by the NCES statistical standards.
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3.2

Five Variables Jointly

Table 4 contains the same information as Table 3, but for the 120-category variable created by fully
crossing the reduced versions of the five variables, constructed as described in §1.3. Only 71 of the 120
categories appear in this table; for the others only one of NAEP and SASS contained data, or else NAEP
estimated standard errors were unstable because of zero counts in complementary VPSUs. Even without
adjustment for multiplicity, no differences are significant!
Figure 2 shows the results of regressing the full set of 85 NAEP-estimated counts on the same SASSestimated counts. The fit is nearly perfect: r2 = .9974, the root mean square error (RMSE) is 3140, there is
no visible structure to the residuals, and the slope estimate of .9909 is nearly equal to one. However, there
is no clear explanation for the estimated intercept of 140.8, although for categories with large counts, this
is ignorable. Forcing the intercept to be zero produces a slope estimate of 1.006 with a standard error of
0.005, and an immaterially increased root mean square error of 3147.
The message remains clear: the NAEP-generated estimates and SASS-generated estimates do not differ
statistically.

3.3

Comparison of Standard Errors

Table 6 contains the ratios of the NAEP-estimated standard errors to the SASS-estimated standard errors,
for all 85 cases appearing in Tables 3 and 4. These ratios range from 0.109 to 44, with a median value of
3.766. This latter value is approximately equal to the reduction in standard errors that would be expected
on the basis of sample size alone, which is 3.640 = �26320/1986. More complete distributional
information is contained in Figure 3.

IV. ANALYSES USING THE NAEP DATA
In this section, we illustrate that the NAEP teacher weights we have constructed can be used to perform
analyses involving items collected by NAEP but not by SASS.

4.1

NAEP-Specific Variables

Table 7 is a straightforward application of the NAEP weights to estimation of counts and standard errors for
four variables present only in NAEP:





Class size;
Hours per week of mathematics instruction;
Access to computers;
Availability of resources.

In the mathematics section of the 2011 NAEP Teacher Questionnaire National Center for Education
Statistics (2011), these correspond to questions 1, 3, 13 and 15, respectively. There is nothing especially
notable about the results.
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4.2

Relating Teacher and Student Characteristics

We begin with the same disclaimer that appears in Executive Summary. The material here is descriptive,
and meant only to exemplify how availability of teacher weights for NAEP might enable exploration of
relationships between teacher characteristics—the five variables from §1.3—and student performance. The
comparisons that appear below address the question of whether teachers with differing characteristics
teach student populations with differing characteristics. They are not analyses of the performance of
individual students. Consequently, it is appropriate to weight them using the NAEP full sample teacher
weights, because the unit of analysis is teachers. No causality should be inferred from these analyses.
Indeed, in several cases, two oppositely directed causal relationships are equally plausible a priori.
The student performance variable, at the teacher level, is mean, over all pupils associated with each
teacher, of the NAEP variable MPSTM1. The latter, student-level, variable is the mean of the posterior
distribution from which the plausible values associated with the sub-score “numbers and operations” are
drawn. For more refined analyses, it would make sense to use plausible values themselves, which also
account for measurement error.
We interpret the mean, over all students taught by a teacher, of these posterior means, as a descriptor of
the population of students taught by that teachers.
The analyses were performed using the “Fit Y by X” functionality of SAS® JMP®. The same analyses can be
carried out for the four other posterior means—MPSTM2 (measurement), MPSTM3 (geometry), MPSTM4
(data analysis and probability) and MPSTM5 (algebra).
Figures 4–8 contain the results. In each, there are:




Box plots and quantiles of the student performance measure for each category of the variable;
Plots of the associated cumulative distribution functions (CDFs);
A nonparametric assessment of the statistical significance of the differences between or among the
distributions. For binary variables (Hispanic ethnicity, highest degree and certification), a
Kolmogorov-Smirnov test is employed. For variables with more than two categories, all pairwise
comparisons were made using a Wilcoxon test.

There is no need to discuss each set of results. Illustratively, for race (Figure 4) and as measured by
MPSTM1, white teachers have, on the average, higher-performing students than teachers “of all other
races,” who in turn have higher-performing students than students taught by black teachers. All differences
are highly significant. The other analyses, which correspond to Figures 5–8, can be interpreted similarly.

V.

DISCUSSION

The preceding sections show that, as long as the calibration step in §1.2 is performed, construction of full
sample and replicate weights for teachers sampled by NAEP is both simple and effective, at least for the
fourth grade. For variables common to NAEP and SASS, standard errors calculated using NAEP are smaller—
principally, we believe, because of the larger sample size.
These findings suggest that for the purpose of collecting information about teachers, NCES may wish to
consider use of NAEP as a supplement to, or even replacement for, SASS. To be sure, such a decision cannot
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be taken lightly. Some factors and issues that NCES may wish and/or need to consider if such a path were
pursued are discussed next.
1. Without question, the most important issue is the inability to “match” the NAEP and SASS weights,
which necessitates calibration of the former. It is not completely clear how close the match “should”
be, but it seems—at least without better understanding of the reasons, that it should be better than in
Table 1. Were NAEP considered as a replacement for SASS for collection of data about teachers and if
calibration were still necessary, it would have to be based on an alternative data source.
Whether the assumption that if a school is selected for fourth grade NAEP mathematics, then all fourth
grade teachers in that school are selected, may also affect this issue. (In our analyses, this assumption
was operationalized by assigning full sample and replicate school weights to teachers.) However, as
Table 1 indicates, weighted NAEP counts are lower than SASS counts, which would not arise from
including too many NAEP teachers. Table 1 also indicates that issue is more severe in private schools
than in public schools, which those with specialized knowledge may be able to explicate.
2. It is not clear that the “School Weight Approach” is applicable for eighth and twelfth graders, where
teachers are subject-specific. Nor, however, is it obvious that it is necessary to use the “Student Weight
Approach” of calculating explicitly the probability that a teacher is sampled as the probability that one
or more of the students he or she teachers is sampled, using the student weights as inverse
probabilities of selection. 6 The reason “it is not clear” is the weight calibration step requires only that
using school weights as initial teacher weights be relatively—not absolutely—correct. What is clear is
that for other grades the target populations of teachers will need to be defined very carefully.
We stress that this issue may also present even for fourth graders. While coverage for mathematics and
reading teachers may be acceptable, NAEP does not sample art or music teachers who do not teach
reading and mathematics.
3. Collection of many SASS data elements by means of NAEP may be inefficient or lead to problems with
nonresponse. Other than the five variables used throughout this study, current NAEP teacher data
pertain mainly to classroom practices, teacher roles and professional development. Collecting data such
as salaries via NAEP, at least using teacher-completed questionnaires, may result in substantial
measurement error and item nonresponse. The 2011 grade 4 nonresponse rate of 10.9% may not be a
problem, but there may be problems with more, and more sensitive, items. Collecting some teacher
data directly from schools may be an effective or efficient alternative.
4. The material in §3.2 notwithstanding, the ability of NAEP to support principled analyses of relationships
between teacher characteristics and student performance is untested. NCES may wish to convene a
Technical Expert Panel (TEP) to address this question.

This process, which the Westat memo terms an “elaborate calculation,” is in fact completely straightforward, However, it does
entail assumptions regarding how students are assigned to teachers, and also requires knowledge of how many teachers, by grade
and subject, there are in each NAEP-sampled school. This latter information does not seem to be routinely collected by NAEP, and
so an alternative source, such as the CCD or PSS, would be necessary.

6
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Appendix B: T–Statistic Analysis
It is natural to ask whether the Z-statistic-based approach employed in §2 is the proper one, given
the point of using replicate weights is to estimate standard errors for means. We believe that the Zstatistic approach is in fact the more appropriate, for reasons discussed momentarily.
For completeness, Tables 9 and 10 contains the same information presented in Tables 3 and 4,
respectively, but with significance tested using a standard independent-two-sample T statistic, with
replicate weight-based estimated standard errors substituted for sample variances. The calculated
degrees of freedom assume a “sample size” of 62 for NAEP and 88 for SASS. As is clear from these
two tables, there is only the single randomization associated with the replicate weights, leading to
the same value of the T-statistic for all tests, and therefore to the same—and not significant—value
of the T-statistic.
The salient point, we believe, is that T-statistics are suited for comparing population means when
population variances are available. Standard errors estimated using replicate weights are not
estimates of population standard deviations; rather they are estimates of the standard deviations
of population means. Therefore, we feel that the Z-statistic-based analysis in §2 is not only more
appropriate, but also more informative.
In any event, however, the message is exactly as in §2: NAEP-based and SASS-based do not differ
significantly.
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