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An Investigation of Linking a State Assessment to the 2003 National Achievement of
Educational Progress (NAEP) for 4" and 8" Grade Reading

Background

Over a decade researchers have investigated the feasibility of linking distinct
assessments and related psychometric issues. Various types of linkages have been
defined and discussed in the literature (Mislevy, 1992; Linn, 1993). Perhaps the most
enduring and frequently cited example of linking is the “concordance” relationships
between the two college entrance examinations, ACT and SAT (Dorans et al, 1997;
Dorans, 1999; Pommerich et al, 2000; Hanson et al, 2001; Kolen and Brennan, 2004).
Another well known example of linking relationship is between NAEP and the Third
International Mathematics and Science Study (TIMSS) (Johnson et al, 1998a, 1998b,
2002). With the high-stakes accountability requirements under the No Child Left Behind
Act of 2001 (NCLB) and the declaration that progress on state assessments be confirmed
by state results on NAEP for 4™ and 8" grade students, an Ad Hoc Committee was
established by the National Assessment Governing Board (NGAB) in 2001 to explore the
new role of NAEP. Through careful review, the Committee report (2002) concludes that
NAEP can serve as a source of confirmatory evidence effectively for state test results.
This effort reflects a broad, underlying interest by federal and state policymakers and
many Americans to know how each state is performing in relation to high national or
international benchmarks of student academic achievement.

Linking test scores from distinct tests through statistical procedures, such as
calibration, projection, and moderation, must satisfy certain requirements to support
interpretable and valid comparisons (Mislevy, 1992; Linn, 1993; Ercikan, 1997). Many
point out that the accuracy of such kind of linkage strongly depends on the context of the
assessments, the groups used for calculating statistics, and the time of administering the
tests (Linn, 1993; Kolen and Brennan, 2004). Most importantly, the two linked tests
must measure similar constructs and share overlapping content domains for a quality
linkage (Dorans et al, 1997, Ercikan, 1998; Johnson et al, 1998, 2002). Through a careful
review of two studies of linking state assessments to NAEP by Linn and Kiplinger (1994)
and by Ercikan (1998), the Committee on Equivalency and Linkage of Educational Tests
(1998) advises, when a distribution-matching method is used, the two tests should have
the same format and content, and students taking the tests should be randomly assigned
from a single population at the same time under the same conditions. Kolen and Brennan
(2004) indicate thinking about linking in terms of degree of similarity of inferences,
constructs, populations, and measurement characteristics and conditions. Perhaps the
most distinct feature of the four degrees of similarity is its explicit incorporation of
inferences, such as intended testing purpose, score reporting, and the ‘stakes’ associated
with a test. They suggest that all important topics must be addressed in conducting a
linking study, from data collection design, statistical methods employed, to related
assumptions. The most enduring and frequently cited example is the linkage between
two college entrance examinations, ACT and SAT (Dorans et al, 1997; Dorans, 1999;



Pommerich et al, 2000; Hanson et al, 2001; Kolen and Brennan, 2004). A common-
group design was applied for data collection with a large sample of 100,000 students who
took both tests. The study involved eight circles of linkages and differentiated three
classes of statistical correspondence: equivalence, concordance, and prediction,
depending on rational content considerations and empirical statistical relationships of
scores on sub-tests (e.g., ACT Reading, SAT-I Verbal) and the composite scores. Dorans
et al (1997, 1999) point out that the two linked tests must measure similar constructs;
otherwise, scaling is merely a mathematical operation applied to two sets of data to match
test score distributions.

Among a range of perspectives and statistical methods, equipercentile is the
commonly used procedure in practice. Kolen and Brennan (1995, 2004) denote four
advantages of the equipercentile method over the mean, linear, and parallel-linear
methods for linking: (1) equipercentile equivalents are within the range of observed
scores to avoid the out-of-range problem that can occur with other methods; (2) the
relationships between linked tests are not assumed to be linear; (3) the cumulative
distribution function of X-scores is approximated by the cumulative distribution function
of Y-scores; and (4) the moments for transformed scores are approximately the same as
that for Y.

Methods of the Study

Purpose of the Study

The present study is an investigation to link 2003 test scores on the Delaware
Student Testing Program (DSTP) to the 2003 National Achievement of Educational
Progress (NAEP) in 4™ and 8" grade reading to facilitate interpretable comparisons of
test results and assemble external validity evidence for student performance on the state
assessment. The accuracy of linking and the property of invariance are examined across
subgroups. Measurement issues of using NAEP data to validate state test results through
linking procedures are discussed.

Assessments

The DSTP reading is a statewide assessment that is administered annually to
students of grades 2 through 10. Test scores are reported on a developmental scale,
ranging approximately from 150 to 800 across grades. In 2003, five performance levels:
Well Below the Standard, Below the Standard, Meets the Standard, Exceeds the
Standard, and Distinguished, were used for grade 8 to report student progress toward the
standards. The test results served as the primary indicator for high-stakes accountability
at the student (e.g., promotion, summer school, Individual Instructional Plan), and district
and school levels (e.g., sanction). For grade 4, student performance was reported in three
categories: Unsatisfactory and Satisfactory with a narrow error band for Warning, for
instructional improvement (Table 1).



The 2003 NAEP state assessment was the first administration under the NCLB
with all 50 states participating. To allow maximum coverage of reading abilities, while
minimizing the time burden for individual student, NAEP uses matrix sampling of items
and a procedure for distributing blocks across test booklets that control for position and
context effects. Test scores are weighted to accurately reflect the student demographics
for reporting at the state level. Five plausible values (PV) are generated to estimate
student performance on a scale ranging from 0 to 500. Four achievement levels: Below
Basic, Basic, Proficient, and Advanced, are reported for both grades 4 and 8 (Table 1).

Test Administration

The NAEP reading was administered during a 6-week testing window from late
January to early March. A random sample of Delaware students was selected to
participate in the 2003 NAEP administration. “NAEP is a timed assessment administered
in English to groups of students. Timing is a critical component of standardizing an
assessment across the country” (NAEP 2003 AA Manual). The 2003 NAEP reading has
ten 25-minute blocks with one or two reading passages accompanied by a set of
comprehension questions per block. Each student’s test booklet contains two blocks and
one 20-minute background section on content related questions and family background.

The DSTP reading was given by the end of March in 2003 to all public school
students of grades 4 and 8. The assessment had four sessions in two days of testing. The
DSTP reading is untimed. Even though testing time for each session is recommended to
manage the administration, extended time is permitted as needed.

Samples of Students

Two NAEP data files were received from the National Center of Educational
Statistics (NCES) for Delaware public schools. The grade 4 NAEP sample includes
2,959 Delaware public school students and the grade 8 NAEP sample includes 2,496
students. In the case of NAEP sampling procedure, Delaware public schools were
stratified first on the school location and second on minority characteristics of the student
population. To inspect possible sampling errors, two DSTP data files were generated per
grade: the first DSTP file includes the population of 7,000-9,000 students of each grade;
the second DSTP file includes all students from the NAEP sample schools since
individual identification is not available from the NAEP data files. Students who did not
earn a valid score were excluded from the corresponding data file in this study. In
addition, students who were tested with accommodations that change the test construct,
such as reading the passages to the student, are excluded from the DSTP data.

Table 2 presents the percentage of schools and subgroups of students in the
population and in the sample by grade. The NAEP sample includes 83% of the Delaware
schools in grade 4 and 49% of the schools in grade 8. For grade 4, the proportions of
male and female students in the NAEP sample are the same as in the population.
However, the NAEP sample seems to over-represent black students by 3% (34% vs.
31%), but under-represent white students by 5% (55% vs. 60%). In addition, the NAEP



sample has 2% more English Language Learner (ELL) students than in the population,
but slightly less students with disabilities (SD). For grade 8, NAEP includes more male
students (53% vs. 51%), but less female students (47% vs. 49%) in the sample.
Conversely, the NAEP sample seems under-represent black students (28% vs. 32%), but
over-represent white students (63% vs. 60%) compared with the student population.
Similarly, slightly more ELL students are included in the NAEP sample; but 4% less SD
students than the population.

Methods and Process for Analysis

This study utilizes the common group design to link the DSTP scale scores to the
NAEP plausible values using the equipercentile procedure. Since student identification is
not available from the NAEP data files, the Delaware sample matched the NAEP sample
at the school level under the assumption of an equivalent group of students who took both
NAEP and DSTP.

The analysis is comprised of three phases: Content Link, Comparison of Testing
Conditions, and Statistical Link.

(1) Content Link: The similarity of test construct is essential in linking district
tests to support the interpretable and valid comparisons. In this study the Three-Level
Content Link Model (Zhang, et al, 2003, 2007; Zhang, 2008) is used for collecting
validity evidence to determine the similarity of test construct between the NAEP and the
DSTP reading tests. The content link involves the comparison of the NAEP Reading
Framework and the Delaware Content Standards of English language arts for alignment,
the comparison of test specifications for overlapping content, and the comparison of
sample questions from each test for similarity of internal structure.

(2) Comparison of Testing Conditions: Test administration is an important
component in educational testing. Standardized procedures ensure the accuracy and
comparability of score interpretations and provide equal opportunity for all students
(Standards for Educational and Psychological Testing, 1999). In this study, test
administration conditions are compared between NAEP and DSTP, such as testing time
and accommodations.

(3) Statistical Link: The statistical link is performed using unsmoothed
equipercentile procedures described by Kolen and Brennan (1995, 2004). To examine
the property of invariance, independent linking is conducted for gender (male and
female) and for race/ethnicity (black and white). The process for statistical linkage is
described below:

» Link the distribution of the DSTP scale scores to the distribution of the average of
five PVs of NAEP.



Where

To inspect the possible sampling errors, the correspondences of separate linking
functions obtained from the NAEP sample schools are compared with the linking
functions from the population.

To examine the property of invariance, independent linking functions obtained
from the subgroup, such as male and female, are compared with the linking
functions from the whole group.

The standard error of linking is estimated by utilizing the formula below by
Petersen, Kolen & Hoover (1993, p.251); where ¢ is the ordinate of the standard

normal density at the unit-normal score of z, below which p of the cases fall.
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Two statistics, Root Mean Square Difference (RMSD) and Root Expected Mean
Square Difference (REMSD) by Dorans and Holland (2000) are calculated to
summarize the differences between the transformation functions obtained from
the total group and from subgroups.
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e,(v) represents scores of test Y to the scale of test X' for the total group
e, represents scores of test Y to the scale of test X

e,; represents scores of test Y to the scale of test X for subgroup p;

wy is the ratio of the subgroup to the total group

dxp 1S the standard deviation of test X

To examine the accuracy of established relationships between NAEP and DSTP
reading scores and to what extent such relationships can be used to confirm
student achievement on the state assessment with the results of NAEP, a
validation is conducted. The three years (2003, 2005, and 2007) NAEP state
reading scores are estimated with the corresponding year’s DSTP mean scores
using the concordance table for all subgroups. The accuracy of estimation and the
size of residuals are compared by subgroups and across grades.



Results and Discussion
Content Link

The NAEP Framework of Reading sets forth a broad definition of “reading
literacy” that includes developing a general understanding of written text, thinking about
it, and using various texts for different purposes. In addition, the framework views
reading as an interactive and dynamic process involving the reader, the text, and the
context of the reading experience. The “Contexts for Reading” dimension provides
guidance for the types of texts: (1) Reading for Literary experience, (2) Reading for
Information, and (3) Reading to Perform a Task (for grade 8 only). The “Aspects of
Reading” dimension provides guidance for the types of comprehension questions for
cognitive levels: (1) Forming a General Understanding, (2) Developing Interpretation,
(3) Making Reader/Text Connections, and (4) Examining Content and Structure.

The two reading standards of the Delaware Content Standards in English
Language Arts state that “students will construct, examine, and extend the meaning of
literary, informative, and technical texts through reading” and that “students will use
literary knowledge accessed through print and visual media to connect self to society and
culture.” The DSTP reading test is designed to measure these two standards. Three types
of reading passages, (1) Literary, (2) Informative, and (3) Technical, are used in the
assessment. The depth of reading comprehension is measured by three stances: (1)
Determining Meaning, requiring the reader to demonstrate an overall understanding of
the text, (2) Interpreting Meaning, requiring the reader to go beyond the initial
understanding to develop an interpretation of the text, and (3) Extending Meaning,
requiring the reader to stand apart from the text and critically consider it. This includes
critical examination, evaluation, and analysis; and demonstration of a more complete
understanding of the text based on the reader’s personal experience and focus on how the
reader personally connects to the text.

The content link at the standards level shows great similarities between the NAEP
Framework and the Delaware Content Standards in Reading. Both NAEP and DSTP
target three types of texts: Literary, Informative (or Informational), and Technical (or
Reading for a Task) and measure student understanding of the texts in three levels of
comprehension. However, the technical passages are only given to 8" graders on NAEP.

Tables 3a and 3b display the distributions of reading passages by text type and the
distributions of test questions by stance for the DSTP; Tables 3c and 3d present the
distributions of context for reading and aspect of reading for NAEP by grade. In grade 4,
51% of the 2003 NAEP reading texts are Literary and 49% are Informational; while the
2003 DSTP contains 11 reading passages, 4 Informative (36%), 4 Literary (36%) and 3
Technical (27%). In grade 8, 40% of the 2003 NAEP reading texts are Informational,
29% are Literary, and 31% are To Perform a Task; while the 2003 DSTP contains 11
reading passages, 5 passages are Informative (44%), 4 are Literary (35%), and 2 are
Technical (21%). NAEP combines the first two types of comprehensive questions in its
test specifications: Forming a General Understanding and Developing Interpretation; the



DSTP combines the last two types of comprehensive questions: Extended Meaning and
Connecting Meaning. It is found that the majority of NAEP questions require Forming a
General Understanding and Developing Interpretation (68% for grade 4; 59% for grade
8); while the majority of the DSTP questions at the level of Interpreting Meaning (41%
for grade 4; 50% for grade 8).

The item-level link provides detailed information about the features of reading
texts, the context of test questions, and scoring rubrics for constructed-response
questions. One reading passage per grade and selected attached questions from NAEP
and DSTP are presented in the Appendix A-1 and A-2 for grade 4 and 8, respectively.
The sample passages selected from each test are the same type of text, Informational
passage for grade 4; Literary passage for grade 8. The sample questions measure various
comprehension levels and in different formats. The context and structure of test
questions are also similar when they measure the same comprehension level. Both NAEP
and DSTP wuse multiple-choice and constructed-response questions. However,
discrepancies in scoring rubrics for constructed-response questions are observed.
Constructed-response questions are of two types for NAEP: short, requiring a one or two
sentence answer; and extended, requiring a paragraph or full-page response. Scoring
rubrics are of three scales: dichotomous (acceptable and unacceptable); three points
(evidence of full comprehension, evidence of partial or surface comprehension, and
evidence of little or no comprehension), and four points (extensive, essential, partial, and
unsatisfactory). Constructed-response questions are of two types for DSTP: short
answer (0-2) and extended constructed-response (0-4). Unlike the DSTP, some NAEP
reading passages and questions are given to students at more than one grade or age level.
These passages and questions are referred to as, for example, between grade 4 and grade
8 (NAEP Cross Grade Questions Information, NAEP Questions Tool Help, 2007).

Comparison of Testing Conditions

Within a 6-week testing window of January through March 2003, a random
sample of Delaware students was selected to participate in the 2003 NAEP reading.
“NAEP is a timed assessment administered in English to groups of students. Timing is a
critical component of standardizing an assessment across the country” (NAEP 2003 AA
Manual). The 2003 NAEP reading has ten 25-minute blocks with one or two reading
passages accompanied by a set of comprehension questions per block. Each student’s
test booklet contains two blocks or one 50-minute block and one 20-minute background
section on content related questions and family background. In 2003, only samples of
students where accommodations were permitted according to the NAEP inclusion rules
because of student disabilities or identified as being a limited-English-proficient student
(LEP) and/or was normally offered accommodations in other assessment situations.

The DSTP was given to all Delaware public school students of grades 4 and 8 at
the end of March of 2003. The reading assessment contained four sessions which were
administered in two days. Every student took the same full-length test form, except the
field test items. The DSTP is untimed. Although testing time is recommended for each
session due to management reasons, extended time is permitted when it is needed. To



improve the accessibility with at least 95% of participation to the statewide assessment,
accommodations are provided for students with disabilities (SD) and for students as an
English Language Leaner (ELL). For instance, individual test administration and special
test forms, such as Large-Print, Braille, and translated Spanish version, are available to
meet the special needs. If the accommodation changes the test construct, for example,
reading the reading passages to a student for the reading test, test scores are considered
invalid for aggregation.

Statistical Link

The statistical linkage was performed using the equipercentile procedure. The
linking function is an equipercentile linking function if the score distribution on X-test
converted to the Y-test scale is equal to the score distribution on Y-test in the population
(Kolen & Brennan, 1994). In this study, the equipercentile linking functions were
developed by identifying the scale score on the DSTP that had the same percentile rank
as the average plausible value on the NAEP scale. In case no student earned a particular
score on a distribution and the corresponding percentile rank might not be unique, the
median was chosen. The primary linking procedure was conducted using the DSTP scale
scores based on the sample that matched the NAEP sampling schools. The primary
linking relationships were compared with the linking relationships based on the grade
population to inspect possible sampling errors and compared with the linking
relationships for subgroups to examine the population invariance of linking. Two
indices, standardized Root of Mean Square Difference (RMSD) and the standardized
Root of Expected Mean Square Difference (REMSD), were also used to examine the
population invariance of linking for all subgroups. The RMSD is associated with a
particular score; while the REMSD summarizes the overall difference for the entire

group.

(1) Descriptive Statistics: Table 4a presents the descriptive statistics of the DSTP
reading scores for the population and the sample that matched the NAEP sampling
schools by grade. Table 4b shows the descriptive statistics of the NAEP five plausible
values and the average plausible values by grade. The descriptive statistics for subgroups
are presented in Table 5 by test and grade. The standard mean difference (SMD)
indicates that female students scored higher than male students on the DSTP by 6 and 12
score points, respectively for grade 4 and grade 8. Similarly, females performed higher
than their counterparts on NAEP by 4 and 10 score points for grades 4 and 8,
respectively. White students scored over 20 score points higher than black students
across grades on both DSTP and NAEP. Descriptive statistics (Tables 4a and 4b) and the
relative frequency distributions of test scores (Charts 1 to 4) suggest that the DSTP scale
scores and the NAEP plausible values are both slightly negatively skewed. The plots in
Charts 5 to 8 illustrate a nearly straight line between the NAEP plausible values and the
DSTP scale scores, indicating a strong relationship between the two scores.

(2) Statistical Link for Grade 4: Table 6a shows the results of linking the DSTP
scale scores, based on the sample from the NAEP sampling schools and based on the
grade population, to the average plausible values of NAEP at selected percentile ranks.



The three NAEP cut scores are located at the percentile rank (PR) of 27 (cut score=208)
for Basic, PR-68 (cut score=238) for Proficient, and PR-95 (cut score=268) for the
Advanced level. The corresponding linking functions are 448.5, 485.5, and 519 on the
DSTP scale. The linking equivalents (Table 6a and Appendix B-1) derived from the
sample are consistent with the equivalents from the population with slight discrepancies
(0-1 score point) between the PR-5 and PR-90. The results also suggest that the linking
functions for the sample are consistently, but slightly higher than the linking functions for
the population, particularly between the PR-1 to the PR-70.

Independent linking was conducted for gender groups. The linking results for
males at selected percentile ranks are presented in Table 6b as well as in the Appendix B-
1 (Concordance Table for Grade 4 Reading by Gender). The linking relationships based
on male students from the NAEP sample schools are compared with the linking
relationships based on the subgroup of males. The results suggest that the linking
functions are consistent with each other with the discrepancies of 0-3 score points except
PR-1. The results also show that the linking functions for the sample are constantly, but
slightly higher than the population. Comparing the linking relationships with the total
group, it is found that that the linking functions for males are consistently lower than the
linking functions for the total group with the discrepancies up to 4 score points between
the PR-5 to PR-96. The difference of linking functions is 3 score points at the PR-50 and
at the first quartile (PR-25), and 3.5 points at the third quartile (PR-75). Using the NAEP
achievement levels as references, the cut score is located at the percentile rank of 29 for
Basic, based on the linking relationships for males, instead of PR-27 for the total group,
at the PR-71 (instead of PR-68) for Proficient, and at the PR-96 (instead of PR-95) for
Advanced. The corresponding linking functions are 446.5 (in a range of 446-447), 484.5,
and 519, respectively, for the three NAEP achievement levels.

The linking results for females at selected percentile ranks are presented in Table
6¢ as well as in the Appendix B-1 (Concordance Table for Grade 4 Reading by Gender).
The linking functions based on the sample of females from the NAEP schools are nearly
identical to the linking functions for the female subgroup from the population,
particularly between the PR of 1 and 80 with the maximum discrepancy of 1 score point.
Compared with the whole group, the linking functions for females are consistently higher
than the linking functions for the whole group with discrepancies up to 2.5 score points
between the PR-10 and PR-90. The discrepancies increase to up to 5 points at the
extreme ends of the scale. The difference of linking functions is 2 score points at the PR-
50 and at the first quartile (PR-25), and 2.5 points at the third quartile (PR-75). Using the
NAEP achievement levels as reference, it is found that the cut score is located at the
percentile rank of 26 for Basic, based on the linking relationships for females, instead of
PR-27 for the total group, at the PR-65 (instead of PR-68) for Proficient, and at the same
PR-95 as the total group for Advanced. The corresponding linking functions for females
are 449.5 (in the range of 449-450), 484.5, and 524, for the three NAEP achievement
levels.

Comparing the separate linking relationships across genders; the linking functions
for males are constantly lower than the linking functions for females with the



discrepancies of 4-6 score points between the PR-10 to PR-90. Chart 9 provides a
visualized view of the linking functions from independent linkage for the total group and
for genders. The three plots show a very similar shape with the plot for the total group in
the middle; the one for males on the left and the one for females on the right. A DSTP
score of 467.5 near the mean is converted to the NAEP plausible value of 224 for both
male and female as for the total group, but the score is located at different percentile
ranks, 48 for the total group, 51 for male, and 45 for female. A DSTP score of 444 near
the first quartile is converted to the NAEP score of 204.5 for the total group, 205 for
male, and 206 for female. Similarly, a DSTP score of 491 near the 75 quartile is
converted to 243.5 for the total group, 245 for male, and 244 for female on the NAEP
scale.

Independent linking was also conducted for racial/ethnicity groups. The linking
results for black students at selected percentile ranks are presented in Table 6d as well as
in the Appendix B-1 (Concordance Table for Grade 4 Reading by Race). The linking
functions obtained based on black students from the NAEP sample schools are consistent
with the linking functions based on the subgroup of black from the population. The slight
(no more than 1 score point), but constantly lower linking functions are found for the
sample than the linking functions for the population. Compared with the total group, the
linking functions for blacks are consistently and considerably lower with the maximum
discrepancy of 20.5 score point at the PR-65. The differences of linking functions
increase gradually from the lower end to near the third quartile and then decrease. Based
on the linking relationships for blacks, the cut scores for the NAEP achievement levels
are located at the percentile rank of 46 (instead of PR-27) for Basic with the
corresponding linking equivalent of 448 and at the PR of 86 (instead of PR-68) for
Proficient with the corresponding linking equivalent of 486.5. The cut score for the
NAEP Advanced level (cut score=268) is beyond the highest score earned by black
students in 2003.

The linking results for white students at selected percentile ranks are presented in
Table 6e as well as in the Appendix B-1 (Concordance Table for Grade 4 Reading by
Race). Similar to the other subgroup, the linking functions obtained based on white
students from the NAEP sample schools are consistent, but slightly lower (no more than
1 score point) than the linking functions obtained based on the subgroup of white from
the population. Compared with the total group, the linking functions for whites are
consistently and noticeably higher than with the discrepancies up to 12.5 score points.
These differences are in a range of 10-15 score points between the PR-1 and the PR-40.
According to the linking relationships for white, the three cut scores for the NAEP
achievement levels are located at the percentile rank of 15 for Basic instead of 27 for the
total group, at the PR-56 (instead of PR-68) for Proficient, and at the PR-93 for
Advanced. The three corresponding linking functions are 444, 483.5, and 519.

Comparing the separate linking relationships between the racial groups; it is
found that the linking functions are consistently and significantly lower for black students
than for white students across the scale. Chart 10 provides a visualized view of the
linking functions from independent linkage for the total group and the racial/ethnicity
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groups. The three plots show a very similar shape with the plot for the total group in the
middle. The plot for white students is closer to the total group with more distance shown
between the PR-1 and the PR-40; the plot for blacks is to the very left from the plot for
the total group with more distance between the PR-45 and the PR-75. A given DSTP
score of 467.5 near the mean is converted to the NAEP plausible value of 224 for the
blacks at the PR-70 and 225 for the whites at the PR-36. A DSTP score of 444 near the
first quartile is converted to the NAEP score of 204.5 for the total group, 205 for black,
but 208 for white. Similarly, a DSTP score of 491 near the 75 quartile is converted 243.5
for the total group, 242.5 for blacks (in the range of 242-243), and 244 for whites.

The standard errors of linking were estimated for grade 4 and the results at
selected percentile ranks are presented in Table 7. For example, the linking error is 0.77
for the NAEP and 0.99 for the DSTP at the cut point for the NAEP Basic, 0.78 and 0.98,
respectively, for Proficient, and 1.33 and 1.43, respectively, for Advanced. The property
of population invariance of linking was examined by using the standardized Root Mean
Square Difference (RMSD) for the individual scores and the standardized Root Expected
Mean Square Difference (REMSD) for the overall test. The RMSD is of a range of
0.0208 to 0.1560 for males; 0.0104 to 0.1040 for females; 0.1146 to 0.34439 for blacks;
and 0.0525 to 0.2941 for whites. The RMSD of 0.0728 indicates that the standard
difference of linking functions is about 7% out of a standard deviation between the whole
group and males at the cut point for the NAEP Proficient. Similarly, the standard
difference of linking functions is about 3% between the total group and female
(RMSD=0.0312), but 33% (RMSD=0.3275) between the total group and black students,
and 14% (RMSD=0.1365) between the total group and white students. The REMSD
provides an overall index of the population invariance of linking relationships for the test,
which is about 7% out of a standard deviation between the whole group and males and
4% between the whole group and females. Such difference increased to 27% between the
whole group and blacks and 18% between the whole group and whites. When combining
the subgroups, the REMSD is 0.0595, indicating the overall difference of linking
relationships is about 6% out of a standard deviation for gender; the REMSD is 0.2320,
indicating the overall difference of linking relationships increased to 23% for the
subgroups of black and white students.

(3) Statistical Link for Grade 8: Table 8a shows the results of linking the DSTP
scale scores, based on the sample from the NAEP sample schools and based on the grade
population, to the average plausible values of NAEP at selected percentile ranks. The
three NAEP cut scores are located at the percentile rank (PR) of 21 (cut score=243) for
Basic, PR-68 (cut score=281) for Proficient, and PR-98/99 (cut score=323) for Advanced
with the corresponding linking functions of 489, 535.5, and 590 (in the range of 586.5-
598.5) on the DSTP scale. The linking functions (Table 8a and Appendix B-2) derived
from the sample are consistent, but slightly higher than the linking functions obtained
from the population with the maximum discrepancy of 1.5 score points between the PR-5
and PR-99.

Independent linking was conducted for gender groups. The linking results for
males at selected percentile ranks are presented in Table 8b and in the Appendix B-2
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(Concordance Table for Grade 8 Reading by Gender). First, the linking relationships
based on the male students from the NAEP sample schools are compared with the linking
relationships based on the subgroup of males from the grade population. The linking
functions for the sample are consistent, but slightly higher than the linking functions for
the male subgroup with the maximum discrepancy of 2 score points. Compared with the
total group, the results show that the linking functions for males are consistently lower
than the linking functions for the total group with the discrepancies of 4-6.5 score points.
The difference of linking functions is 4.5 points at the percentile rank of 50, and 5.5
points at the first quartile (PR-25), and only 1 point at the third quartile (PR-75). Using
the NAEP achievement levels as references, the cut score is located at the percentile rank
of 25 for Basic, based on the linking relationships for males instead of PR-21 for the total
group, at the PR-74 (instead of PR-68) for Proficient, and at the PR-99 (instead of PR-
98/99) for Advanced. The corresponding linking functions are 498, 536.5 with the range
of 536-537, and 592 with the range of 585-599 for the three achievement levels.

The linking results for females at selected percentile ranks are presented in Table
8c as well as in the Appendix B-2 (Concordance Table for Grade 8 Reading by Gender).
The linking relationships based on the female students from the NAEP sample schools
are first compared with the linking relationships based on the female subgroup of the
grade population. The results suggest that the linking functions for the sample are lower
for females than the linking functions for the population between the PR-1 and PR-13 and
are higher for the female sample from the PR-21 through the PR-99. Compared with the
total group, it is found that the linking functions for females are consistently higher with
the discrepancies of 4-6.5 score points between the PR-10 and PR-99. The difference of
linking functions is 6 points at the percentile rank of 50, 5 points at the first quartile (PR-
25), and 4.5 points at the third quartile (PR-75). Using the NAEP achievement levels as
references, the cut score is located at the percentile rank of 16 for Basic, based on the
linking results for females instead of PR-21 for the total group, at the PR-62 (instead of
PR-68) for Proficient, and at the PR-98 for Advanced. The corresponding linking
function is 486.5, 535 with the range of 536-537, and 592 (in the range of 589-595) on
the DSTP scale.

Comparing the separate linking relationships between genders; it is found that the
linking functions are constantly lower for males than for females, as shown in Tables 8b
and 8c, with the discrepancies of 9.5-13 score points cross the scale. Chart 11 provides a
visualized view of the linking functions from independent linkage for the total group and
for genders. Similarly to grade 4, the three plots show a very similar shape with the plot
for the total group in the middle; the one for males on the left and the one for females on
the right. A given DSTP score of 517 near the mean is converted to the NAEP plausible
value of 266.5 for males and 267 for females as for the total group, but located at
different percentile ranks, PR-48 for the total group, PR-53 for male, and PR-42 for
female. A DSTP score of 493 near the first quartile is converted to the NAEP score of
246 for the total group, 245.5 for male, but 248 for female. Similarly, a DSTP score of
545 near the third quartile is converted 287 for the total group, 286 for male, and 288 for
female.
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Independent linking was also conducted for the subgroups of black and white
students. The linking results for black students at selected percentile ranks are presented
in Table 8d as well as in the Appendix B-2 (Concordance Table for Grade 8 Reading by
Race). Compared with the total group, the linking functions for blacks are consistently
and considerably lower with the maximum discrepancy of 18.5 score point between the
PR-1 to PR-95. Using the NAEP achievement levels as references, the cut score is
located at the percentile rank of 38 for Basic, based on the linking relationships for blacks
instead of PR-21 based on the total group and at the PR-89 (instead of PR-68) for
Proficient. The NAEP cut score (323) for the Advanced level is beyond the highest
earned score for black students in 2003. The linking results for white students are
presented at selected percentile ranks in Table 8e as well as in the Appendix B-2
(Concordance Table for Grade 8 Reading by Race). Compared with the total group, the
linking functions for whites are consistently higher with the discrepancies ranging of 5.5
to 11 between the PR-20 and the PR-99. These differences are even higher in the lower
end of the scale. Using the NAEP achievement levels as references, the cut score is at the
PR-12 for Basic, based on the linking relationships for white instead of PR-21 based on
the total group, at the PR-59 (instead of PR-68) for Proficient, and the PR-98 (instead of
PR-98/99) for Advanced. The corresponding linking functions are 486.5, 535.5, and
321.5.

Comparing the separate linking relationships for the racial groups; the results
show that the linking functions are consistently and significantly lower for blacks than for
whites across the scale as shown in Tables 8d and 8e. Chart 12 provides a visualized
view of the linking functions from independent linkage for the total group and for the
blacks and whites. Similarly to grade 4, the three plots show a very similar shape with
the plot for the total group in the middle. The plot for white is on the right and closer to
the total group with more distance in the lower end between the PR-1 to the PR-20; the
plot for black is to the very left from the plot for the total group with more distance on the
higher end between the PR-70 and the PR-99. A given DSTP score of 517 near the
mean is converted to the NAEP plausible value of 261.5 for blacks at the PR-65 and 268
for whites at the PR-37. A DSTP score of 493 near the first quartile is converted to the
NAEP score of 246 for the total group, 243 for blacks, but 248 for whites. Similarly, a
DSTP score of 545 near the third quartile is converted to 287 for the total group, 287 for
white, but only 282.5 for black (in a range of 282-283) on the NAEP scale.

The standard errors of linking were estimated for grade 8 and the results at
selected percentile ranks are presented in Table 9. For example, the linking error is 0.93
for the NAEP and 1.22 for the DSTP at the cut point for the NAEP Basic, 0.90 and 1.25,
respectively, for Proficient, and 1.60-1.95 and 1.89-2.11, respectively, for Advanced.
The property of population invariance of linking was examined by using the standardized
Root Mean Square Difference (RMSD) for the individual scores and the standardized
Root Expected Mean Square Difference (REMSD) for the overall test. The RMSD is of a
range of 0.0682 to 0.1462 for males; 0.0749 to 0.1685 for females; 0.1682 to 0.3134 for
blacks; and 0.0830 to 0.3010 for whites. The RMSD of 0.0974 at the cut point of the
NAEP Proficiency indicates that the standard difference of linking functions is about
10% out of a standard deviation between the whole group and males. Similarly, such
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difference is about 11% (RMSD=0.1123) out of a standard deviation between the total
group and females, 22% (RMSD=0.2217) between the total group and blacks, and 22%
(RMSD=0.2180) between the total group and whites (Table 9). The REMSD provides an
overall index of the population invariance of linking relationships, which is about 10%
out of a standard deviation between the total group and males and 10% between the total
group and females. However, such differences increase to 23% between the whole group
and the blacks and 19% between the whole group and the whites. When combining the
subgroups, the REMSD is 0.0970, indicating the overall difference of linking
relationships is about 10% out of a standard deviation for gender; the REMSD is 0.2067,
indicating the overall difference of linking relationships is about 21% out of a standard
deviation for the subgroups of black and white.

(4) Validation

A validation was conducted to exam to what extent the linking relationships
established in this study can be used to estimate the state performance on NAEP for 4"
and 8" grade reading. The NAEP state reading scores were estimated for 2003, 2005 and
2007 by the average DSTP scores of the same year using the corresponding concordance
table for all groups. The locations of the NAEP cut scores on the DSTP scale were
compared from year to year for progress.

Table 10 presents the DSTP scores, estimated and actual NAEP state scores, and
residuals between the two scores by grade and year for all groups. In general, the
negative residuals suggest a slightly underestimated NAEP scores in grade 4 and the
positive residuals suggest a consistently overestimated NAEP scores in grade 8. The
residuals for grade 4 range from 0.0 to 4.0 score points by using the concordance table
established based on the matched sample of students; while the residuals decrease to 0-2
score points, especially for white students of 2005, by using the corresponding linking
relationships for subgroups. According to NAEP Report Card, the standard error of
measurement of the mean scores ranges from 0.7 to 1.0 except for males of 2003
(SEM=1.2) and for blacks of three years (SEM=1.7 in 2003, 1.2 in 2005, and 1.1 in
2007). Taking the standard error of measurement into account, the estimated grade 4
NAEP scores fall into a range of -1.96 to +1.96 with 95% confidence interval across
groups and years. In grade 8, the results show a slightly overestimated NAEP score in
2003 with the residuals ranging of 0-1 score point for all groups. However, the residuals
become unexpected higher in 2005 and 2007 than the other cases, ranging from 4 to 8
score points in 2005 and from 4.5 to 9 score points in 2007 based on the separate
concordance tables for the subgroups. To explore the possible reasons for the inaccurate
estimation, student progress on both NAEP and DSTP during 2003 to 2007 was reviewed
(Table 11). It is found that students of grade 4 made compatible progress on both tests
during the 3-year period. From 2003 to 2005 the average reading score increased by 0-5
score points on the DSTP and 1-3 score points on NAEP; from 2003 to 2007 the average
score increased 1-4 points on the DSTP and 0-2 points on NAEP. Students of grade 8,
however, made significantly larger progress on the DSTP during the three-year period.
From 2003 to 2005, the average score increased by 7-9 score points on the DSTP;
whereas, the NAEP score remained the same for the state, except for black students
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(increased 3 points). From 2003 to 2007 the average score increased by 4-9 points on the
DSTP, but the state NAEP score dropped 1-2 score points for both males and females on
NAEP during the same time. To examine the trend of student progress in grade 8, the
DSTP scores from 2003 through 2007 were compared with the NAEP state scores from
three administrations (Table 12). Overall, a similar trend of steady progress from year to
year is observed from year to year on both tests with slight discrepancies; however, a
significant increase of reading scores occurred in 2005 on the DSTP by 7 scale score
points at the state level. Perhaps, the use of the grade 8 reading scores, not grade 4, for
high-stakes decisions for individual students (e.g., promotion, retention, summer school,
and retesting) highly motivated students. Although the investigation of the substantial
improvement is beyond the scope of the current study; it seems obvious that the linking
relationships established based on the 2003 test scores cannot be used to confirm student
achievement on the DSTP in 2005 and 2007 by the NAEP state results for grade 8
reading.

Summary of Findings

There has been considerable interest in the confirmation of student achievement
on state assessments with the results of NAEP, particularly for the high-stakes
accountability requirements under the NCLB. The current study investigates the
feasibility of linking state test scores to NAEP in reading and the linking accuracy for
grades 4 and 8. As indicated in the Standards for Educational and Psychological Testing
that “analyses of the relationship of test scores to variables external to the test provide
another important source of validity evidence” (1999, p.13).

First, the content link provides validity evidence to support the statistical
procedures to link the DSTP scores to the NAEP plausible values. The results of the
three-level content linkage revealed a considerable overlap between the State reading
standards and the NAEP Framework of Reading. The similarities were also found
between the NAEP and DSTP tests in the reading passages by text type, item formats,
and the comprehensive levels of test questions. However, the discrepancies were
observed between the two testing programs in scoring rubrics for constructed-response
questions.  Although the NAEP and the DSTP reading tests were administered
consecutively, testing conditions, such as testing time, available accommodations, and
inclusion rate, are considerably different. Most importantly, the consequences of testing
and the intended use of test results have great impacts on the test design, reporting, and
student motivation.

To examine the possible sampling errors in linking, the linking relationships were
compared from separate linking procedures based on the sample of students of the NAEP
sampling schools and based on the corresponding population. The results suggest that
the linking functions are consistently, but slightly higher for the sample than the linking
functions for the population across grades and subgroups, with the exception of grade 8
for females. Comparing the linking relationships across subgroups, it is found that the
linking functions are consistently lower for males, but higher for females than the linking
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functions for the total group in both grades. It should be noted that the linking functions
for black students were considerably lower than the linking functions for white students
and for the total group. The property of population invariance was further examined by
using the standardized Root Mean Square Difference (REMSD) and the standardized
Root Expected Mean Square Difference (RMSD). The results show that the population
of invariance is reasonably achieved for gender in grade 4 (REMSD=0.0595), but seems
to be slightly higher in grade 8 for gender (REMSD=0.097). The REMSD of 0.201 to
0.230 for the racial/ethnicity groups suggests a large overall difference of linking
functions (20-23% of a standard deviation) between black and white students in both
grades. Compared with the total group, the difference of linking functions is about 3% of
a standard deviation for grade 4 females at the cut score for the NAEP Proficient, but 7%
for males in both grades. The RMSD unexpectedly increases to 11% for grade 8 females.
Similarly, the differences of linking functions range from 14% to 33% of a standard
deviation for black and white students, indicating a biased linking result at the cut score
for the NAEP Proficient in both grades.

The results of validation provided supporting evidence to the relationships
established for grade 4 between DSTP and NAEP scores through a linking procedure.
The residuals between estimated and actual NAEP scores are in an acceptable range
across groups by using the concordance table for the total group. The estimation is
improved with the residuals in a range of 0-2 score point, particularly for blacks and
whites, by using the corresponding concordance tables for subgroups. The inaccurate
results for grade 8 challenged the linking relationships based on the 2003 test scores.
Further analyses revealed a substantial improvement of reading scores on the state
assessment in 2005; this seems to be responsible for the large residuals between
estimated and actual NAEP scores and overestimated NAEP scores in 2005 and 2007 by
using the corresponding DSTP scores. It is reasonable to conclude that student
achievement on the DSTP grade 4 reading is confirmed by the results of state NAEP
according to the present study. However, the linking relationships for grade 8 established
based on the 2003 test scores cannot be used to confirm student achievement on the
DSTP by the NAEP results for 2005 and 2007.

One of the challenges experienced in the linking process of the present study is
that no student earned a particular score on a distribution, so that the corresponding
percentile rank is no longer unique. In some cases, the score range became relatively
wide especially in the two ends of the distribution. The use of middle score for this issue
was a subjective choice; which might contribute to the inaccuracy of the linking results.
In addition, rounding might contribute to the linking errors as well. More measurement
issues need to be explored in linking distinct tests, including the smoothing procedures, in
future studies.
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Table 1. Achievement Levels and Cut Scores by Grade

Assessment Achievement Level Achievement Level

Grade 4 Cut Score Grade 8 Cut Score

DSTP Warning* 425 Below the Standard 475

Satisfactory 433 Meets the Standard 500

Exceeds the Standard 564

Distinguished 584

NAEP Basic 208 Basic 243

Proficient 238 Proficient 281

Advanced 268 Advanced 323

1 In 2003 DSTP scores for grade 4 were used for instructional improvement. The
achievement levels were primarily set as Satisfactory and Unsatisfactory with a narrow
error-band for Warning.
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Table 2. Percentage of Schools and Subgroups of Students

Subgroup DSTP NAEP?
Population Sample!
Grade 4
School 106 (n) 0.83 0.83
Female 0.50 0.50 0.50
Male 0.50 0.50 0.50
Black 0.31 0.31 0.34
White 0.60 0.59 0.55
ELL? 0.01 0.01 0.03
SPED (IEP)* 0.09 0.09 0.08 (0.17)
Grade 8
School 75 (n) 0.49 0.49
Female 0.49 0.48 0.47
Male 0.51 0.52 0.53
Black 0.32 0.32 0.28
White 0.60 0.59 0.63
ELL 0.01 0.01 0.02
SPED (IEP) 0.12 0.12 0.08 (0.16)

- The DSTP sample includes all students from the NAEP sample schools.

>The NAEP sample includes students who were randomly selected using stratification
sampling procedures that are briefly described in the proposal.

% ELL - Limited English Proficiency students

% SPED - Special education; IEP — Individualized education plan (the category used by
NAEP)
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Table 3a. DSTP Reading Test Specifications by Grade and Passage Type

Grade Literary Informative Technical Total
% Max. Points % Max. Points % Max. Points % Max. Points
4 36 29 36 32 27 22 100 83
Actual 22 18 53 44 25 21 100 83
8 35 29 46 39 19 16 100 84
Actual 35 29 44 37 21 18 100 84

Table 3b. DSTP Reading Test Specifications by Grade and Stance of Item

Grade  Determining Meaning Interpreting Meaning Extending Meaning Total
N. of Items % N. of Items % N. of Items % N. of Items  Max. Point
4 20 32 26 41 17 27 63 83
8 18 28 32 50 14 22 64 84
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Table 3c. Percentage of NAEP Reading Items by Grade and Context for Reading

Context for Reading

Grade
For Literary Experience For Information To Perform a Task
4 55 45 No Scale
Actual 51 49
8 40 40 20
Actual 29 40 31

Table 3d. Projected Distribution of Student Time by Grade and Aspect for Reading

Aspect of Reading

Grade Forming a General Making Reader/Text Examining Content and
Understanding ar]d Developing Connections (%) Structure (%)
Interpretation (%)
4 60 15 25
Actual 68 14 17
8 55 15 30
Actual 59 17 24

Source: U.S. Department of Education, Institute of Education Sciences, National Center
for Education Statistics, National Assessment of Educational Progress (NAEP), 2003

Reading.
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Table 4a. Descriptive Statistics for DSTP by Grade

Grade Descriptive Statistics
N.  Range Min. Max Mean SD Variance Skewness Kurtosis
Grade 4
Population 7279 280 330 610 467.7497 33.87009 1147.183 -0.24791 0.159155
Sample* 6704 280 330 610 467.383 33.8036 1142.68 -0.2477 0.17127
Grade 8
Population 9124 369 331 700 516.8109 36.70141 1346.994 -0.23947 0.321627
Sample 7532 330 370 700 517.537 37.2872 1390.33 -0.2775 0.2733

* The DSTP sample includes all students from the NAEP sample schools.
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Table 4b. Descriptive Statistics for NAEP by Grade

Grade Descriptive Statistics
N. Range Min. Max Mean SD Variance Skewness Kurtosis
Grade 4
Plausible Valuel 2959 25851 69.98  328.49 224.281 29.2521 855.685 -0.2066 0.19384
Plausible Value2 2959 188.75 128.65 317.4 223.848 29.476 868.833 -0.0842 -0.1973
Plausible Value3 2959 230.57 95.27  325.84 224.285 29.7142 882.933 -0.1764 0.07607
Plausible Value4 2959 204.36 114.17 318.53 224.651 29.6075 876.607 -0.1805 -0.01
Plausible Value5 2959 209.34 12454  333.88 224.633 29.4477 867.167 -0.1279 -0.0098
Average PV 2959 184.806 120.268 305.074 224.34 26.861 721514 -0.1737 -0.1624
Grade 8

Plausible Valuel 2496 233.46  135.7  369.16 265.278 32.3718 1047.93 -0.4188 0.61856
Plausible Value2 2496 221.41 140.48 361.89 265.441 31.6345 1000.74 -0.4524 0.52171
Plausible Value3 2496 229.92 122.01 351.93 265.92 31.8377 1013.64 -0.4712 0.61046
Plausible Value4 2496 238.65 118.36 357.01 265.84 32.3284 1045.13 -0.5063 0.6818
Plausible Value5 2496 232.22 12951 361.73 265.014 32.2168 1037.92 -0.431 0.51823

Average PV 2496 198.908 149.856 348.764 265.499 29.5588 873.721 -0.5591 0.60858
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Table 5. Descriptive Statistics by Test, Grade and Subgroup

Statistics DSTP NAEP!
Total Female Male White Total Female Male Black White
Grade 4
N. 7279 3371 3333 3985 2959 1513 1446 999 1655
Mean 467.75 470.21 46453 450.81 476.73 22434  226.43 222.17 210.86 233.29
Std. Deviation 33.87 3355 33.82 31.04 26.86 27.18 26.35 24.10 24.03
SMD? 0.17 0.16 -0.93
Grade 8
N. 9124 3645 3887 4473 2496 1193 1303 659 1614
Mean 516.81 523.17 512.25 501.95 526.47 26550 270.46 260.98 248.80 273.33
Std. Deviation 36.70 36.81  36.97 34.71 29.56 28.70 29.61 27.91 26.28
SMD 0.30 0.32 -0.92

1 The descriptive statistics for NAEP are based on the average of the five plausible values.

2 SMD: Standard Mean Difference
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Chart 1. Relative Frequency Distributions for DSTP GR 4

Chart 2. Relative Frequency Distributions for NAEP GR 4
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Chart 5. NAEP PV vs. DSTP Scale Score for GR 4

Chart 6. DSTP Scale Score vs. NAEP PV for GR 4
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Table 6a. Scores Corresponding to Selected Percentile Ranks for Grade 4

Selected DSTP
Percentile Rank NAEP Population Sample
1 157.5 383.5 379
5 178.5 410 411
10 189 424 424.5
11 190.5 426 426.5
15 196 432 433
16 197.5 4335 434.5
20 202 439 440
25 206 445 446
27 208 448 448.5
30 210 451 452
35 214 456 456.5
40 218 460.5 460.5
45 2215 465 465.5
50 225 469 469.5
55 228.5 473.5 474.5
60 232 477.5 478
65 236 482 483
68 238 485.5 485.5
70 239.5 487 487.5
75 243.5 491.5 491
80 248 496 496
85 253 502 502
90 259 510 509.5
95 267.5 521 519
96 269.5 524 522
99 280 541.5 541.5

The red indicates the location of the cut score for NAEP.
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Table 6b. Scores Corresponding to Selected Percentile Ranks for Grade 4 Male

Students
Selected NAEP DSTP Selected NAEP DSTP Male

PR Population ~ Sample PR Male  Population  Sample

1 157.5 383.5 379 1 155.5 374 3715
5 178.5 410 411 5 178.5 407.5 407
10 189 424 424.5 10 187.5 420.5 420.5
11 190.5 426 426.5 11 189 423 423
15 196 432 433 15 195 430 430
16 197.5 433.5 434.5 16 196 431 431
20 202 439 440 20 201 438 436
25 206 445 446 25 205 443 443
27 208 448 448.5 27 206.5 445 444.5
30 210 451 452 30 208.5 448.5 448
35 214 456 456.5 35 212 454 453.5
40 218 460.5 460.5 40 215.5 458.5 457.5
45 221.5 465 465.5 45 219 462.5 462
50 225 469 469.5 50 223 466.5 466.5
55 228.5 473.5 4745 55 226 471 470.5
60 232 477.5 478 60 230 474.5 474
65 236 482 483 65 233 479.5 478.5
68 238 485.5 485.5 68 235.5 483.5 482
70 239.5 487 487.5 70 237 484.5 484
75 243.5 491.5 491 75 241 489 487.5
80 248 496 496 80 244.5 494 493.5
85 253 502 502 85 249 500 500
90 259 510 509.5 90 256.5 506.5 506
95 267.5 521 519 95 266 517 517
96 269.5 524 522 96 268.5 519 519
99 280 541.5 541.5 99 277 536 536

The red indicates the location of the cut score for NAEP.
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Table 6¢. Scores Corresponding to Selected Percentile Ranks for Grade 4 Female Students

Selected NAEP DSTP Selected  NAEP DSTP Female
PR Population ~ Sample PR Female  Population  Sample
1 157.5 383.5 379 1 158 381.5 382
5 178.5 410 411 5 180 414 414
10 189 424 424.5 10 190 426.5 426.5
11 190.5 426 426.5 11 191.5 428.5 428.5
15 196 432 433 15 197.5 435 435
16 197.5 433.5 434.5 16 199 436.5 436.5
20 202 439 440 20 203 441.5 441.5
25 206 445 446 25 207.5 448 448
27 208 448 448.5 27 209 449.5 450.5
30 210 451 452 30 212 454 454
35 214 456 456.5 35 216 458.5 457.5
40 218 460.5 460.5 40 220.5 462 462
45 2215 465 465.5 45 224 467.5 467.5
50 225 469 469.5 50 227 471.5 471.5
55 228.5 473.5 474.5 55 230.5 475.5 475.5
60 232 477.5 478 60 234 480 480
65 236 482 483 65 238 485.5 484.5
68 238 485.5 485.5 68 240.5 487.5 487
70 239.5 487 487.5 70 242 490.5 490
75 243.5 491.5 491 75 247 494 493.5
80 248 496 496 80 251 498.5 498.5
85 253 502 502 85 255 505.5 504
90 259 510 509.5 90 261 512.5 510.5
95 267.5 521 519 95 269 524 524
96 269.5 524 522 96 271.5 527 527
99 280 541.5 541.5 99 283 547 544

The red indicates the location of the cut score for NAEP.
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Table 6d. Scores Corresponding to Selected Percentile Ranks for Grade 4 Black Students

Selected NAEP DSTP Selected NAEP DSTP Black
PR Popul