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Introduction

This document describes the model used to measure student growth for institutional accountability
in New York State for the 2023-24 school year. In response to missing data due to the COVID-19
pandemic, the Accountability Rebuild began with a one-year model that relied upon 2021-22
school year results. The system rebuild included suspension and modification of several indicators,
an introduction of a new indicator, and modified identification and exit criteria.

In prior years, results from three years of growth models were combined for accountability
designations. However, the 2023-24 Growth measures are provided for informational purposes
only. The Growth models are implemented in Grades 4-8 ELA and mathematics (including Grade 8
Algebra I) and are based on assessing each student’s change in performance between 2022-23 and
2023-24 on State assessments compared with students who have similar test histories. For more
information about how growth is used for institutional accountability purposes, see the
Monograph (available https://www.nysed.gov/accountability/school-and-district-accountability-
resources-and-data).

Content and Organization of This Report

The information presented in this report is based on 2023-24 and prior school years’ student
growth results used for Institutional Accountability.

This technical report contains four sections:
1. Data— Description of the data used to implement the student growth model, including
data processing rules and relevant issues that arose during processing.
2. Model — Description of the statistical model.
3. Results — Overview of key model results aimed at providing information on model
guality and characteristics.
4. Reporting — Description of reporting metrics.

Data

To measure student growth and attribute that growth to schools and districts, at least two
sources of data are required:

1. Student test scores that can be observed across time.
2. Information describing how students are linked to schools and districts.

The following sections describe the data used for model estimation in New York in more detail.

www.nysed.gov 4
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Test Scores

New York’s student growth model draws on test score data from statewide testing programs in
Grades 3-8 in ELA and mathematics (including Grade 8 Algebra |) for students in Grades 4-8.
The Grades 4-8 growth model is estimated separately by grade and subject using scores from
each grade (e.g., Grade 5 mathematics) as the outcome.

State Tests in ELA and Mathematics (Grades 3-8) and Algebra |

The New York State tests at the elementary and middle school grade levels are administered in
the spring and measure a range of knowledge and skills in ELA and mathematics.

Typically, New York’s Grades 4-8 growth model includes up to three prior year test scores
(depending on the grade) in the same subject area. However, due to the particularly low
participation on the 2020-21 assessments, the 2023-24 New York Grades 4-8 and Grade 8
Algebra | growth model uses up to two prior year test scores. If the immediate prior-year test
score was missing from the immediate prior grade, the student was not included in the growth
measure for that subject. Two examples of how students would not have growth scores
computed for them are:

1. Students without a prior-year test score (e.g., a 6! grade student with a valid 6
grade ELA test score in 2023-24 who did not have a valid ELA test score in 2022-23);
or

2. Students with a prior-year test score for the same grade as the current year test
score (e.g., a 6" grade student with a valid 6" grade ELA test score in 2023-24 who
also had a 6™ grade ELA test score in 2022-23).

For the additional prior scores, missing data indicators were used. These missing indicator
variables allow the model to include students who do not have the maximum possible test
history and mean that the model results measure outcomes for students with and without the
maximum possible assessment history. This approach was taken to include as many students as
possible.

The specific tests used as predictors vary by grade and subject and are shown in Table 1.

www.nysed.gov 5
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Table 1. Pretests for student inclusion by grade

Current Year Assessment

Grade 8/
Grade 4 Grade &
Algebra I
USE IF USE IF
REQUIRED AVAILABLE AVAILABLE
USE IF USE IF
REQUIRED | ayaILABLE | AVAILABLE
Prior Years
USE IF USE IF
Assessment, REQUIRED AVAILABLE AVAILABLE
Same Subject
USE IF
REQUIRED AVAILABLE
REQUIRED

In addition to test scores, the New York Grades 4-8 growth model also uses the conditional
standard errors of measurement (CSEMs) of those test scores. All assessments contain some
amount of measurement error, and the New York growth model accounts for this error (as
described in more detail in the Model section of this report). The State’s test vendor provides a
table of CSEMs for each year’s test scores. Appendix A provides an overview of data processing.

Model

New York State uses the Mean Growth Percentile (MGP) model to produce growth measures
for Grades 4-8 using State assessments in ELA and mathematics. This section describes the
statistical model used to measure student growth between two points in time on a single
subject of a State assessment. The section begins with a description of the statistical model
used to form the comparison point against which students are measured—based on similar
students—and then describes how SGPs are derived from the comparison point. In addition,
this section describes how MGPs and all variance estimates are produced.

At the core of the New York State growth model is the production of an SGP. This statistic
characterizes each student’s current year score relative to other students with similar prior test
score histories. For example, an SGP equal to 75 denotes that a student’s current year growth
score is the same as or better than 75% of the students in the State with similar prior test score
histories. It does not mean that the student’s growth is better than that of 75% of all other
students in the population.

www.nysed.gov 6
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One common approach to estimating SGPs is to use a quantile regression model (Betebenner,
2009). This approach models the current year score as a function of prior test scores and finds
the SGP by comparing the current year score to the predicted values at various quantiles of the
conditional distribution.

The methods described here do not rely on the quantile regression method for two reasons.
First, the typical implementation of the quantile regression makes no correction for
measurement variance in the predictor variables or the outcome variable. Ignoring the
measurement variance in the predictor variables yields bias in the model coefficients (e.g., Wei
and Carroll, 2009). Further complicating the issue, the measurement variance in the outcome
variable also adds to the bias in a quantile regression (Hausman, 2001), an issue that does not
occur with linear regression.

A linear spline regression model is used to compute the SGPs each year for New York’s growth
model. The approach used to estimate the model is designed to account for measurement
variance in the predictor variables to yield unbiased estimates of the model coefficients.
Subsequently, these model coefficients are used to form a predicted score, which is used to
calculate the SGP. The next section describes this model in detail.

Specifications for the Growth Model

The statistical model implemented as the growth model is typically referred to as a covariate
adjustment model (McCaffrey, Lockwood, Koretz, & Hamilton, 2004), as the current year
observed score is conditioned on prior levels of student achievement as well as other possible
covariates. The model is specified in a way that recognizes measurement error in measures of
prior achievement. It is also specified in a way that allows for measures of prior achievement to
have a nonlinear relationship with the posttest, with the nonlinearity specified as a linear
spline.

The model takes the following form:
y=&+ A+ WB +e*
z=z"4v

where y indicates the model's posttest; z indicates the model's measured pretests, which are
made up of a "true" pretest z* and measurement error v; f(.) indicates a function that
produces a spline transformation of the primary (same-subject, single-lag) pretest while leaving
the non-primary pretests the same; W represents indicators for missing non-primary pretests;
and e is the component of the model's posttest that cannot be explained with its pretests.

We estimate this model in a way that accounts for measurement error in the observed
variables by constructing predictions of the "true" pretest scores z* given measured pretest

www.nysed.gov 7
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scores z and using those predictions as right-hand-side variables in the regression. Procedures
are described in more detail in Appendix B.

The MGP models are implemented separately for each grade and subject. Special procedures
are used to adjust standard errors of measurement. These procedures are described in
Appendix C.

Student Growth Percentiles (SGPs)

The previously described regression models yield unbiased estimates of the coefficients by
accounting for the measurement error in the observed scores. The resulting estimates are then
used to form a student-level SGP statistic. For purposes of the growth model, a predicted value
and the variance of its difference from the observed value for each student are required to
compute the SGPs as follows:

where y; is the observed value of the outcome variable; y; is the predicted value of the
outcome variable; aji _ 9, is the variance of the difference between the observed and predicted
values of the outcome; and @(.) is the standard normal cumulative distribution function. The

details on how to calculate the SGP are provided in Appendix B.

Figure 1 illustrates an SGP for a hypothetical student, using the approach described above. The
illustration considers only a single predictor variable that enters linearly and does not
necessarily reflect the shape of the actual model, although the concept can be generalized to
multiple predictor variables that enter in other ways (e.g. spline). For each student, we find a
predicted value conditional on his or her observed prior score(s) and the model coefficients.
We would form a conditional distribution around the predicted value and find the portion of
the normal distribution that falls below the student’s observed score. This is equivalent to

yi
SGP; = f(x)dx

with f(x) being the normal probability density function with a mean of ¥ and a variance of

aji — 9y This is readily accomplished using the standard normal cumulative distribution function
®(.). In the case of the student in Figure 1, the SGP is 90, suggesting that the student's
observed score is in the 90" percentile of the distribution of observed scores conditional on

their predicted score.

www.nysed.gov 8
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Figure 1. Sample Growth Percentile from Model
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Figure 2 illustrates the same hypothetical student shown in Figure 1. Note that the observed
score and predicted value are identical. However, the prediction variance is larger than in Figure
1. As a result, when we integrate over the normal from —oo to yi, the SGP is 60, not 90 as in the
previous example. This difference occurs because the conditional density curve has become
more spread out, reflecting less precision in the prediction.

Figure 2. Sample Growth Percentile from Model
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Mean Growth Percentiles (MGPs)

Once SGPs are estimated for each student, they are averaged to generate the Mean Growth
Percentile (MGP) or Growth Index. For each aggregate unit j, such as a school, the statistic of
interest is a summary measure of growth for students within this group. Within group J, there
are SGPs for N students associated with group j {SGPj(l),SGPj(Z), . .,SGP]-(N)}. That is, there is
an observed SGP for each student for each year within group j. The Growth Index for unit j is
produced as the simple mean

0;=mean(SGPjs))

As with all statistics, the MGP is an estimate, and it has a variance term. The following
measures of variance are produced for the MGP. The analytic standard error of the unweighted
MGP is computed within unit jas
sd(SGP;;
se(Bj) = M
N;j
Because the SGPs are expressed as percentiles, they are free from scale-specific inferences and
can be combined. Therefore, for the MGPs, all SGPs of relevant students are pooled and the
mean of the pooled SGPs is calculated.

Attributing Student Growth Percentiles

Student growth scores are attributed to schools and districts for students who were
continuously enrolled. To be attributed, a student must have been enrolled in the same school
on BEDS Day (i.e., the first Wednesday of October) and during the State test administration in
the spring. Tables 2 and 3 show attribution rates for schools and districts.

Table 2. School Attribution Rates
Grade Valid Student Records | Valid Attributed Student Records | Attribution Rate

4 293,824 284,039 96.7%
5 289,759 279,882 96.6%
6 283,454 272,591 96.2%
7 274,670 264,390 96.3%
8 275,174 254,808 92.6%
Total 1,416,881 1,355,967 95.7%

www.nysed.gov 10
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Table 3. District Attribution Rates
Grade Valid Student Records | Valid Attributed Student Records | Attribution Rate

4 293,824 260,722 88.7%
5 289,759 256,768 88.6%
6 283,454 249,159 87.9%
7 274,670 242,737 88.4%
8 275,174 234,509 85.2%
Total 1,416,881 1,243,895 87.8%

MGPs are calculated for the All Students group and each of the accountability subgroups for
which the count of SGPs is greater than or equal to 30: American Indian or Alaska Native, Black
or African American, Hispanic or Latino, Asian/Pacific Islander, White, Multiracial, Students with
Disabilities, English Language Learners, and Economically Disadvantaged.! The Growth Index is
then rounded to the nearest tenth decimal place and assigned to one of four Growth Levels
based on the cut points described in Table 4.

Table 4. Growth Index to Growth Level

1

45 or less

45.1to 50 2

50.1to 54 3
Greater than 54 4

Results

This section provides an overview of the results for the 2023-24 growth model estimation. A
pseudo R-squared statistic and summary statistics characterizing the SGPs, MGPs, and their
precision provide information about model fit.

Model Fit Statistics

The R-square value is a statistic commonly used to describe the goodness-of-fit for a regression
model. Because the model implemented here is a linear spline model corrected for
measurement error, not a least squares regression, we refer to this as a pseudo R-square. (See

3 When calculating the Growth Index for English language learners (ELLs), SGPs for former ELLs are included if the
total number of SGPs for ELLs plus former ELLs is 30 or more and the number of SGPs for former ELLs is less than
the number of SGPs for ELLs in the current year. Former ELLs are students who are not ELLs in the current
reporting year but were ELLs in one or more of the previous four reporting years. If there are 30 or more SGPs for
the Students with Disabilities (SWD) subgroup, then former students with disabilities are included in the Growth
Index. Former students with disabilities are students that are not SWDs in the current reporting year but were
reported in at least one of the two previous reporting years .

www.nysed.gov 11
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Appendix B for more information on the linear spline model.) Table 5 presents the pseudo R-
square values for each grade and subject, computed as the squared correlation between the
fitted values and the outcome variable.

Table 5. Pseudo R-Squared Values by Grade and Subject

Grade ELA Mathematics
4 0.631 0.675
5 0.654 0.711
6 0.663 0.721
7 0.651 0.750
8 0.690 0.695
Algebra | N/A 0.603

Student Growth Percentiles

SGPs describe a student’s current year score relative to those of other students in the data with
similar prior academic histories. A student’s SGP should not be expected to be higher or lower
based on his or her prior-year score. Table 8 shows the correlation between the prior-year scale
score and SGP for each grade and subject. These correlations are generally small; they need not
be zero. Squaring these values gives the percentage of variation in SGPs explained by prior-year
scores for any grade and subject. Although prior-year test scores are generally good predictors
of current year test scores, the prior-year test score is a poor predictor of current year SGPs. As
shown in Table 6, prior-year test scores by grade level explain less than five percent of the
variation in SGPs. Because SGPs are intended to allow students to show low or high growth no
matter their prior performance, this result is as expected.

Table 6. Correlation Between SGP and Prior-Year Scale Score

Grade ‘ ELA | Mathematics ‘
4 -0.147 -0.113
5 -0.165 -0.129
6 -0.151 -0.118
7 -0.207 -0.130
8 -0.184 -0.116
Algebra | N/A -0.111

Mean Growth Percentiles

As described earlier in this report, MGPs are aggregate statistics, computed as the mean of
SGPs for all students associated with a particular school or district. In this section, we provide
descriptive statistics on overall (combined) MGPs.

Figure 3 shows the distribution of school MGPs, which center around the mean of 50.

www.nysed.gov 12
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Figure 3. Distribution of School MGPs
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Reliability of MGPs
It is useful to examine the reliability statistic to assess the precision of the school-level MGPs,

specified here as p:
— 2
(2 _
P <sd(9j)>

where ¢ is the mean standard error of the MGP, and sd(éj) is the standard deviation between
school MGPs. In theory, the highest possible value is one, which would represent complete
precision in the measure. When the ratio is zero, the variation in MGPs is explained entirely by
sampling variation. Larger values of p are associated with more precisely measured MGPs.

Table 7 provides the weighted mean standard errors, the weighted standard deviations, and the
values of weighted p for the model for schools, using the number of SGPs as weights. These
results are based upon the one-year MGPs for the 2023-24 model. The values shown below are
very similar to what was reported for prior year models.
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Table 7. Weighted Mean Standard Errors, Standard Deviation, and Value of p for Schools,
Weighted by Number of SGPs

Weighted Mean Weighted Standard Weighted

Standard Error Deviation Reliability Statistic (p)

Schools 1.335 5.692 0.934

Table 8 provides the share of schools with combined MGPs significantly above or below the
State mean, using the 95% confidence intervals. The percentage exceeding the mean is larger
than what would be expected by chance alone, indicating the model distinguishes between
schools (i.e., 2.5% of schools would be expected to be above or below the mean by chance
alone).

Table 8. Percentage of Combined MGPs Above or Below the Mean at the 95% Confidence Level

Below Mean Above Mean

School 1,014 28% 1,123 31%

Neutrality of Growth Measures

It is helpful to consider the relationship between the growth measures and school
characteristics to identify any relationships that might suggest non-neutrality. Large
correlations between MGP and school characteristics would indicate systematic relationships
between scores and the types of students schools serve. A value of 0.10 or less indicates that
1% or less of the variance in MGPs can be predicted with that demographic variable and,
therefore, represents results that are essentially zero. In 2023-24, all correlations of MGPs with
classroom characteristics have absolute values of 0.233 or lower.

The scatter plots in Figures 4 through 8 provide visual representations of the correlation
between school-level MGPs and school characteristics: the percent of students who are ELL,
the percent of SWD, the percent of students in poverty or with economic disadvantage (ED),
and the mean prior ELA or mathematics score of the students. The scatter plots show that the
school MGPs have a low correlation with respect to school demographic and pretest
characteristics. The low correlation means that the growth measures can be considered to be
neutral with respect to these school characteristics and this neutrality means that schools can
demonstrate growth, regardless of the academic starting point or characteristics of their
students.

www.nysed.gov 14
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Figure 4. School MGP Scores by Percentage of English Language Learners in School
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Figure 6. School MIGP Scores by Percentage of Economically Disadvantaged Students in School
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Figure 7. School MGP Scores by Mean Prior ELA Z-Score for Students in School
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Figure 8. School MGP Scores by Mean Prior Mathematics Z-Score for Students in School
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Table 9 provides the observed correlations of school MGPs by student body characteristic,
summarized from the figures above.

Table 9. School MIGP Correlations by School Characteristics

School Characteristics 2022-23 2023-24
ELL students in school 0.107 0.079
Students with disabilities in school -0.024 -0.207
Economically disadvantaged students in school 0.068 0.049
Mean prior ELA Z-score 0.114 0.233
Mean prior mathematics Z-score 0.108 0.225

Given that a primary claim for the use of MGPs is that all educators and schools can
demonstrate growth, regardless of the academic starting point of students, it is necessary to
further disaggregate the prior achievement data by grade level to determine if a strong
relationship exists between MGPs and average prior achievement. To that end, Table 10 shows
the correlations between MGPs and average prior achievement, which are low across all grades
and subjects. These correlations illustrate that the MGPs are substantially neutral to prior
achievement.
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Table 10. Correlation Between School MGPs and Average Prior Achievement by Grade Level

4 0.143 0.059
5 -0.077 -0.092
6 -0.040 -0.065
7 -0.029 -0.098
8 -0.103 0.144

Informational Teacher and Principal Growth Results

To assist with continuous improvement and planning, the Department also links SGPs to
teachers and principals. Teachers and principals with 16 or more SGPs attributed to them
receive an MGP. These results are provided for informational purposes only.

New York’s growth model uses district-reported staff assignment data to link student growth
scores for continuously enrolled students to principals (see Table 11).

Table 11. Principal Attribution Rates

Valid Student Valid Student Records Attributed v
Records to at Least One Principal Attribution Rate
4 293,824 273,287 93.0%
5 289,759 269,946 93.2%
6 283,454 264,504 93.3%
7 274,670 257,776 93.8%
8 275,174 259,530 94.3%
Total 1,416,881 1,325,043 93.5%

A critical element of growth analyses is the accurate identification of the courses students are
taking in which they learn the content and skills covered on the tests used to measure their
learning. Another critical element is identifying who is teaching those courses. A first step is to
identify which courses are considered “relevant” —that is, courses in which instruction is
provided that is aligned to the test being used to measure student growth. New York has
developed a common set of course codes across the State, and these are used to identify
courses as relevant for analysis. Appendix D provides a list of the item descriptions (grade and
subject of relevant courses) used in analysis.

The methodology used to link continuously enrolled students to teachers consists of using two
existing collections: Course Instructor Assignment and Student Class Entry Exit.

Students enrolled in relevant courses are attributed to the teacher(s) identified as a teacher of
record for that course (see Table 12).
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Table 12. Teacher Attribution Rates

Valid Student Valid Student Records Attributed .
Records to at Least One Principal Attribution Rate
4 293,824 264,754 90.1%
5 289,759 261,385 90.2%
6 283,454 255,487 90.1%
7 274,670 247,914 90.3%
8 275,174 242,978 88.3%
Total 1,416,881 1,272,518 89.8%
Reporting

Results of the New York growth models are reported to districts in a series of data files.

Institutional Accountability Results
Institutional accountability growth results are provided for all students and disaggregated by
subgroup using a minimum n-size of 30.

The main reporting metrics for schools are as follows:
* Sum of SGPs — The sum of the SGP results in ELA and in math.
* Number of Student Scores — The number of SGP results in ELA and in math for
continuously enrolled students.
* Growth Index — The mean of the SGPs for students attributed to the subgroup.
* Growth Level — The Growth Level associated with the reported Growth Index.

Results are presented at an aggregate level for the district and its schools separately and are
available to authorized users in the Student Information Repository System (SIRS) 112 Student
Growth Report for Accountability. For information on how to access these reports, please see
the Information and Reporting Services Verification and Certification webpage. See also the
Student Growth for Accountability Report Guide for information regarding the contents of the
SIRS report. Additional resources about the Student Growth measure are available on the
School and District Accountability webpage.

Growth Levels

As noted above, for accountability purposes, the Growth Index is translated to a Growth Level.
Table 13 describes the observed distribution of Growth Levels for schools and districts for the
All Students subgroup based on their 2023-24 Growth Index.
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Table 13. School and District Level Distributions

Output Level Level 1 Level 2 Level 3 Level 4
School 18% 28% 25% 29%
District 12% 38% 35% 15%

Note: Because of rounding, percentages may not add to 100 percent.

Informational Teacher and Principal Results

Teacher and principal growth results are also provided for informational and improvement
planning purposes. These results are not disaggregated by subgroup and use a minimum n-size
of 16.

The main reporting metrics generated are as follows:

* Number of Student Scores — The number of SGP results in ELA and in math for
continuously enrolled students.

* MGP - The mean of the SGPs for students attributed to the teacher or principal.

MGPs disaggregated by subject student roster files are available to authorized users on the
secure Information and Reporting Services Portal (IRSP). For information about accessing the
IRSP, see the IRS Portal Resources and Information webpage.
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Appendix A. Data Processing Overview

The process used to convert the raw data to results runs through six standardized processes.
The process and raw data files used to produce the results are explained in detail below.

Raw Data
All historical and current data files are transferred from NYSED. In addition to EA’s standard raw
data QC process, we conducted an additional quality control check this year where EA and
NYSED separately confirmed the file size and number of rows in each file transferred. This
ensured that the files were complete and there would be no missing data. The raw data files
that were used in the production of growth results this year include:
1. Assessment and CSEM (2023-24, 2022-23, and 2021-22) — Student-level results on the
State Grades 3-8 assessments and CSEMs.
2. Directory — Listing of all New York State Public and Nonpublic Schools.
3. Teacher Student Course — Students linked to each teachers’ classroom used to attribute
students to teachers.
4, Staff Assignment — Students linked to programs that principals oversee, including the
start and end dates.
5. Enrollment (Grade 8 Algebra | Continuous Enroliment, and BOCES Enroliment) —
Students who were enrolled on Basic Educational Data System (BEDS) day and during
the test administration period.

Standard Data

Raw data are transformed into a standardized format that 1) facilitates the processing of raw
data through business rules and 2) can be interpreted by other analysts. Throughout this
process, raw data modifications are catalogued, all observations are maintained, and variable
names are standardized.

Input Sets

Most of the business rules in data processing are applied in transition from standard data to
input sets. Input sets are the data sets that are used to estimate the regression models.
Students who will ultimately be excluded from the model are retained in the input sets with an
exclusion reason flag activated. These exclusion reasons, which describe students excluded
from the growth results for teachers, schools, and principals, are investigated as part of the
process of producing input sets.

Modeling
The statistical models are computed using the input sets in the modeling phase and the output
is analyzed using a diagnostics tool that examines coefficients, residual mean squared error,
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student predictions, highest observable scale score, lowest observable scale score, and other
key metrics.

Aggregation

Results from the modeling phase are combined to create teacher, principal, and school level
metrics, such as Mean Growth Percentile, for each level. This step also includes examining
aggregate diagnostic measures such as neutralities, reliability, and sample size.

Output
After the aggregation step, the final files are created for NYSED and parsed for each district.
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Appendix B. Model Specification

The value-added model is based on a statistical model that explains current student
achievement, measured using a posttest, using prior student achievement, measured using
pretests. The primary (same-subject, prior-year) pretest enters the model via a spline function,
while other pretests enter the model linearly. The model acknowledges that the pretests, being
of finite length, are necessarily measured with error.

The model takes the following form:
y=&+f@EO)A+WB +e”
z=z"+v

Where y is posttest score; z is a vector of measured pretest scores; z* is a vector of unobserved
"true" pretest scores, equal to what z would be in the absence of measurement error; f(.) is a
function that produces a spline transformation of the primary (same-subject, single-lag) pretest
and leaves the non-primary pretests untransformed; v is measurement error in the measured
pretests z; W is a vector of other covariates; and e” is the component of the posttest score y
not explained by z or W.

In the growth model, the only variables in W are indicators for missing non-primary pretests. In
observations with missing pretests, the elements in z and z* corresponding to the missing
pretests are set to zero, and the indicators corresponding to the missing pretests in W are
activated. No observations in which the primary pretest is missing are included in the analysis.

The steps below describe how this model is estimated. Steps 1 through 5 illustrate steps for
producing predictions of the "true" pretest scores z* from the measured pretest scores z.

Step 1: The first step in predicting z* from z is to break out the component of z that can be
explained by W. This is useful because this component, being predictable from other variables,
is not attributable to measurement error. We execute this step by regressing, using OLS, the
measured pretest variables z on W. If the version of the model estimated does not include the
variables W, then this regression includes only an intercept. Denote the residual from this
regression u,. Note that this residual includes pretest measurement error v. Denote as u; the
part of the residual that is not measurement error. The important difference between u; and v
is that u, is a component of the "true" pretest z*, while v is not.

z=Wn+u,

u2=u1+‘l7
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Step 2: To understand the extent to which variance in u, is and is not generated by
measurement error in z, we estimate the variance-covariance matrix of u,, the component of
u, that is not pretest measurement error. We estimate this as follows:

Q=vV-%,

Uz Uy

il

where V is the variance-covariance matrix of u,; 2, is an estimate of the variance-covariance
matrix of v; and N is the number of observations and k the number of regressors in the
regression in step 1. The matrix X, is a diagonal matrix in which each diagonal entry is equal to
the average squared conditional standard error of measurement (CSEM) across students for
each pretest in z. In observations for which some pretests in z are missing, the CSEMs for those
pretests are set to zero.

Step 3: We use I/ and (2 to estimate coefficients from a regression of the unobserved u; on the
observed u,. Denote these coefficients y;.

Y1 = V_IQ

Step 4: Using the coefficients y;, we produce a prediction, Z, of the "true" pretest scores z*
from the measured pretest scores z.

Z=z—u(I —yy)

Step 5: To measure the extent to which the prediction Z differs from the "true" pretest scores
z*, we estimate the variance-covariance matrix of r = Z - z*, which we denote X,,.

2ir = 21

In steps 6 through 8, we produce variables that can be used to estimate a regression with a
spline function in the primary pretest that accounts for measurement error in that primary
pretest.

Step 6: Before producing pretest variables that are transformed in a way that will allow us to
estimate a spline function, we need to place the spline knots. We are interested in setting knots
based on the distribution of the "true" primary pretest score z; rather than the measured
primary pretest score z;. The first step toward this goal is to estimate the variance of z;, using
the difference between the variance of z; and the variance of its measurement error v;.

0%%=ﬁm—#m

We estimate the variance of v; using the mean of the squared CSEMs of z; across students.

www.nysed.gov 25



New York State Education Department
2023-24 Growth Technical Report

Step 7: We place the spline function's knots at approximately the 5t, 25, 75t and 95t
percentiles of the "true" primary pretest score z;. We approximate these percentiles using the
following steps:

a) First, we compute what these percentiles would be for the measured pretest z; under
an assumption that z; is normally distributed. For the pth percentile, this is equal to
d'(p) = Hz(1) + 051y X @ H(p/100), where p,(1y and g,(qy are the mean and standard
deviation of z; and ®1(.) is the inverse standard normal cumulative distribution
function.

b) Second, we compute the empirically observed percentiles for the measured pretest z;.
For the pth percentile, denote this d(p). The difference between d*(p) and d(p) is that
the former assumes normality, while the latter does not. In practice, the test scores may
not be normally distributed, which may lead to discrepancies between d"(p) and d(p).

c) Third, we compute what these percentiles would be for the true pretest z; under an
assumption that z; is normally distributed. For the pth percentile, this is equal to ¢’(p) =
Uz(1) + Oz(1)x X ®*(p/100), where g,(;), is the standard deviation of z;, computed by
taking the square root of the variance 022(1)* computed in step 6.

d) Finally, approximate the pth percentile of z; as c(p) = ¢’(p) + d(p) - d"(p).

Step 8: A spline function in the "true" primary pretest score with knots at ¢(5), ¢(25), ¢(75), and
c(95) would be estimated by including the following variables on the right-hand-side of a
regression:

z11; = (z1; = cONI(zy; < ¢(5))
Z1pi = (z1; — c(25))1(z1; < ¢(25))
zy3; = (21, — c(75)1(z1; > ¢(75))
Z14i = (21; — ¢(95))1(z1; > ¢(95))

alongside the student-level "true" primary pretest score z;; for student i, where I(.) is an
indicator variable that equals 1 if the statement inside the parentheses is true and 0 otherwise.
However, given that z;; is not observed, we instead produce predictions of the spline variables
using the following formulas:

5) = Zy
Z11i = (Z1; — c(B5))Py; — 0,9 (c()a—zl)
25) — 7,
Z12i = (Z1; — c(25))Py; — 0,0 (C(;—Zl)
Z1i — (75
Zy3; = (Z1; — ¢(75))P3; + 0r (w)

T
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Z1; — ¢(95
Z14i = (Z1; — c(95)) Py + 070 (w)

T

where g, is the square root of the diagonal element of X,.,. corresponding to the primary
pretest, ¢(.) is the standard normal probability density function, and the P terms are equal to
o C(5)_51i) L (C(25)—Z1i) L (511'_‘3(75)) L (511'—0(95))
P =® (—ar Py = & () py = o (D) py = 0 (B2
which are estimates of the probabilities that the "true" pretest z;; is below its 5t percentile,
below its 25 percentile, above its 75" percentile, and above its 95 percentile, respectively.

In steps 9 through 14, we estimate the growth model and produce student growth percentiles.

Step 9: We estimate the growth model's coefficients by regressing, by OLS, the posttest y on
the predictions that correspond to the spline function of the primary pretest, Z;;, Z11i, Z12i,
Z13i, and Z14;; all predictions of non-primary pretest variables in Z; and all indicators for missing
non-primary pretest variables W. This is estimating the growth model described at the
beginning of this section, except that all right-hand-side variables affected by measurement
error in pretests are replaced with predictions of what those variables would be in the absence
of measurement error. The use of these predictions adjusts for pretest measurement error
when estimating the coefficients.

Step 10: The coefficients on the spline variables are often difficult to interpret. It is much easier
to interpret the slopes of the segments of the spline function instead. We calculate these
slopes for the five segments of the slope function as below:

Slope of 1st segment (below 5™ percentile): sum of coefficients on Z;;, Z;4;, and Z;5;
Slope of 2nd segment (5% to 25 percentile): sum of coefficients on Z;; and Z,;

Slope of 3rd segment (25 to 75" percentile): coefficient on Z;;

Slope of 4th segment (75 to 95 percentile): sum of coefficients on Z;; and Z;5;

Slope of 5th segment (above 95" percentile): sum of coefficients on Z;;, Z;3;, and Zy4;

If any of these slopes are negative, we replace the coefficient on the appropriate spline variable
with a new coefficient equal to the difference between the coefficient and the slope, forcing
the slope of this segment to be zero. For example, suppose the slope of the 5™ segment of the
spline is -0.014, and coefficient on Z;4; is -1.536. In this situation, we replace the coefficient

on Z4; With -1.536 - (-0.014) = -1.522, which sets the slope of the 5" segment to zero.

Step 11: Using the coefficients estimated above, we compute student growth residuals equal to
the difference between actual post achievement y and predicted achievement j. When
computing predicted achievement ¥, the coefficients on the predicted pretests Z are multiplied
by the measured pretests z, not the predicted pretests Z. Similarly, the coefficients on the
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predicted spline variables for the primary pretest Z,1;, Z1,;, etc. are multiplied by spline
variables for the measured primary pretest z;, with the knots for the spline set at d(p) rather
than c(p).

Step 12: To compute SGPs, we need to know not only the difference between actual and
predicted post achievement, but also the variance of this difference. We allow this variance to
differ by the level of predicted achievement . This is computed using the following steps:

Demean the student growth residuals computed in step 11.

Divide predicted achievement J into 20 bins, each containing an equal number of
observations. (The bins may not be exactly equal, depending on the data.)

Calculate the standard deviation (SD) of the growth residuals in each of the predicted
achievement bins.

Compute a moving average standard deviation (MASD) by computing the average SD
across three adjacent bins, starting from the 2nd bin to the 19th bin. For example, the
MASD for the 2nd bin is the mean SD across the 1st, 2nd, and 3rd bins.

Set the MASD of the 1st bin to the average of the SD of the 1st bin and the MASD of the
2nd bin, and the MASD of the 20th bin to the average of the MASD of the 19th bin and
the SD of the 20th bin.

Step 13: The SGP is calculated for any given student by dividing the student growth residual
(obtained from step 11) by the moving average standard deviation (MASD) of residuals
(obtained in step 12) for the appropriate bin; transforming the quotient using the standard
normal cumulative distribution function; and multiplying the result by 100 and rounding.
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Appendix C. Interpolating Standard Errors of
Measurement at the Lowest and Highest Obtainable
Scale Scores

Sometimes, the model used to produce student-level predictions y; can cause these
predictions to fall outside the boundaries of the defined scale score. Let the floor and ceiling in
the data be denoted as 7 and 7, respectively. It is, therefore, possible that ;<7 orn, < J;.
However, the observed score can never fall outside these bounds.

When a prediction falls outside the boundaries of the scale score, it can cause bias in the
statistics used to characterize a student, teacher, principal, or school. This phenomenon seems
to occur as a result of the large conditional standard errors of measurement at the extreme

scores, csem(éi). The following procedure is implemented to deal with these large standard
errors.

Interpolation Procedure for Conditional Standard Errors of Lowest and Highest
Obtainable Scale Scores

Interpolate new conditional standard errors of measurement as the “nearest neighbor” of any
extreme value. Thus, at an M = 2 cutoff, for the highest obtainable scale score (HOSS) and the
score immediately below the HOSS, the SEM associated with the score two below the HOSS
would be used. Similarly, the lowest obtainable scale score (LOSS) and the score immediately
above the LOSS would have the SEM associated with the score two above the LOSS. As M
increases more points are included, and the point they are set to moves toward the middle of
the scale score distribution.

Adjustment of out-of-boundary predictions is implemented using the following steps:
Step 1. Run the regression without modification.
Step2.  Verify thatny < J; <, forall i.

Step 3. If the inequality in Step 2 is true, stop; the run is complete. Otherwise, continue
to Step 4.

Step 4. Set M =1 and update the SEMs of the exact HOSS and LOSS scores.

Step 5. Use the updated csem(8;) in lieu of the standard error of the LOSS and HOSS in
the test score data.

Step 6. Run the growth model.
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Step 7. Verify the inequality in Step 2; if it holds, stop updating. If it does not hold,
increase Mby 1 and return to Step 5.

If this method does not result in the inequality in Step 2 being met after M =7 (i.e., after
running with M = 7), then simply take the most recent run that did converge, set y;= 17,
where J; > 1., and y;= 1 where J; <7y. For the predicted variance, use the predicted
variance of the closest estimate where the inequality in Step 6 does hold.
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The teacher-student-course linkage file includes information about courses taught to students.

The item description provides information about which courses are relevant to State tests.

Table D1 shows the records used for growth model analysis. Students enrolled in Algebra |
(course codes 02052CC and 02050), Geometry (course code 02072CC), or Algebra 2 (course
code 02056CC) who take Grades 6-8 mathematics assessments or Grade 8 students who take
the Algebra | Regents examination are included in the analysis.

Table D1. Relevant Item Descriptions

Item Description

Grade 3 ELA

Grade 3 Mathematics

Grade 4 ELA

Grade 4 Mathematics

Grade 5 ELA

Grade 5 Mathematics

Grade 6 ELA

Grade 6 Mathematics

Grade 7 ELA

Grade 7 Mathematics

Grade 8 ELA

Grade 8 Mathematics

Grade 8 Algebra |
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Appendix E: Model Coefficients

The tables that follow display regression model coefficients (labeled as “Effects”) for the New
York growth model in each grade and subject. These model coefficients represent the predicted
change in current year test scores for one unit of change in each variable shown in the table,
holding other variables constant. For example, in Table E1, the coefficient on the pretest for the
central segment is equal to the predicted change in a student's current-year test score given a
one-point increase in a student's prior-grade test score when that prior-grade test score is in
the central segment of the spline function. For example, according to Table E1, a one-point
increase in a student's prior-grade ELA score within the range of the central segment of the
spline is associated with a 0.992 increase in a student's current-year ELA score.

The coefficient on the pretest in the central-left or central-right segment is equal to the
difference in slope between that segment and the central segment. To find out the predicted
change in a student's current-year test score given a one-point increase in a student's prior-
grade test score within the central-left or central-right segment, add the coefficient for that
segment to the coefficient for the central segment. For example, according to Table E1, a one-
point increase in a student's prior-grade ELA score within the range of the central-right
segment is associated with a -0.613 + 0.992 = 0.379 increase in a student's current-year ELA
score.

The coefficient on the pretest in the top or bottom segment is equal to the difference in slope
between that segment and the adjoining (if bottom, central-left; if top, central-right) segment.
To find out the predicted change in a student's current-year test score given a one-point
increase in a student's prior-grade test score within the top or bottom segment, add the
coefficients for that segment, the adjoining segment, and the central segment. For example,
according to Table E1, a one-point increase in a student's prior-grade ELA score within the
range of the top segment is associated with a 1.009 - 0.613 + 0.992 = 1.388 increase in a
student's current-year ELA score.

For yes/no variables, model coefficients represent the predicted change in current year test
scores given a change from no to yes. Missing flags are yes/no variables set to yes if the noted
variable is missing and no otherwise.

Because of the differences in model and variable types, it is important to keep in mind that
effect sizes cannot be compared directly across different types of variables.
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ect | Standard rror | pralue |

Constant Term 4.789 2.618 0.067
Prior-Grade ELA Scale Score - Bottom Segment -1.135 0.049 0.000
Prior-Grade ELA Scale Score - Central-left Segment 0.142 0.023 0.000
Prior-Grade ELA Scale Score - Central Segment 0.992 0.006 0.000
Prior-Grade ELA Scale Score - Central-right Segment -0.613 0.025 0.000
Prior-Grade ELA Scale Score - Top Segment 1.009 0.115 0.000

Table E2. Grade 5 ELA Model Coefficients

T et ame | efect | Stancard Eror | pale |

Constant Term -50.675 3.126 0.000
Prior-Grade ELA Scale Score - Bottom Segment -0.889 0.038 0.000
Prior-Grade ELA Scale Score - Central-left Segment 0.056 0.018 0.002
Prior-Grade ELA Scale Score - Central Segment 0.927 0.007 0.000
Prior-Grade ELA Scale Score - Central-right Segment -0.327 0.018 0.000
Prior-Grade ELA Scale Score - Top Segment -0.067 0.051 0.185
Two-Grades-Prior ELA Scale Score 0.135 0.005 0.000
Missing Flag: Two-Grades-Prior ELA Scale Score 79.899 2.913 0.000

Table E3. Grade 6 ELA Model Coefficients

Effect Name m Standard Error m

Constant Term -56.528 2.872 0.000
Prior-Grade ELA Scale Score - Bottom Segment -0.613 0.035 0.000
Prior-Grade ELA Scale Score - Central-left Segment -0.001 0.020 0.943
Prior-Grade ELA Scale Score - Central Segment 0.826 0.007 0.000
Prior-Grade ELA Scale Score - Central-right Segment -0.299 0.016 0.000
Prior-Grade ELA Scale Score - Top Segment -0.134 0.046 0.003
Two-Grades-Prior ELA Scale Score 0.223 0.005 0.000
Missing Flag: Two-Grades-Prior ELA Scale Score 130.292 2.794 0.000
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Constant Term -19.865 3.308 0.000
Prior-Grade ELA Scale Score - Bottom Segment -0.757 0.037 0.000
Prior-Grade ELA Scale Score - Central-left Segment 0.037 0.017 0.024
Prior-Grade ELA Scale Score - Central Segment 0.927 0.008 0.000
Prior-Grade ELA Scale Score - Central-right Segment -0.221 0.019 0.000
Prior-Grade ELA Scale Score - Top Segment 0.020 0.062 0.748
Two-Grades-Prior ELA Scale Score 0.092 0.006 0.000
Missing Flag: Two-Grades-Prior ELA Scale Score 55.453 3.276 0.000

Table E5. Grade 8 ELA Model Coefficients

T et Name | “efect_| Stancard Eror | paiue |

Constant Term -91.847 3.131 0.000
Prior-Grade ELA Scale Score - Bottom Segment -0.959 0.041 0.000
Prior-Grade ELA Scale Score - Central-left Segment 0.033 0.020 0.112
Prior-Grade ELA Scale Score - Central Segment 1.032 0.008 0.000
Prior-Grade ELA Scale Score - Central-right Segment -0.375 0.019 0.000
Prior-Grade ELA Scale Score - Top Segment -0.164 0.052 0.002
Two-Grades-Prior ELA Scale Score 0.133 0.005 0.000
Missing Flag: Two-Grades-Prior ELA Scale Score 78.730 3.274 0.000

Table E6. Grade 4 Mathematics Model Coefficients

Constant Term -10.940 2.991 0.000
Prior-Grade Mathematics Scale Score - Bottom Segment -1.302 0.049 0.000
Prior-Grade Mathematics Scale Score - Central-left Segment 0.265 0.020 0.000
Prior-Grade Mathematics Scale Score - Central Segment 1.036 0.007 0.000
Prior-Grade Mathematics Scale Score - Central-right Segment -0.565 0.032 0.000
Prior-Grade Mathematics Scale Score - Top Segment 2.491 0.155 0.000
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et | tandard Error | palue |

Constant Term -53.417 2.715 0.000
Prior-Grade Mathematics Scale Score - Bottom Segment -0.567 0.040 0.000
Prior-Grade Mathematics Scale Score - Central-left Segment -0.315 0.015 0.000
Prior-Grade Mathematics Scale Score - Central Segment 0.882 0.006 0.000
Prior-Grade Mathematics Scale Score - Central-right Segment 0.085 0.017 0.000
Prior-Grade Mathematics Scale Score - Top Segment 0.260 0.059 0.000
Two-Grades-Prior Mathematics Scale Score 0.173 0.005 0.000
Missing Flag: Two-Grades-Prior Mathematics Scale Score 103.731 3.082 0.000

Table E8. Grade 6 Mathematics Model Coefficients

Effect Name m Standard Error m

Constant Term -50.861 2.479 0.000
Prior-Grade Mathematics Scale Score - Bottom Segment -0.585 0.041 0.000
Prior-Grade Mathematics Scale Score - Central-left Segment -0.242 0.017 0.000
Prior-Grade Mathematics Scale Score - Central Segment 0.826 0.006 0.000
Prior-Grade Mathematics Scale Score - Central-right Segment -0.069 0.014 0.000
Prior-Grade Mathematics Scale Score - Top Segment 0.602 0.067 0.000
Two-Grades-Prior Mathematics Scale Score 0.217 0.005 0.000
Missing Flag: Two-Grades-Prior Mathematics Scale Score 129.338 3.052 0.000

Table E9. Grade 7 Mathematics Model Coefficients

Constant Term -99.407 2.667 0.000
Prior-Grade Mathematics Scale Score - Bottom Segment -0.684 0.053 0.000
Prior-Grade Mathematics Scale Score - Central-left Segment -0.270 0.023 0.000
Prior-Grade Mathematics Scale Score - Central Segment 0.955 0.006 0.000
Prior-Grade Mathematics Scale Score - Central-right Segment -0.125 0.012 0.000
Prior-Grade Mathematics Scale Score - Top Segment -0.197 0.062 0.001
Two-Grades-Prior Mathematics Scale Score 0.213 0.005 0.000
Missing Flag: Two-Grades-Prior Mathematics Scale Score 126.464 3.127 0.000
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Table E10. Grade 8 Mathematics Model Coefficients

Effect Name m Standard Error m

Constant Term -99.766 4.501 0.000
Prior-Grade Mathematics Scale Score - Bottom Segment -0.665 0.065 0.000
Prior-Grade Mathematics Scale Score - Central-left Segment -0.406 0.031 0.000
Prior-Grade Mathematics Scale Score - Central Segment 1.094 0.010 0.000
Prior-Grade Mathematics Scale Score - Central-right Segment -0.158 0.016 0.000
Prior-Grade Mathematics Scale Score - Top Segment 0.302 0.061 0.000
Two-Grades-Prior Mathematics Scale Score 0.097 0.009 0.000
Missing Flag: Two-Grades-Prior Mathematics Scale Score 58.54 5.425 0.000

Table E11. Grade 8 Algebra | Model Coefficients

Constant Term -179.931 3.761 0.000
Prior-Grade Mathematics Scale Score - Bottom Segment -0.550 0.033 0.000
Prior-Grade Mathematics Scale Score - Central-left Segment 0.258 0.014 0.000
Prior-Grade Mathematics Scale Score - Central Segment 0.358 0.007 0.000
Prior-Grade Mathematics Scale Score - Central-right Segment -0.202 0.029 0.000
Prior-Grade Mathematics Scale Score - Top Segment 0.235 0.077 0.002
Two-Grades-Prior Mathematics Scale Score 0.149 0.008 0.000
Missing Flag: Two-Grades-Prior Mathematics Scale Score -179.931 3.761 0.000
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