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MSDE used PARCC assessments from 2015 through 2019 to measure schools’ contributions to student learning, 
or growth, in reading and in math, annually between grades 3 and 8, using student growth percentiles (SGPs). 
SGPs examine improvement from wherever students start and provide additional information about a school’s 
contribution beyond proficiency levels.   

MSDE began administering its Kindergarten Readiness Assessment (KRA) at the start of the 2014/15 school year. 
The KRA measures children’s knowledge and skills at the point of school entry in four domains: language and 
literacy, mathematics, social foundations, and physical well-being and motor development. The information on 
children’s development and skills at kindergarten entry can inform decisions about how to support children’s 
learning at the school, district, and state levels. In the 2017/18 school year, this first KRA cohort completed the 
grade 3 PARCC, which created an opportunity to measure growth from kindergarten entry through the end of 
grade 3, or K–3, for the first time. 

MSDE partnered with Regional Educational Laboratory (REL) Mid-Atlantic to examine whether it was feasible to 
construct a K–3 SGP growth measure. Equipped with a valid K–3 growth measure, MSDE would be able to identify 
elementary schools with low- and high-performing early grades, and more effectively guide policy and resources 
to improve those schools. With more than 28 states using kindergarten entry assessments (Education Commission 
of the States, 2020), this study provides a blueprint for constructing early elementary growth measures using 
different assessments that are administered more than one year apart. 

The key findings from the study were: 

• The overall Kindergarten Readiness Assessment score performs about as well in predicting grade 3 
achievement as combinations of kindergarten readiness subscores.  

• Schools’ K–3 growth estimates are likely less valid than schools’ grade 3–4 growth estimates but have a 
similar level of precision.  

• Schools’ K–3 growth estimates are much less precise for smaller schools than for larger schools. 

• Administering the Kindergarten Readiness Assessment to a subset of students in each classroom (as 
opposed to all students) greatly reduces the precision of schools’ K–3 growth estimates.  

To inform the understanding of local school officials in Maryland as well as officials in other states that might 
consider measuring K–3 student growth, this memo describes the data and methods that MSDE and REL Mid-
Atlantic used for this study. In the sections that follow, we first describe the data sources and sample used to 
calculate the K–3 school growth measure. We then describe how we calculated the growth measure, followed by 
our approaches for assessing the validity and precision of the measure. We conclude the memo with thoughts 
about the future of calculating K–3 school growth measures. 

B. Data sources and sample 
The study used administrative data on assessments and schools attended each year, provided by MSDE. Below 
we describe the data sources and sample in detail. 

1. Data sources 
A list of the data files from MSDE is in Exhibit 1. Students, schools, and districts were uniquely identified across 
these files using student, school, and district identification numbers that MSDE provided. No personal identifiers 
such as student names were included in the data.  

Kindergarten Readiness Assessment (KRA) data. The KRA measures skills and knowledge consistent with 
Maryland’s early learning standards for children of kindergarten age. For example, the KRA measures 
understanding of common vocabulary; knowledge of shapes, colors, and numbers; and the ability to attend to a 
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learning task. For each kindergartner administered the KRA in 2014, the data included an overall KRA scaled score; 
a readiness level based on this overall score (demonstrating, approaching, and emerging); and a scaled score for 
each of the assessment’s four domains: language and literacy, mathematics, social foundations, and physical well-
being and motor development. The data file also indicated the school and district where the student took the KRA. 
(These data excluded scores for students at the Maryland School for the Blind and the Maryland School for the 
Deaf.) See Exhibit 2 for a description of the KRA assessment.  

Partnership for Assessment of Readiness for College and Careers (PARCC) data. For school year 2017/18, for 
each student, the data included scaled scores for the reading and math subject tests that were administered as 
part of the spring PARCC in grade 3. The data file also included a proficiency level for each subject based on these 
scores (ranging from 1 to 5) and indicated the school and district where the student took the spring PARCC. See 
Exhibit 2 for a description of the PARCC assessment. 

Attendance data. For each student and each school year, the data included the grade and school in which the 
student was enrolled as of the last day of the school year. The study used these data to account for student 
movement across schools when calculating the school growth measure. In other words, students who transferred 
schools between the start of kindergarten and the end of grade 3 contributed to the growth measure for each 
school they attended, based on the amount of time the student was enrolled in each school. The data included 
the date the student enrolled in each school each year and the number of days in attendance and absent. The 
study used the attendance data to calculate the amount of time each student was enrolled in each school.   

Exhibit 1. Data provided by the Maryland State Department of Education 
Data source How data were used 

KRA scores for 2014/15 school year Kindergarten scores for the K–3 growth measure 

PARCC scores for 2017/18 school year Grade 3 scores for the K–3 growth measure 

Attendance data for 2014/15 through 2017/18 school years Link students to schools and districts 

KRA is Kindergarten Readiness Assessment. PARCC is Partnership for Assessment of Readiness for College and Careers.  
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Exhibit 2. Snapshot of the Kindergarten Readiness Assessment and Partnership for Assessment of Readiness 
for College and Careers assessment 

Assessment 
When it is 

administered What it measures How it is scored How it is scaled 
KRA  Kindergarten, 

fall  
Kindergarten 
readiness across four 
domains: language 
and literacy, 
mathematics, social 
foundations, and 
physical well-being 
and motor 
development 

Domain 
subscores range 
from 202 to 298 
(and to 293 for 
physical well-
being and motor 
development) 
Overall scaled 
score ranges 
from 202 to 298  

Overall scores are categorized into three 
performance levels:  
Demonstrating readiness: A child demonstrates 
foundational skills and behaviors that prepare them 
for curriculum based on kindergarten standards.  
Approaching readiness: A child demonstrates some 
foundational skills and behaviors that prepare them 
for curriculum based on kindergarten standards. 
Emerging readiness: A child demonstrates minimal 
foundational skills and behaviors that prepare them 
for curriculum based on kindergarten standards. 

PARCC  Grades 3–8, 
springa  

Mastery of grade-
specific standards for 
English language 
arts/literacy 
(reading) and math 

Overall scaled 
score for each 
subject (reading 
and math) 
ranges from 650 
to 850 

Subject scaled scores are categorized into five 
performance levels:  
Level 5: Exceeded expectations 
Level 4: Met expectations 
Level 3: Approached expectations 
Level 2: Partially met expectations 
Level 1: Did not yet meet expectations 

KRA is Kindergarten Readiness Assessment. For more information about this assessment, see Maryland State Department of Education (n.d.) and WestEd 
(2014). PARCC is Partnership for Assessment of Readiness for College and Careers. For more information about this assessment, see Partnership for 
Assessment of Readiness for College and Careers (n.d.) and Pearson (2019). 
a. End-of-course assessments in English, Algebra I, Algebra II, and Geometry are administered in high school and excluded here because they are not used 
in MSDE’s growth measures.  
Note: Reliability estimates for the KRA and PARCC are provided in technical reports. The raw score reliability coefficients for the assessments used in this 
study are as follows: 0.95 for the 2014/15 KRA overall score, 0.90 for the grade 3 PARCC reading assessment (0.88 for paper-based), and 0.94 for the grade 
3 PARCC math assessment (0.93 for paper-based) (Pearson, 2019; WestEd, 2014).  
Source: Maryland State Department of Education (n.d.) and Partnership for Assessment of Readiness for College and Careers (n.d.) 

2. Sample 
In collaboration with MSDE, the study team established rules to determine which schools and students would be 
used in the analysis. The study used a sample of students who were eligible for inclusion in the K–3 growth 
measure because they took both the KRA in fall 2014 and the grade 3 PARCC assessment in spring 2018. The study 
calculated growth measures for the sample of schools that these students attended.  

School sample. Schools must have had at least 10 eligible students for growth measures to be reported, per 
MSDE’s Every Student Succeeds Act plan. (Definitions for eligible students are defined below.) Among the 977 
schools serving K–3 students, 905 schools had at least 10 eligible students.  

Student sample. The analysis for math included 54,393 students; the analysis for reading included 54,397 
students. To be included in the analysis, students needed a 2014/15 KRA score and a 2017/18 grade 3 PARCC score 
in math or reading. Because a 2014/15 KRA score and a 2017/18 PARCC score were required to calculate growth, 
the analysis necessarily excluded students who were in kindergarten in 2014/15 and then skipped or repeated a 
grade before grade 3. Similarly, the analysis excluded students who joined the MSDE school system after their 
cohort’s kindergarten assessment window and/or left the system before their cohort’s grade 3 assessment 
window. Students with significant cognitive disabilities who took only the alternate assessment (that is, the Multi-
State Alternate Assessment) were also excluded. 

Among the original cohort of students who completed the KRA in 2014/15 (that is, the group of students for which 
growth could have been calculated, if the student also completed the grade 3 PARCC), about 86 percent of the 
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cohort was included in the analysis. About 14 percent were excluded from the analysis because they lacked a 
grade 3 assessment score (for example, because they left the Maryland public schools or experienced non-
traditional grade progression after taking the KRA). A very small percentage (0.37 percent) were excluded because 
they took the alternate assessment instead of the PARCC.  

C. Calculating the school growth measure 
To calculate the school growth measure, the study 
team first calculated a measure of growth for each 
student. For each school, we then took the average of 
the student growth measures for the students who 
attended that school. The school growth measure 
therefore provides an estimate of the school’s 
contributions to a typical student’s academic growth. 
We discuss these two steps below. 

1. Student growth measure 

Student growth measures are intended to measure 
growth in a way that gives each student an equal 
opportunity to achieve high growth, regardless of their 
score on the initial assessment. In other words, it is 
possible for a student with a low score on the initial 
assessment to have high growth, and vice versa. 
Similarly, school growth measures give schools equal 
opportunity to obtain a high growth estimate, 
regardless of whether the school serves students with 
greater or lesser degrees of readiness. This means that 
all schools have the same chance of obtaining a high 
growth estimate, regardless of where they started. 

The study measured student growth using student 
growth percentiles (SGPs). An SGP is the percentile 
rank of a student’s current score relative to other students who had the same (or a similar) prior score as that 
student (Betebenner, 2009). For example, a student-level SGP of 75 indicates that the student scored higher than 
three-quarters of the students who had similar academic achievement at baseline. The study calculated SGP 
estimates as described in Betebenner (2009).  

The study used overall KRA scaled scores to group students based on their academic performance at kindergarten 
entry, meaning that all students in a particular group had similar KRA scores. The study then assessed each 
student’s performance in grade 3, as measured by PARCC scaled scores, relative to their group at kindergarten 
entry. SGPs were estimated separately for grade 3 reading and math. Further details on estimating SGPs are in 
Appendix A. 

When calculating SGPs, the study accounted for measurement error in the KRA score. Measurement error means 
the extent to which KRA scores do not reflect students’ actual ability. Measurement error causes some students 
with high ability to incorrectly receive low KRA scores, and vice versa. The study accounted for measurement error 
because it can cause SGPs to be too low for students or schools with low prior achievement and too high for 
students or schools with high prior achievement (Castellano & McCaffrey, 2017; Shang et al., 2015). The study 

Calculating the school growth measure: An 
overview 

1. For each student, calculate a grade 3 test score 
percentile relative to other students who had the 
same kindergarten test score (called a student growth 
percentile, or SGP). 

○ Use computer software designed to calculate these 
percentile scores using advanced statistical 
methods. 

○ Apply statistical methods to adjust for 
measurement error in kindergarten test scores. 

2. Calculate the average grade 3 test score percentile 
among students in each school (called a mean SGP, or 
MGP). 

○ Account for student movement across schools over 
time. 

3. Calculate confidence intervals, which are needed to 
identify true differences in growth when comparing 
schools. 

Further details on calculating the school growth measure 
are in Appendix A. 
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accounted for measurement error using a method called simulation extrapolation (SIMEX), as described in Shang 
et al. (2015). Additional details about these analyses are in Appendix A. 

2. School growth measure  

To calculate each school’s growth measure, the study calculated the average SGP—or mean SGP (MGP)—among 
the students who attended the school. The study calculated mean SGPs, rather than median SGPs, for two 
reasons: (1) our analyses showed MGPs are more precise than median SGPs (Dragoset et al., 2019) and (2) prior 
research has shown that MGPs are less biased than median SGPs, meaning they are more likely to reflect 
schools’ actual contribution to students’ academic growth (Castellano & Ho, 2015; Castellano & McCaffrey, 
2017). The study also calculated a two-year average MGP for each school, by taking the average of the school’s 
MGP from the 2015–2019 cohort and the MGP from the 2014–2018 cohort. 

When calculating MGPs, the study accounted for student movement across schools over time. Students who 
transferred schools between the start of kindergarten and the end of grade 3 contributed to the growth 
measure for each school they attended, based on the amount of time the student was enrolled in each school. 
Schools’ MGPs were constructed as weighted averages of their students’ SGPs, with students who spent more 
time at the school receiving more weight than students who spent less time at the school. The study accounted 
for student movement across schools because the opportunity for movement over the K–3 period, which spans 
four grades, is significantly higher than the amount expected for the grade 4–8 SGPs that MSDE currently 
calculates, which each span only one grade. More details are in Appendix A.  

D. Assessing validity and precision of the school growth measure 
The study assessed whether the growth measure is credible—or valid—in the sense that it measures what it is 
intended to measure: schools’ true contributions to their students’ K–3 growth. If the measure is not valid, MSDE 
would not be able to identify elementary schools with low- and high-performing early grades.  

The study also assessed the consistency—or precision—of the growth measure, meaning how much it may vary 
from year to year even if schools’ true performance is not changing. If school growth measures are not sufficiently 
precise, it would be difficult for MSDE to determine whether changes in those measures over time reflect true 
changes in school performance.  

The study assessed the validity and precision of the K–3 
school growth measure relative to the growth measures that 
MSDE uses for accountability in grades 3–6. These included 
growth measures for grades 3 to 4 and growth measures for 
grades 3 to 6.  

1. Validity 
In Maryland, students with high KRA scores tended to also 
have high grade 3 PARCC scores, and students with low KRA 
scores tended to have low grade 3 PARCC scores (Appendix 
Exhibits A.6 and A.7). However, to produce valid measures of 
K–3 growth, performance on the KRA must capture aspects 
of student academic ability that benefit from K–3 instruction and are measured by performance on the grade 3 
PARCC. If the relationship between KRA and grade 3 PARCC scores is weaker than the relationships between 
PARCC scores for different grade levels, it would suggest that the KRA and grade 3 PARCC are measuring different 
aspects of academic ability, potentially compromising the measure’s ability to accurately measure schools’ 
contributions to student academic growth.  

 

Validity: Is the growth measure credible? Does it 
appear to be measuring what it is intended to 
measure: schools’ true contributions to their students’ 
K–3 growth? That is, is student academic performance 
in kindergarten and grade 3 related, as measured by 
the assessments? 

Precision: Is the growth measure consistent? That is, 
will schools’ growth measures vary from year to year 
even if their true performance is not changing? 
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To examine the validity of the K–3 growth measure, the study compared the strength of the relationship between 
students’ KRA scores and grade 3 PARCC scores to the strength of the relationships between students’ grade 3 
and grade 4 PARCC scores, for three cohorts of students. The study also compared the strength of the relationship 
between students’ KRA scores and grade 3 PARCC scores to the strength of the relationship between students’ 
grade 3 and grade 6 PARCC scores (which involve a similar amount of time between assessments as the K–3 growth 
measures). The study measured the strength of these relationships by calculating a correlation coefficient, which 
is a number that can range from -1 to 1, with numbers further from zero indicating a stronger positive or negative 
relationship.  

The study found that schools’ K–3 growth estimates are likely less valid than schools’ grades 3–4 growth estimates 
because the correlation between students’ KRA and grade 3 scores is significantly lower than the correlation 
between students’ grades 3 and 4 scores (Exhibit 5). The correlation between students’ KRA and grade 3 scores is 
also significantly lower than the correlation between students’ grade 3 and 6 scores.  

Exhibit 5. Correlation between students’ initial and subsequent assessment scores, by cohort 

Grades and school years 
Correlation coefficient 

Math Reading 

Between K (2014/15) and grade 3 (2017/18) scores 0.53 0.53 

Between grade 3 (2014/15) and grade 4 (2015/16) 0.86 0.82 

Between grade 3 (2015/16) and grade 4 (2016/17) 0.87 0.84 

Between grade 3 (2016/17) and grade 4 (2017/18) 0.87 0.85 

Between grade 3 (2014/15) and grade 6 (2017/18) 0.82 0.77 

Note: For each subject (math and reading), the study tested three conditions: (1) whether the correlation between kindergarten (Kindergarten Readiness 
Assessment [KRA]) and grade 3 (Partnership for Assessment of Readiness for College and Careers [PARCC]) scores (shown in the first row of the table) differed 
from the correlation between grade 3 and grade 4 PARCC scores (this test was run separately for each of the grade 3–4 cohorts, shown in the second through 
fourth rows of the table); (2) whether the correlation between grade 3 and grade 4 PARCC scores differed from the correlation between grade 3 and grade 
6 PARCC scores shown in the last row of the table (this test was run separately for each of the grade 3–4 cohorts, shown in the second through fourth rows 
of the table); and (3) whether the correlation between kindergarten and grade 3 scores differed from the correlation between grade 3 and 6 scores. All of 
these tests were significant at the 5 percent significance level.  
Source: Administrative data provided by the Maryland State Department of Education. 

The study also examined whether the validity of the K–3 school growth measure would be higher if, rather than 
using the overall KRA score, it used only the subscores for particular domains. Whereas the PARCC measures 
students’ performance for reading and math, the KRA assesses knowledge and skills in four domains: language 
and literacy, mathematics, social foundations, and physical well-being and motor development. Some of the 
domain subscores may relate more closely to grade 3 performance than others, and growth measures will be most 
valid if they use a configuration of the KRA score that most closely predicts grade 3 PARCC scores. The study found 
that the overall KRA score performed the best, meaning that it produced a growth measure with higher validity 
than did the subscores or combinations of subscores.  

Although the study found that schools’ K–3 growth estimates are likely less valid than schools’ grades 3–4 growth 
estimates, findings from other studies suggest that assessments of young children may be prone to lower 
correlations with later assessments. A comparison to other studies suggests that the KRA is predicting grade 3 
achievement reasonably well, relative to other kindergarten assessments. For example, a range of kindergarten 
readiness measures had weak to moderate correlations with grade 3 achievement scores, ranging from 0.10 to 
0.61 for grade 3 reading and 0.12 to 0.68 for grade 3 math, in two large United States studies (Duncan et al., 2007). 
The highest correlations from these studies are from a measure of math skills at kindergarten entry that was 
designed to track development over time in the 1998 Early Childhood Longitudinal Study, and these correlations 
are only slightly higher than the correlations found between KRA and grade 3 PARCC scores. 



 

REL Mid-Atlantic | School Growth Measure in Maryland 8  
 

2. Precision 
All school growth measures are estimates of schools’ true performance and may not equal true performance for 
various reasons. For example, a high-performing student’s test score might not reflect the student’s true abilities 
if they are feeling ill when they take the test. Therefore, a school’s growth measure based on that student’s test 
score might not equal the schools’ true contribution to student academic growth.  

The precision of a school’s growth estimate (such as an MGP) 
indicates how confident we are that the growth estimate equals 
the school’s true contribution to student academic growth. If 
school growth measures are not sufficiently precise, it will be 
difficult to determine whether changes in those measures over 
time reflect true changes in school performance. 

To examine precision, the study team calculated a confidence 
interval around each school’s growth measure. A confidence 
interval is a set of two numbers—one less than the school’s 
growth measure and one greater than it. These two numbers are called the upper and lower confidence limits. 
For example, a particular school—call it School A—might have a growth measure (that is, MGP) of 60 and a 
confidence interval of 50 to 70. The width of the confidence interval indicates to what extent the growth estimate 
equals the true change in school performance. Narrower confidence intervals are more desirable and indicate 
more precision. Wider confidence intervals indicate less precision. Continuing with the example described above, 
School A’s growth measure has a confidence interval width of 20 (range = 50 to 70). Suppose another school—call 
it School B—has a growth estimate of 60 and a confidence interval of 58 to 62, or a confidence interval width of 4 
(range = 58 to 62). School B’s growth measure is more precise than School A’s growth measure because its 
confidence interval is narrower (Exhibit 6). More details about how the study calculated a 95 percent confidence 
interval for each school’s growth measure are in Appendix A. 

 

What is a 95 percent confidence 
interval? 

This interval is a range of values that would 
contain the school’s true MGP 95 percent of 
the time, if the MGP calculation was repeated 
many times using different random samples of 
students in the school.  

Exhibit 6. School B’s growth measure is more precise than School A’s growth measure because its confidence 
interval is narrower 

Source: Hypothetical data. 

Two schools with different growth estimates cannot be considered to have true differences in growth unless their 
confidence intervals do not overlap (Exhibit 7). For example, suppose an average school—that is, a school with an 
MGP of 50—has a confidence interval of 32; call this School C. We could not conclude that School C has a different 
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level of growth than another school—call it School D—that has an MGP of 34 (16 percentile points below 50) or a 
third school—call it School E—that has an MGP of 66 (16 percentile points above 50). 

Exhibit 7. Schools D and E cannot be considered to have true differences in growth from School C because 
their confidence intervals overlap with School C’s confidence interval  

 
Source: Hypothetical data. 

The study assessed the precision of the K–3 school growth measure relative to an existing school growth measure 
in Maryland’s accountability system. In particular, the study compared the average confidence interval width for 
schools’ K–3 growth measures to the average confidence interval width for schools’ grades 3–4 growth estimates 
(calculated using the SGP and MGP methods described above).  

The study found that schools’ K–3 growth measures had a similar level of precision as schools’ grades 3–4 growth 
measures. The average confidence interval width for schools’ K–3 growth measures was 12 percentile points for 
math and 13 for reading, compared to 13 for schools’ grades 3–4 growth measures in both math and reading 
(Dragoset et al., 2019).  

The study also found that schools’ K–3 growth measures are much less precise for smaller schools than for larger 
schools. For math, the average confidence interval width was 32 percentile points for the smallest schools (those 
with fewer than 15 tested students) and 8 percentile points for the largest schools (those with more than 180 
tested students; Appendix Exhibit A.8). Results for reading were similar. 

Lastly, the study found that administering the KRA to a subset of students in each classroom greatly reduces the 
precision of schools’ K–3 growth measures. Beginning in school year 2016/17, Maryland law allowed districts to 
administer the KRA to a random subset of students in each classroom. Statewide, 34 percent of students took the 
KRA in 2016/17, 35 percent took it in 2017/18, and 39 percent took it in 2018/19. As a result, the average width 
of confidence intervals around schools’ K–3 growth measures doubled from roughly 12 to roughly 25 percentile 
points (Appendix Exhibits A.9 and A.10).  

E. Strengths and limitations of the school growth measure 
The key strength of the K–3 school growth measure calculated in the study is that it enables MSDE to identify 
schools with low- and high-performing early grades, and inform policy and resources to improve those schools. 
Prior to the calculation of the measure, there was a lack of standardized, consistent information on schoolwide 
student growth for the early elementary grades. The growth measure can help MSDE and local school officials 
identify areas of strength or need that warrant further investigation, by knowing how well each school is 
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supporting the academic growth of its youngest students. We discuss the limitations of the school growth measure 
below.  

States need to consider the validity of K–3 growth estimates before they are used for school accountability. This 
study identified some concerns about validity. In particular, the study’s findings suggest that schools’ K–3 growth 
estimates are likely less valid than schools’ grades 3–4 growth estimates. If K–3 estimates are prone to be less 
valid than later grade estimates, states could acknowledge these differences by assigning less weight to the K–3 
growth measure in their accountability framework, relative to growth measures in later grades. States could also 
consider publicly reporting the K–3 growth measure, but not using it in their formal accountability system.  

The K–3 school growth measures calculated in the study reflected only the students who had a KRA score and a 
grade 3 PARCC score, both of which were required to calculate growth. Students included in the analysis had 
higher KRA scores and higher PARCC scores than the students who were excluded from the analysis (Dragoset et 
al., 2019). If growth could be calculated for students missing one or both scores, growth measures might change 
for the schools in which these students were enrolled.  

The findings and conclusions may also differ under different growth models, such as a value-added models, which 
other states use to calculate growth. SGPs do not adjust for differences in student characteristics other than prior 
achievement.  

The study could not measure year-to-year stability (that is, reliability) for schools’ K–3 growth estimates because 
the 2017/18 grade 3 cohort was the first cohort to have completed the KRA. Examining year-to-year reliability can 
boost schools’ confidence in the measure by demonstrating that estimates are not driven by random year-to-year 
fluctuation in the data (Goldschmidt, Choi, & Beaudoin, 2012). 

Finally, the growth estimates calculated in the study could not account for student movement from one school to 
another within school years because such movement could not be observed in the data. Because the data only 
listed a single school for each student in each school year, the growth estimates account for student movement 
between school years, but not within school years. Collecting and maintaining data on all the schools that students 
attend during each school year would enable states to account for this type of movement when estimating 
schools’ K–3 growth.  

F. Looking to the future 
To effectively guide policy and resources, there is an emerging need for states to have information about how well 
their elementary schools are supporting student learning in all grades. This memo describes an approach to 
measuring schools’ contributions to student academic growth in the early grades when limited statewide 
assessments are available. MSDE and REL Mid-Atlantic collaborated to calculate K–3 growth using two different 
assessments and provided a model to other states interested in constructing similar measures. Maryland plans to 
continue administering the KRA in future school years and strengthen the elementary school growth measure 
with additional state assessments in the early grades. Additional research could examine K–3 growth estimates 
based on multiple cohorts, to help improve the validity and precision of the estimates.   
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APPENDIX A. Methods and additional findings 
This appendix provides details about the methods used to calculate the K–3 school growth measure and assess its 
validity and precision and presents additional findings.  

A. Calculating student growth percentiles 
Estimating a student growth percentile (SGP) involves two steps: (1) estimating quantile regressions of students’ 
current scores on their prior scores, and (2) calculating students’ SGP estimates using the results from those 
regressions. In the first step, the study estimated quantile regressions (as described in Koenker, 2005) of students’ 
current scores on their prior scores.1 Let 𝑄𝑄𝑖𝑖𝜏𝜏 denote the 𝜏𝜏th quantile of the current score, given student 𝑖𝑖’s value 
of the prior score, where 𝑖𝑖 runs from 1 to the number of students (n). For example, for 𝜏𝜏 = 0.50 (the median), 𝑄𝑄𝑖𝑖𝜏𝜏 
denotes the median current score among all students with a particular prior score. In the second step, the study 
compared each student’s current score to the 𝜏𝜏 distinct values of 𝑄𝑄𝑖𝑖𝜏𝜏, found the two consecutive values of 𝑄𝑄𝑖𝑖𝜏𝜏 that 
surround the student’s current score, took the midpoint of those two 𝜏𝜏 values, and multiplied that by 100. For 
example, if student 𝑖𝑖’s current score was between 𝑄𝑄𝑖𝑖0.935 and 𝑄𝑄𝑖𝑖0.945, that student’s estimated SGP was 94. 

The study estimated SGPs using the SGP package (Betebenner et al., 2019) in the statistical software program R 
(R Development Core Team, 2019). In that package, 𝑄𝑄𝑖𝑖𝜏𝜏 is, by default, estimated for 𝜏𝜏 = 0.005, 0.015, . . ., 0.995. 
The package estimates 𝑄𝑄𝑖𝑖𝜏𝜏 with nonparametric quantile regression, specifically, quantile regression with cubic B-
splines. Unlike parametric models that estimate a single regression for the entire dataset, a regression B-spline 
divides the dataset into multiple bins of students with similar prior scores and estimates a separate regression 
within each bin (De Boor, 2001; Hardle et al., 2004). In the SGP R package, the type of regression that is 
estimated within each bin is a cubic polynomial (meaning that current scores are regressed on prior scores, prior 
scores squared, and prior scores cubed). The points that divide the data into bins are called knots. The 
regression functions on either side of each knot are constrained to have the same value and slope at the knot 
where they meet, so that the overall regression function is smooth at the knots. In the SGP R package, by 
default, the knots are defined as the 20th, 40th, 60th, and 80th percentiles of the prior score. 

B. Accounting for measurement error in the Kindergarten Readiness Assessment score 
Measurement error in students’ prior scores results in biased SGP estimates for students and biased mean SGP 
(MGP) estimates for schools (Castellano & McCaffrey, 2017; Shang et al., 2015). In particular, SGP and MGP 
estimates tend to be underestimated for students or schools with low prior achievement and overestimated for 
students or schools with high prior achievement. Based on consultations with the Maryland State Department of 
Education (MSDE), the K–3 model adjusted for measurement error in students’ prior scores using the SIMEX 
method. 

The SIMEX method is a measurement error correction technique, originally proposed by Cook and Stefanski 
(1994), that reduces this bias in SGP and MGP estimates (Castellano & McCaffrey, 2017; Shang et al., 2015). The 
technique first uses simulation to measure the consequences for the quantile score estimates, 𝑄𝑄𝑖𝑖𝜏𝜏, of adding 
incrementally more measurement error to the prior assessment scores. Then, the technique uses the relationship 
between the amount of measurement error and the quantile score estimates to extrapolate how the quantile 

 
1 Whereas a linear regression of students’ current scores on their prior scores estimates the average change in the current score associated 
with a one unit increase in the prior score, a quantile regression of students’ current scores on their prior scores estimates the change in a 
specified quantile of the current score associated with a one-unit increase in the prior score. For example, a median regression (the median 
is the 50th percentile) of students’ current scores on their prior scores estimates the change in the median current score associated with a 
one-unit increase in the prior score. 
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estimates would appear had there been no measurement error in the prior assessment scores. Executing the 
method consists of two steps: simulation and extrapolation.  

In the simulation step, an increasing amount of extra measurement error is added to students’ Kindergarten 
Readiness Assessment (KRA) scores, and the quantile scores are calculated for each level of error. This study used 
four levels of error, described in more detail below. For each of those four levels of measurement error, the 
following process was repeated. First, a distribution, or set of likely values, for the measurement error was chosen 
to correspond to the level of measurement error, so that larger errors were more likely when the amount of error 
was higher. Second, a particular random amount of error from that distribution was chosen for each student and 
added to that student’s KRA score repeatedly 100 times, producing 100 new datasets of students’ prior 
assessment scores. Third, using each of the 100 datasets, quantile scores 𝑄𝑄𝑖𝑖𝜏𝜏 were then calculated using the 
standard method described above. Lastly, the quantile scores were averaged across the 100 iterations, resulting 
in a single set of quantile scores for the level of measurement error. The study assumed measurement error was 
distributed according to a normal distribution with a mean of zero and used a value of 10.14 for 𝜎𝜎2, the variance 
of the measurement error in the observed prior assessment score data. This value was the variance of 
measurement error for the 2014 overall KRA score based on the reported standard error of measurement and 
reliability coefficient (WestEd, 2014).  The variance of the measurement error added to students’ scores for each 
level of simulated measurement error was equal to  𝜆𝜆𝜎𝜎2, where 𝜆𝜆 was a number chosen between 0 and 2. For 
each level of simulated measurement error, the total measurement error (original measurement error plus added 
measurement error) had a variance equal to (1 + 𝜆𝜆)𝜎𝜎2. This study used four values of 𝜆𝜆, set to 0.5, 1, 1.5, and 2, 
following Carroll et al. (1999).  

In the extrapolation step, the relationship between the averaged quantile scores for each level of measurement 
error and the value of 𝜆𝜆 corresponding to that level was measured and used to understand how the quantiles 
might appear, had no measurement error been present. The relationship was measured using an ordinary least 
squares regression, and the coefficient from that regression was used to calculate the predicted value of each 
quantile score at 𝜆𝜆 = -1, which is the level of 𝜆𝜆 that corresponds to a measurement error variance of zero 
(because (1 + 𝜆𝜆)𝜎𝜎2 is equal to 0 when 𝜆𝜆 = -1). These predicted values are the SIMEX estimates of the quantile 
scores, denoted as 𝑄𝑄𝑖𝑖,𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜏𝜏 . The SGP estimate derived from 𝑄𝑄𝑖𝑖,𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜏𝜏  was denoted as SGPSIMEX. 

Following McCaffrey et al. (2015), the study made one final adjustment to the SIMEX-adjusted SGP estimates, to 
improve the distributional properties of those estimates. In particular, the study took the percentile ranks of the 
SIMEX-adjusted SGP estimates, which was an ordinal transformation that preserved the ordered ranking of 
students’ SGP estimates. McCaffrey et al. demonstrated that SIMEX-adjusted SGPs have a U-shaped distribution, 
meaning that larger percentages of students have SGP values near 0 and 100 than near 50. In contrast, non-
SIMEX-adjusted SGPs, as well as SGPs based on an assessment without any measurement error, have the 
appealing property of being uniformly distributed (meaning that the percentage of students with a particular 
SGP value is the same for every value). McCaffrey et al. showed that taking the percentile ranks of SIMEX-
adjusted SGPs results in SGP estimates that are uniformly distributed and that retain the desirable property of 
SIMEX-adjusted SGPs (that is, they reduce the bias caused by measurement error in the prior assessment). 

As noted on page 6, school-level growth estimates were then constructed as weighted averages of their 
assigned students’ SGPs. 

C. Accounting for student movement between schools 
To account for student movement between schools, the study assigned weights proportional to the amount of 
time the student was enrolled at each school over the K–3 period. Proportional weighting comprised three 
steps: (1) identifying each school that the student attended over the period, (2) determining the proportion of 
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the K–3 period that the student was enrolled at each school, and (3) constructing the final weights as described 
below:  

1. Identifying schools. Ideally, every school that the student attended between administration of the KRA and 
the grade 3 Partnership for Assessment of Readiness for College and Careers (PARCC) would receive credit for a 
portion of the student’s academic growth over this period (that is, the student’s SGP estimate). However, a 
complete attendance record for each student was not part of the data available for this study. Rather, students’ 
school enrollment in the dataset was observed at six points in time: (1) at KRA administration, (2) on the last day 
of kindergarten, (3) on the last day of grade 1, (4) on the last day of grade 2, (5) at PARCC administration, and (6) 
on the last day of grade 3.  

Because the data provided by MSDE only listed a single school for each student in each school year, the growth 
measures accounted for student movement between school years, but not within school years. Collecting and 
maintaining data on student movement within a school year, such that there is attendance data on all schools 
that students attend during each school year, would enable states to account for this type of movement when 
estimating schools’ contributions to students’ academic growth. 

The student attendance data identified the school where the student was enrolled as of the last day of the 
school year in kindergarten through grade 3 (hereafter referred to as the student’s end-of-year school), the date 
the student enrolled in the school that year, and the number of days the student was in attendance and absent. 
The assessment data identified the school where the student was enrolled when the student completed the KRA 
and grade 3 PARCC (hereafter referred to as the student’s assessment school). Multiple transfers between these 
two time points and attendance at other schools before the assessments each year were not observed.  

To calculate schools’ growth measures, students were assigned to the single school in each school year for which 
the number of days they were in attendance or absent was available: their end-of-year school. The one 
exception to this rule is that students were assigned to their grade 3 assessment school for grade 3, even when 
that school differed from their end-of-year school that year. In the latter case, students transferred to their end-
of-year school after taking the grade 3 assessment, so the end-of-year school did not contribute to the student’s 
academic growth as measured by the grade 3 assessment. Such students were therefore not assigned to their 
end-of-year school for the grade 3 school year to prevent them from contributing to a growth measure for a 
school they did not attend between the KRA and grade 3 PARCC. This included instances where the student had 
a grade 3 assessment score but was not observed in the grade 3 attendance data file, indicating the student 
exited the MSDE school system after taking the PARCC.  

2. Calculating the percentage of time enrolled. Students’ percentage of days enrolled in their assigned school 
for each year was defined as the number of days they were enrolled in the school that year out of the total 
number of days the school was in session the same year. The number of days enrolled was defined as the sum of 
the total days attended and the total days absent, as indicated for student’s end-of-year school on the 
attendance data provided by MSDE. The total number of days the school was in session was defined as 180 days, 
which is the number of instructional days for the MSDE school year.  

Because the student attendance data only reported days attended and days absent for the student’s end-of-year 
school, data on students’ total days enrolled in the assessment school were not available when the school 
differed from their end-of-year school. In these cases (less than 1 percent of students in the K–3 sample), the 
percentage of days enrolled in the assessment school was therefore estimated and assumed the student was 
enrolled in the assessment school for the portion of the year that the student was not enrolled in the end-of-
year school. That is, when the two schools differed, the percentage of days enrolled at the grade 3 assessment 
school was calculated as 100 percent minus the percentage of days enrolled in the grade 3 end-of-year school.  
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3. Constructing proportional weights. The SGP for each of the school’s students was weighted according to the 
amount of time the student was enrolled in the school over the four-year period. Specifically, each SGP was 
apportioned to the student’s assigned school in each year with a weight equal to the proportion of time the 
student was enrolled in the school that year multiplied by 0.25, to reflect that growth was estimated over four 
years. Students’ growth measures could be more precisely apportioned across schools by using more 
comprehensive student enrollment data, including whether a student attended part-day or full-day 
kindergarten, and with detailed information on the timing of the PARCC in each school.  

For example, a student who enrolled in kindergarten at the start of the year and attended the same school—
named School A—through grade 3, without ever transferring schools, would be observed with 100 percent days 
enrolled at the same school in each of the four years, as indicated in Exhibit A.1. Therefore, this student’s SGP 
would be entirely attributed to School A. 

Exhibit A.1. Example of constructing proportional weights when a student does not move schools between 
kindergarten and grade 3 

Grade School 

Percent of 
days 

enrolled 

Percent of 
four-year 

period Weight 
K A 100 100/4=25 1 * 0.25 = 0.25 
1 A 100 100/4=25 1 * 0.25 = 0.25 

2 A 100 100/4=25 1 * 0.25 = 0.25 

3 A 100 100/4=25 1 * 0.25 = 0.25 

Source: Hypothetical data. 

Next, take an example of a student who enrolled in kindergarten at the start of year and attended the same 
school (School B) through grade 2, but then changed schools (to School C) between grades 2 and 3. This student 
would be also observed with 100 percent days enrolled in each of the four years, but their school would change 
in grade 3. Therefore, 75 percent of the student’s SGP would be attributed to School B, which taught the student 
for three full years, and 25 percent would be attributed to School C, which taught the student one full year 
(Exhibit A.2). 

Exhibit A.2. Example of constructing proportional weights when a student changes schools between grades 2 
and 3 

Grade School 

Percent of 
days 

enrolled 

Percent of 
four-year 

period Weight 
K B 100 100/4=25 1 * 0.25 = 0.25 

1 B 100 100/4=25 1 * 0.25 = 0.25 

2 B 100 100/4=25 1 * 0.25 = 0.25 

3 C 100 100/4=25 1 * 0.25 = 0.25 

Source: Hypothetical data. 

Next, take an example of a student who enrolled in kindergarten at the start of the year and then changed schools 
(from School D to School E) in the middle of grade 1. This student would be observed with 100 percent days 
enrolled in kindergarten for School D, 100 percent days enrolled in grades 2 and 3 for School E, but only 50 percent 
days enrolled in grade 1, because the student enrolled in their end-of-year school (School E) in the middle of the 
school year (Exhibit A.3). School E, which taught the student for two and a half years, would receive 62.5 percent 
(or 2.5 years divided by 4 years) of the student’s SGP. School D, which taught the student for one and a half years, 
should receive the remaining 37.5 percent. However, it would receive only 25 percent, and the remaining 12.5 
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percent would not be attributed to any school’s growth measure, because the student’s enrollment in School D 
during the first half of grade 1 is unobserved in the data. 

Exhibit A.3. Example of constructing proportional weights when a student changes schools in the middle of 
grade 1 

Grade School 

Percent of 
days 

enrolled 

Percent of 
four-year 

period Weight 

K D 100 100/4=25 1 * 0.25 = 0.25 

1 E 50 100/4=25 0.5 * 0.25 = 0.125 

2 E 100 100/4=25 1 * 0.25 = 0.25 

3 E 100 100/4=25 1 * 0.25 = 0.25 

Source: Hypothetical data. 

Finally, take an example of a student who enrolled in kindergarten at the start of the year, left the MSDE school 
system before the end of the year, but then returned in grade 1 and attended the same school (School F) through 
grade 3. This student would be observed with zero days enrolled in kindergarten (because the student did not 
have an end-of-year school), and then 100 percent days enrolled in grades 1 through 3 (Exhibit A.4). School F 
would receive 75 percent of the student’s SGP, and the remaining 25 percent would not be attributed to any 
school because the school the student attended during kindergarten was unobserved in the data. 

Exhibit A.4. Example of constructing proportional weights when a student leaves the school system in the 
middle of kindergarten and returns in grade 1 

Grade School 

Percent of 
days 

enrolled 

Percent of 
four-year 

period Weight 

K N/A 0 0/4=25 0 * 0.25 = 0 

1 F 100 100/4=25 1 * 0.25 = 0.25 

2 F 100 100/4=25 1 * 0.25 = 0.25 

3 F 100 100/4=25 1 * 0.25 = 0.25 

N/A = not available.  
Source: Hypothetical data. 

These examples illustrate two important points. First, in this study the credit a school received for a student’s 
growth (that is, the student’s SGP) was proportional to the amount of time the student was (observed to be) 
enrolled in the school over the four-year period, with each of the four years weighted equally. Second, schools 
only received credit for observed enrollment, and a student’s enrollments could not be completely observed in 
the data if the student transferred schools during a school year and/or left and then returned to the MSDE school 
system between the K–3 period. 

D. Calculating confidence intervals for schools’ growth estimates 
The study calculated a 95 percent confidence interval for each school’s growth measure using a method known 
as bootstrapping. This method involves recalculating schools’ growth estimates many times using different 
random samples of students from the original data and then examining the distribution of growth estimates 
calculated from those many samples. The bootstrapping method was necessary because the method used to 
calculate the growth measures (described in an earlier section) does not allow a more straightforward precision 
calculation. Below is an overview of the bootstrapping method, followed by details of how it was implemented 
for the K–3 growth estimates and the grades 3–4 growth estimates.  
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Overview of the bootstrapping method. Bootstrapping is a method for calculating a measure of variance or 
precision (such as a standard error or a confidence interval) for a sample statistic (such as a mean or a median). 
The standard error of any sample statistic is the standard deviation of the distribution of a large number of such 
statistics derived from the larger population of interest (called the sampling distribution for the statistic). For 
example, if one calculated the median height of a sample of women from the general population, the standard 
error of that median is a measure of how much that median value would differ across many different samples.2 
One can approximate the population-wide sampling distribution for a statistic by repeatedly resampling 
observations from the sample in the original data. In other words, instead of drawing many different samples from 
the population, one can draw many different samples from the original sample, with replacement (meaning that 
each individual observation can be selected multiple times), and then calculate the standard deviation of the 
statistic across those many samples. This process of resampling from the original data many times and then 
examining the distribution of a statistic calculated from those many samples is called bootstrapping. The number 
of samples is referred to as the number of bootstrap replications.  

Implementing the bootstrapping method for K–3 growth estimates. To calculate confidence intervals for schools’ 
K–3 growth estimates, each bootstrap replication consisted of the following three steps:  

1) Restrict the sample to students eligible for the particular analysis (for example, the math analysis or the 
reading analysis) and then randomly resample students within schools, with replacement. Sampling was done 
within schools to ensure that the size of each school (measured as the number of students contributing 
information to the school’s growth estimate) was constant across bootstrap replications, so that each school’s 
confidence interval would reflect variation in which students attended the school, but not how many students 
attended the school. More specifically, the study team sampled students within schools using a file containing 
all unique student–school combinations that appeared in the original data and their associated weights. As a 
simplified example, imagine an original dataset containing three students, in which the first student attended 
School A for all four years from 2014/15 through 2017/18, the second student attended School B for all four 
years, and the third student attended School A for two years and School B for two years. In this example, the 
first step of the bootstrap replication would randomly resample students within Schools A and B from a file 
that looks like Exhibit A.5.  

Exhibit A.5. Example of file containing students within schools 
Student School Weight 

1 A 1 

2 B 1 

3 A 0.5 

3 B 0.5 

Note: Student 3 is listed twice—for both School A and School B—because this student attended both of these schools during the four-year period of 
interest; they attended School A for the first two years and then attended School B for the last two years. 
Source: Hypothetical data. 

2) Calculate SGP estimates as described above in the “Calculating SGPs” section. This step included two 
noteworthy items:  
a) For the purpose of calculating these SGP estimates—which did not feed into the school growth estimates 

that were the focus of this study, but which were simply temporary SGP estimates that were used to 
calculate confidence intervals around schools’ growth estimates—the dataset of resampled students that 

 
2 Imagine repeating the exercise 1,000 times, each time drawing a different sample of women and then saving the median value calculated 
from that sample. The standard error of the median is equal to the standard deviation of the medians calculated for those 1,000 samples. 
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came out of step 1 was restricted to the set of unique students among those sampled. In other words, 
students picked twice only contributed one observation to the SGP calculation, rather than two. Students 
who switched schools during the study period were randomly selected more often than students who did 
not because they appeared more times in the file from which students were randomly resampled (in the 
example file above, student #3 [who switched schools during the study period] appeared more often than 
the other students [who did not switch schools]). Thus, restricting to the set of unique students among 
those sampled helped ensure that more mobile students (who were likely lower-growth students) were 
not overweighted in the calculation of SGP estimates simply because they were more mobile than other 
students. Each student’s SGP estimate from this step was then attached to all of that student’s observations 
in the full resampled dataset, and that dataset (in which some students appeared more than once) was 
used in step 3 below to calculate schools’ growth estimates.  

b) Although the growth estimates produced by this study were SIMEX-adjusted to account for measurement 
error in students’ prior scores, the study did not make this adjustment when calculating confidence 
intervals around those growth estimates in order to reduce computational complexity.3 The confidence 
intervals produced in this study might be slightly different from those produced using the SIMEX method. 
On the other hand, the width of the confidence interval around a school’s growth estimate is largely driven 
by school size (that is, the number of students who contribute information to the school’s growth 
estimate), and that sample size would not change if the SIMEX method were used. Thus, the confidence 
intervals produced by this study are likely a reasonable reflection of the amount of imprecision associated 
with schools’ growth estimates.  

3) Calculate each school’s growth estimate as the weighted mean of SGP estimates across all observations for 
that school in the full resampled dataset (in which some students appeared more than once).  

At the end of the 100 replications, for each school, the study calculated 2.5th and 97.5th percentiles of the 100 
values of the school’s growth estimate.4 These percentiles were the bootstrapped estimates of the upper and 
lower bounds of the 95 percent confidence interval of the growth estimate for that school. The width of the 
confidence interval for the school’s growth estimate equaled the difference between the upper and lower bounds. 

Implementing the bootstrapping method for grades 3–4 growth estimates. To calculate confidence intervals for 
schools’ grades 3–4 growth estimates, the study used the same procedure described above, with three changes. 
First, the sampling of students within schools was done using a file containing a single record for each student, in 
which each student was associated with their grade 4 school. Second, for the purpose of calculating SGP estimates 
in step 2 of each bootstrap replication, rather than using only one record for each unique student as was done for 
the K–3 growth estimates, students who were sampled repeatedly contributed their observation to the SGP 
calculation once for each time they were sampled. Unlike the approach used for the K–3 growth estimates, it was 
not necessary to restrict to unique students because each student appeared in the dataset used for sampling only 
once (so that the probability of a student being sampled repeatedly did not depend on whether they transferred 
between schools). Third, no weights were used in calculating schools’ growth estimates. Rather, each student’s 

 
3 In this study, a single run of the SGP package on a Windows server took 4 to 10 minutes (depending on various inputs, such as the sample 
size) with the SIMEX option turned off, and 7 to 15 hours with the SIMEX option turned on. Thus, taking into account the eight models the 
study team conducted (the model for K–3 growth, three models for grade 3–4 growth using three different cohorts, and two subjects [math 
and reading] for each of those four models), the team estimated that using the SIMEX option when bootstrapping would take more than 
90 days, even when using multiple computer processors simultaneously. 
4 To ensure that confidence intervals could be calculated within a reasonable amount of time, this study used 100 bootstrap replications. 
To understand the extent to which results might change if the analysis used 1,000 replications, the study ran one of the models (the math 
K–3 model) using both 100 and 1,000 replications. Results were similar, differing only in the decimal places. Specifically, the average 
confidence interval width (in percentile points) was 12.33 for schools using 100 replications, compared to 12.49 using 1,000 replications. 
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full weight (of 1) was given to the school with which they were associated for grade 4, because the grade 4 
assessment was designed to measure growth that occurred during grade 4, and because the majority of a 
student’s time between the two assessments was spent in grade 4.  

E. Additional findings 
The percentages of students at each PARCC performance level (for math and reading), by KRA readiness level, are 
shown in Exhibits A.6 and A.7. For example, 12 percent of students who had “emerging” math skills on the KRA 
met or exceeded expectations on the grade 3 PARCC, versus 63 percent of students who were already 
“demonstrating” math skills.  

Exhibit A.6. Percentage of students at each grade 3 Partnership for Assessment of Readiness for College and 
Careers math performance level, by Kindergarten Readiness Assessment readiness level  

 

4%

17%

39%

11%

25%

30%

21%

27%

19%

42%

26%

10%

21%

5%

1%

0% 20% 40% 60% 80% 100%

Demonstrating

Approaching

Emerging

Percentage of students at each PARCC performance level

KR
A 

re
ad

in
es

s 
le

ve
l

1: Did not yet meet expectations 2: Partially met expectations
3: Approached expectations 4: Met expectations
5: Exceeded expectations

KRA is Kindergarten Readiness Assessment. PARCC is Partnership for Assessment of Readiness for College and Careers.  
Source: Administrative data provided by the Maryland State Department of Education, 2014/15 to 2017/18. 
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Exhibit A.7. Percentage of students at each grade 3 Partnership for Assessment of Readiness for College and 
Careers reading performance level, by Kindergarten Readiness Assessment readiness level 
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The study found that schools’ K–3 growth estimates are much less precise for smaller schools than for larger 
schools (Exhibit A.8).  
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Exhibit A.8. Average confidence interval width for schools’ K–3 growth estimates, by school size  
School size (percentile/range)a Average confidence interval width for schools of that sizeb  
Math  
1st/1–14 students 32 
5th/15–30 students 19 
10th/31–41 students 16 
25th/42–59 students 14 
50th/60–79 students 12 
75th/80–107 students 11 
90th/108–132 students 10 
95th/133–148 students 9 
99th/149–179 students 9 
100th/180–208 students 8 
Reading  
1st/1–14 students 27 
5th/15–30 students 20 
10th/31–41 students 17 
25th/42–58 students 15 
50th/59–80 students 13 
75th/81–107 students 11 
90th/108–132 students 10 
95th/133–148 students 10 
99th/149–179 students 9 
100th/180–209 students 8 

a. This column shows school size measured as the number of students contributing information to the school’s K–3 growth estimate. 
b. This column shows the average confidence interval width for schools in a particular quantile of school size. For example, the first row of the table shows 
the average confidence interval width for schools in the 1st percentile of school size (that is, schools that have 14 or fewer students contributing information 
to their growth estimate). 
Source: Administrative data provided by the Maryland State Department of Education, 2014/15 to 2017/18. 

The study also found that administering the KRA to a subset of students in each classroom greatly reduces the 
precision of schools’ K–3 growth measures (Exhibit A.9).  

Exhibit A.9. Average confidence interval width for schools’ K–3 growth estimates, by percentage of students 
who take the Kindergarten Readiness Assessment (KRA) 

Sampling percentage 

Average confidence interval 
width (percentile points) 

Math Reading 
2014/15 full sample (all students take the KRA) 12 13 
2016/17 sampling percentages (34 percent of students overall take the KRA) 25 26 
2017/18 sampling percentages (35 percent of students overall take the KRA) 24 24 
2018/19 sampling percentages (39 percent of students overall take the KRA) 23 23 

Source: Administrative data provided by the Maryland State Department of Education. 

When all students take the KRA, the vast majority of schools have a confidence interval width less than 20 
percentile points (Exhibit A.10 shows results for math using the 2016/17 sampling percentages; results for reading 
and for other sampling percentages were similar). In contrast, when only a third of students take the KRA, more 
than half of schools have a confidence interval width greater than 20. 
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Exhibit A.10. Distribution of average confidence interval widths for schools’ K–3 math growth estimates, by 
whether all students or a subset of students take the Kindergarten Readiness Assessment (KRA) 
Number of schools

 
Note: This figure shows results using the same sampling percentages that the Maryland State Department of Education (MSDE) used in the 2016/17 school 
year.  
Source: Administrative data provided by MSDE. 
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