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[NOTE: The primary intended audience for the PowerPoint presentation is KDE 
leadership. As such, the presentation has a sharper focus than the accompanying 
methodological summary. Per KDE analyst request, after providing background 
information on the two research questions jointly addressed by KDE and REL AP 
data analysts, the presentation focuses on results from the second of the two 
research questions. REL AP may also repurpose slides for additional presentations 
delivered with KDE staff to broader audiences (for example, a REL AP webinar or 
professional conference). 

The primary audience for the accompanying methodological summary is the KDE 
analysts who REL AP supported to design and execute the analyses. The summary 
will serve as a reference for the KDE analysts moving forward as they perform 
similar work in the future. The summary will also provide reference information to 
any broader research audiences that REL AP may engage with in cooperation with 
KDE.] 
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Overview of Kentucky Early Mathematics and Reading Study 

• The Kentucky Department of Education’s strategic plan aims to increase grade 3 
student proficiency rates for mathematics and reading. 

• One of the State Consolidated Plan Goals is to reduce the percentage of students 
scoring lower than proficient on mathematics and reading by 50 percent by 2030 for 
students and student subgroups in tested grades. 

• As part of this effort, KDE is working in partnership with Regional Educational 
Laboratory Appalachia (REL AP) to identify schools with substantial gains in grade 3 
mathematics and reading to inform educator development and school improvement 
efforts throughout Kentucky. 

REL Appalachia at SRI International 

[CLICK] 
The Kentucky Department of Education (KDE) released a strategic plan in 2018 that 
prioritizes improved outcomes for students in mathematics and reading. 
It included a retrospective analysis of Kentucky students’ data that demonstrated 
that most of the 2018/19 grade 9 cohort who scored proficient in mathematics did 
so initially in grade 3—the first year they were tested; the same was true for 
reading. 
Given these results, KDE concluded that strong foundational mathematics and 
reading skills set these students up for success. 
KDE is developing a comprehensive statewide early mathematics and reading plan. 

[CLICK] 
A key objective of this effort is to get more students on track academically in their 
early years, so that by grade 3 they are performing well in mathematics and 
reading. 
One of the State Consolidated Plan Goals is to reduce the percentage of students 
scoring lower than proficient by 50 percent by 2030. 

[CLICK] 
KDE is working in partnership with REL Appalachia to identify the practices of high‐
growth schools to inform educator development and school improvement efforts 
throughout Kentucky. 
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Partnership with REL Appalachia 

Support KDE staff to foster the adoption of evidence-based mathematics and reading 
practices in the early grades across Kentucky to improve student achievement. 

REL Appalachia at SRI International 

[CLICK] 
In this partnership, the role of REL Appalachia is to support KDE staff to foster the 
adoption of evidence‐based mathematics and reading practices in the early grades 
across Kentucky to improve student achievement. 

[CLICK] 
Specifically, this project has three key elements: 
• A quantitative analysis to identify high‐performing and high‐growth schools, 
• Qualitative analysis of these schools to identify practices contributing to their 

success, and 
• Application of the findings in Kentucky schools and districts to foster the 

adoption of evidence‐based mathematics and reading practices in the early 
grades. 

[CLICK] 
In this presentation, we will focus on the findings from the quantitative analysis 
and how they can be used to inform the next part of the project. 
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Quantitative Analysis 
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Goal and research questions 

Goal: Identify high-performing and high-growth schools to inform 
school improvement efforts 

REL Appalachia at SRI International 

[CLICK] 
As we began our work together, we identified two primary research questions 
aimed at identifying schools to inform school improvement efforts. 

For our status research question, we wanted to identify high‐performing schools – 
schools whose students were doing better than statistically predicted in grade 3 
mathematics and reading in 2017 and 2018. 

For our growth research question, we wanted to identify high‐growth schools – 
schools showing above averages gains from 2014 to 2018 in grade 3 mathematics 
and reading. 

For both questions, we used historical third‐grade test data to create a model that 
would allow us to predict a school’s performance based on student and school 
demographic characteristics. 

This approach is called predictive modeling. 

[CLICK] 
For the status research question, we used data from 2017 and 2018 to investigate 
how each school’s actual grade 3 mathematics and reading performance compared 
to a set of predictions based on student and school demographic characteristics. 
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[CLICK] 
For example, suppose that a school was predicted to have a reading score of 205 based on 
the demographics of the students it served. 
If it had an actual score of 215, we would say that this school performed better than 
predicted. 
We called this difference the Status of the school. 
In this case, the Status would be 10, since the school performed 10 points above the level 
predicted by the model. 

[CLICK] 
For the second research question, we used data over a longer period – from  2014 to 2018 – 
to investigate how the school’s performance changed over time. 
Specifically, we looked at average annual change in school mean grade 3 reading and grade 3 
math scale scores over that five‐year period, accounting for both the demographics of the 
students served by the school and how those may have changed over time. 
This change was our estimate for growth of the school. 

[CLICK] 
Conditional on demographic characteristics, suppose that all schools improved by an average 
of 0.5 scale score points per year (or 2.5 points over the five‐year period). 
Now, suppose one study school improved an average of 1.5 scale score points per year (or 
7.5 points over the five‐year period). 
Our estimate of growth for that school would be the difference between how much it 
actually changed and how much it was predicted to change, or 5 points. 

The status and growth research questions are complementary. 

Although some high‐growth schools will be high‐performing, not all will. That said, high‐
growth schools that are not yet high‐performing may have recently adopted new 
interventions, policies or practices to boost student performance. If KDE can determine what 
changes have fueled school‐level growth, it can help other schools adopt similar changes as 
appropriate. 

Similarly, some high‐performing schools may not have shown substantial school‐level 
gains in recent years. This may be due to consistent high performance, which may be 
driven by long‐standing, well‐developed strategies for supporting students’ 
performance in early‐grade mathematics and reading. 

KDE can ultimately investigate both high‐performing and high‐growth schools in 
comparison to other schools in order to help KDE generate and test hypotheses 
about what may be driving their success. This may help inform school improvement 
and research efforts in the future. 



                           
                             

                             
   

To focus their efforts, however, KDE data analysts have decided to begin with high‐growth 
schools. As a result, the rest of this presentation focuses on results from research question 
2, focused on school‐level growth from 2014 to 2018 in students’ grade 3 mathematics and 
reading performance. 



       

 

 

 

                               
   

                       
 

                       
 
                       

                   
   

                               
                     
                       

   

                 

 
                 

                 

Dataset and sample 

• Dataset 
– Obtained data from Kentucky Center for Statistics (KSTATS) 
– Examined grade 3 student scale scores on Kentucky Performance Rating for Educational Progress 

(K-PREP) mathematics and reading tests 
– Included key demographic information 

– Age – English learner status 
– Gender – Free and reduced-price lunch (FRPL) status indicating economic disadvantage 
– Race – Individualized education program (IEP) status indicating students with disabilities 

• Sample 
– First-time grade 3 students who attended a school for at least 100 days between 2014 and 2018 

– Created school-level measures for 727 schools from student averages 

REL Appalachia at SRI International 

We want to briefly draw your attention to the contents of the dataset we used and 
who was included. 

[CLICK] 
First, for the data, we worked with KSTATS to obtain deidentified student‐level 
administrative data. 
We focused on the third‐grade student scale scores on the K‐PREP mathematics 
and reading assessments. 
We also had key demographic information, such as age, gender, race, and 
indicators for English learner, free and reduced‐price lunch, and individualized 
education program status. 

[CLICK] 
For the analyses, we included all students who were in grade 3 for the first time, 
had attended for at least 100 days, and had K‐PREP scores. 
For each school, we took averages of student‐level data to create school‐level 
measures of demographics. 

Next, we will explain the way we analyzed the data. 

ADDITIONAL NOTES 
These were students at A1 schools, which serve 99.9 percent of students. 
100 days was the threshold for inclusion in accountability measures. 
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                       First‐time grade 3 so that each student has only one observation in the data. 



       

           

                       
         

                   

                           
           
                         

                         

                       
     

                         
       

               
                             

Analysis 

• Determined relationships between student and school demographics and outcomes 
• Computed predicted outcomes for each school based on its demographic composition 
• Compared the actual outcomes to the outcomes predicted by the model 

Identified high-growth schools as those with five-year growth of 5 points or more for both 
mathematics and reading. 

REL Appalachia at SRI International 

Our predictive modeling had three steps. 

[CLICK] 
First, we looked at the relationships between math and reading outcomes and the 
demographics of schools and their students. 
For example, increases in FRPL proportion are associated with lower scores. 

[CLICK] 
Next, we used the demographics of each student and the school he or she 
attended to predict the level of outcomes. 
Continuing the example, if two schools were exactly alike other than FRPL, we 
would predict students at the school with a higher FRPL to have lower scores. 

[CLICK] 
Finally, we compared the actual outcomes observed at the schools to the 
prediction from the model. 
As we noted earlier, after some discussions of preliminary findings with KDE, we 
focused on the Growth measure. 

[CLICK] 
Specifically, we identified schools that demonstrated statistically significant 
positive growth of at least five points over five years for both subjects as high 
performing. 
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[CLICK] 
To give you an idea of how much that is, here are the score ranges for the grade 3 K‐PREP 
mathematics and reading assessments. 

[CLICK] 
For reading, the lower cutoff for Proficient is 210 and for Apprentice High is 204. 
So a five‐point gain would be enough to move a school up nearly a full category. 
Additionally, a five‐year estimate covers half of the time between now and the Department’s 
goals for 2030. 



       

                       

                         
               

                           
         

                               
   

           
                 
                 
                       

                 
                     
               

                           
             

             

Number of schools by type 

REL Appalachia at SRI International 

First, let’s look at the type of schools that are in the group. 

[CLICK] 
We identified 41 schools that met our growth threshold for both math and reading. 
Overall, this group makes up about 6 percent  of  all schools. 

As required by the Every Student Succeeds Act, KDE identified CSI and TSI schools 
beginning the in 2018/19 school year. 
CSI schools are those in the bottom 5 percent of the state, as measured by a 
combination of factors. 
For elementary schools, the indicators are: 
• Students’ performance on math and reading on end‐of‐year K‐PREP tests 
• Students’ performance on writing, social studies, and science K‐PREP tests 
• Students’ growth on the math and reading tests, as well as growth 

demonstrated on a separate exam by students still learning English 
TSI schools are those that have student subgroups performing significantly lower 
than their peers on the same set of indicators. 

Of these schools, 6 were TSI schools, which have a lower representation in the 
high‐growth group compared to other schools in Kentucky. 
And there were no CSI or magnet schools. 
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High-growth schools had a larger percentage of White students and a 
smaller percentage of other racial/ethnic group students than did other 
schools based on 2018 data. 

REL Appalachia at SRI International 

Now, we can look at how the high‐growth schools compare to other schools in 
Kentucky. 
For each of these comparisons, we are looking at the averages of schools in each 
group with complete information in 2018. 

On average, high‐growth schools served significantly higher percentages of White 
students than did other schools, offset by fewer students who were Black, 
Hispanic, or Other race. 
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High-growth schools had a larger percentage of students with 
disabilities or with economic disadvantages than did other schools 
based on 2018 data. 

REL Appalachia at SRI International 10 

However, we see that high‐growth schools also served higher percentages of 
students who were eligible for free or reduced‐price lunch or had IEPs. 
So while their students may have been less racially diverse, they were more 
frequently economically disadvantaged or students with disabilities. 



       

                           

                       

                     
           

                     
                       

                             

Compared with other Kentucky schools, a greater percentage of high-
growth schools were rural, and a lower percentage were urban based on 
2018 data. 

REL Appalachia at SRI International 11 

Next, we can look at where these schools are compared to other schools in 
Kentucky. 

[CLICK] 
First, let’s look at the type of location for both groups of schools. 

[CLICK] 
More of the high‐growth schools were in rural areas, at 56 percent, than other 
schools in the state, at 48 percent. 
This difference comes mainly from a smaller share of urban high‐growth schools. 
But generally, we see that the high‐growth schools are distributed across the 
different types of locations in a way that is not too dissimilar from all other schools. 



       

                   
         

                 
                     

                     
       

                 
                     
                           

                 
 
                         

         

                   
                     

           
                     

                 

The percentage of schools within each educational cooperative that were 
high-growth varied across regions of Kentucky based on 2018 data. 

REL Appalachia at SRI International 12 

Educational cooperatives in Kentucky provide assistance and expertise for the 
benefit of their member school districts. 
The cooperatives provide comprehensive educational services and programs that 
support the member districts and their schools in their school improvement 
efforts. 
Member districts also work through the cooperatives to maximize their purchasing 
power to improve fiscal efficiency. 

High‐growth schools were not evenly distributed across the co‐op regions. 
Schools served by KVEC had the highest percentage of high‐growth schools 
(nearly 15 percent of their schools) and more than 9 percent of the schools 
that Southeast/South Central and Northern Kentucky co‐ops serve were 
high growth. 
The remaining schools were in co‐ops where less than 7 percent of schools 
served were identified as high growth. 

The top two co‐ops, Kentucky Valley and Southeast/South Central, are 
predominantly rural, which is consistent with the previous findings of higher 
percentages of high‐growth schools in rural areas. 
Similarly, consistent with the previous findings for urban areas, Central Kentucky 
and Greater Louisville have noticeably lower percentages of high‐growth schools. 



       

                             

                           
                     

                                 
   

                         
                                 
             

                         
                               

                 

High-growth schools had lower math and reading scores in 2014 and 
higher scores in 2018 compared with all other schools. 

REL Appalachia at SRI International 13 

Finally, it is useful to look at how the schools performed academically in 2014 and 
2018. 

While we have identified a group of high‐growth schools that had growth in both 
subjects over time, we may also want to know where they started. 

First, let’s look at the average scores for both groups of schools on the two tests in 
2014 and 2018. 

[CLICK] 
In 2014, the schools we have identified as high‐growth had average scores lower 
than all other schools, by 5 points in reading and 6 ½ points in math. In other 
words, they had more room to grow. 

[CLICK] 
By 2018, these schools had scores that were significantly higher than all other 
schools, by about 5 points in reading and 6 points in math. This suggests that room 
exists for other schools to grow, on average, as well. 



       

                   

                             
             

                             
                         
                     

                                 
             

                           
                               

                       

                             
                             
             

                 

Half of high-growth schools were in the bottom quartile for math and 
reading in 2014. 
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REL Appalachia at SRI International 14 

Within the group of high‐growth schools, achievement in 2014 varied. 

That is, while we just saw that these schools had lower than average math and 
reading scores in 2014, variation existed across schools. 

This figure plots schools by their math and reading test scores in 2014, and the 
colors of the schools represent their percentiles on the distributions of all Kentucky 
schools with respect to math and reading test scores in 2014. 

The green dots in the lower left are the five schools that were in the lowest 10 
percent for both math and reading in 2014. 

The pink dots represent 13 more schools that did not fall below the 10th percentile 
in both subjects but did score in the lowest quartile for both math and reading in 
2014. Combined, those two groups make up almost half of the high‐growth 
schools. 

At the other end of the distribution, we see gray dots representing the 10 schools 
that scored above the 50th percentile for at least one subject in 2014. This group 
makes up 25 percent of the high‐growth group. 

High‐growth schools spanned a wide distribution of academic starting points. 



       

 

 

                       

   

                     

                   

                       

                   

                     

                         

                       

                       

                   

                   

Limitations of the study 

• Predictive analyses are not causal. 
– Identified schools that had larger school-level gains than statistically predicted, but no explanation for 

why it happened. 
– Attributing solely to school effectiveness would be inaccurate. 
– Factors omitted from the models or outside the school’s control could affect estimates. 

• The availability of baseline academic measures is limited. 
– Cannot account for student cohort effects. 
– Incorporating demographic variables associated with outcomes of interest helps but does not resolve. 

• Results are not necessarily generalizable to years beyond those included in the analysis. 

REL Appalachia at SRI International 15 

The primary limitation of the analyses is inherent to these types of 

predictive analyses. 

The analyses identified schools that were performing better or worse than 

statistically predicted or showing larger or smaller school‐level gains than 

statistically predicted, but they did not, in and of themselves, explain why 

schools were doing so. Attributing school performance and changes in 

school performance solely to the effectiveness of the schools themselves or 

to changes in the effectiveness of schools would be inaccurate. In fact, any 

factors omitted from the initial models could be driving the school effects 

we estimated from these analyses, even factors outside the realm of a 

school’s direct influence, such as student cognitive abilities. To successfully 

investigate the effect of malleable school‐related factors on the results 



                   

                 

                         
               

                     
                         

               
                           

                             
                     

requires additional research ‐ the results of the present analyses should be 

considered the launching point for a more thorough investigation. 

A related limitation, unique to the present investigation, is the lack of baseline 
measures clearly aligned to the outcomes of interest. 
The absence of student mathematics and reading achievement measures prior to 
grade 3 may increase the likelihood that student cohort effects, and not school 
performance, are driving results. Incorporating demographic variables associated 
with the outcomes of interest helps mitigate this problem but does not eliminate it. 

Finally, the results of the status models focused on the two most recent cohorts of 
student data are not necessarily generalizable to prior (or future) cohorts. 



       

 

 
 

 

                 

                     
                         

                         
                           
                       

                 
                         

                   
             

                         
 

                       
           

Summary and next steps 

• The study identified 41 schools with statistically significant five-year growth of at least 5 points 
for both math and reading. 

• On average, high-growth schools had math and reading scale scores that were 5–6 points below 
all other schools in 2014 and 5–6 points above all other schools in 2018. 

• On average, high-growth schools had higher percentages of economically disadvantaged 
students, students with disabilities, and White students. More of the high-growth schools were in 
rural communities than all other schools. 

• Next, KDE can investigate whether high-growth schools have adopted different practices or 
policies from other schools in recent years that could help generate and test hypotheses about 
possible reasons for their gains. 

• If appropriate, this information could eventually help leaders and educators in other Kentucky 
schools adopt practices and policies to improve student outcomes. 

REL Appalachia at SRI International 16 

Let’s summarize some of the key takeaways from this analysis. 

[CLICK] 
We used predictive modeling to identify 41 schools with statistically significant 
five‐year growth in K‐PREP math and reading test scores of at least 5 points. 

CLICK] 
High‐growth schools had lower average math and reading test scores in 2014, but 
they were spread across the distributions of scores, with five schools scoring in the 
lowest 10 percent on both and 10 schools scoring above average on both. 

[CLICK] 
These schools served more economically disadvantaged students, white students, 
and students with disabilities. And while spread across the state, there were more 
high‐growth schools in rural areas and educational cooperatives and fewer high‐
growth schools in urban areas and educational cooperatives. 

[CLICK] 
What is driving these 41 schools to show substantial gains in mathematics and 
reading? 

With some additional investigations, we can find out. We can identify what 
changes—around instruction, curriculum, professional development, leadership, 



                       
                         
             

                         
                     

student supports, or otherwise—were associated with gains for various schools. Some of 
these changes may have involved the adoption of evidence‐based practices, and others may 
have been innovative approaches that deserve further study. 

As appropriate, KDE can then seek to apply that knowledge to foster additional 
improvements in early mathematics and reading in similarly situated schools across 
Kentucky. 
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Identifying high-growth schools is not simple. 

• Many metrics are available to measure school performance, including quality of teaching; breadth, depth, or rigor of 
curricula; or level of student engagement (Trujillo, 2013). Most school effectiveness studies have focused on a 
narrow definition: student assessment performance in one or two core subjects (Bowers, 2010). 

• School performance depends on a complex set of factors related to leadership, collaboration and professional 
learning, instructional quality, and family and community engagement, among a host of others (Beesley & Barley, 
2005; Barr & Parrett, 2007; McREL, 2005). 

• When focusing solely on students, research has shown a link between certain student characteristics and school 
performance (García & Weiss, 2017; Reardon, Weathers, Fahle, Jang, & Kalogrides, 2019). 

• For example, research has shown connections between socioeconomic status and other demographic characteristics 
and academic achievement (American Psychological Association, n.d.; Duncan & Murnane, 2011). 

• Some schools can demonstrate high performance when serving high concentrations of high-needs populations 
(Partridge, Rudo, & Herrera, 2017; Trujillo, 2013). 

• Schools that have strong performance with different populations can inform strategies to maximize all students’ 
learning and potential (Chenoweth, 2017). 

REL Appalachia at SRI International 19 

• The present analyses draw on a relatively narrow definition of performance, 
examining student performance on state assessments in mathematics and 
reading in grade 3. 

• Research has identified relationships between many student characteristics 
and achievement. 

• However, schools that perform well typically enroll students with higher 
incomes and fewer special needs. 

• Understanding more about schools that have strong performance under 
different circumstances, such as having a large percentage of students with 
risk factors beyond the schools' control (e.g., poverty), is helpful for learning 
how to maximize all students' learning and potential. 



       

                         
                       

 
                           
                 

                           
   

                                   
                         
                         
     

                               
 

                               
     

                         
                   

                         
                         

                       

School performance is strongly linked to the percentage of economically 
disadvantaged students in Kentucky schools in 2018. 
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To illustrate this point, we can plot all Kentucky elementary schools by their 
reading score and the percentage of students eligible for free or reduced‐price 
lunch. 
There’s a lot of variation, but it’s clear that schools with lower percentages of 
students eligible for free‐ or reduced‐price lunch tend to do better. 

Now let’s consider two schools, both of which had an average reading score of 
about 215. 
• School A is on the right side of the figure, with a FRPL rate of 97 percent, and 

School B is on the left side, with a FRPL rate of 10 percent. 
• Looking above and below these schools, we can see how other schools with 

similar FRPL rates performed. 
• We see that School A has a score that is above many other schools with high 

FRPL levels. 
On the other hand, School B has a score lower than nearly all schools with similarly 
low FRPL levels. 
School A and School B have the same reading score, despite having significant 
differences in the number of students who qualify for FRPL. 

One way to consider school performance is to compare a school’s average student 
achievement to what might be predicted from an average school with a similar 
population. 
• Looking at the data, we could estimate the relationship between reading score 



       
                                 
   
                           

                                 
                   
     

and FRPL with this line. 
• We see that School A is well above the line, so it is performing better than predicted 

given its population. 
• School B, however, is performing lower than we would predict given the population it 

serves. 
• This is similar to the approach we used to classify schools in the present study, in which 

we used several student‐level and school‐level demographic measures to generate 
more accurate statistical predictions. 
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Two-year status model 

• Level 1 
Yijk = β0j + β1jAGEij + β2jELLij + β3jFRPLij + β4jIEPij + β5jMALEij + β6jBLACKij + β7jHISPij + 

β8jOTHRACEij + β9j𝐴𝐺𝐸jt + β10j𝐸𝐿𝐿jt + β11j𝐹𝑅𝑃𝐿jt + β12j𝐼𝐸𝑃jt + β13j𝑀𝐴𝐿𝐸jt + 
β14j𝐵𝐿𝐴𝐶𝐾jt + β15j𝐻𝐼𝑆𝑃jt + β16j𝑂𝑇𝐻𝑅𝐴𝐶𝐸jt + β17jY2018t + rijt (1) 

• Level 2 
β0j = γ00 + u0j (2) 
β1j = γ10 (3) 
⁝ 
β17j = γ17,0 (4) 
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The status research question investigates schools’ grade 3 mathematics and 
reading performance in the most recent two school years after accounting 
for student and school demographic characteristics. 
It focuses on identifying high‐performing schools. 
Some of these schools may not have shown substantial school‐level gains in 
recent years, but they may have been consistently high‐performing, with 
long‐standing, well‐developed strategies for supporting students’ 
performance in early‐grade mathematics and reading. 

For the status models, each outcome of interest k for individual i in school j is a 
function of student demographic characteristics and school‐level averages of the 
same demographic characteristics at time t, along with an indicator variable for the 
2017/18 school year. 
Student‐level demographic variables include age in years and indicator variables for 
whether the student was an English learner, eligible for free or reduced‐price 
lunch, had an IEP, male, Black, Hispanic, or another race. 

School‐level means of these student demographic characteristics are represented 
by variable names with bars over them and are subscripted with j and t as the 
variables vary across schools and time. 
For example, the school mean age of first‐time third graders in school j at 
time t is represented by 𝐴𝐺𝐸jt. 



                           
 
                               
                           
                             
   

                       
           

                   
   

                               
                         

   

All school‐level means of dummy variables are proportions that can range from 0 to 
1. 
For example, if no students in a school in a year were eligible for free or reduced‐
price lunch, the variable 𝐹𝑅𝑃𝐿jt would be 0; if 100 percent were eligible, the variable 
would be 1; and if 50 percent of students were eligible, 𝐹𝑅𝑃𝐿jt would take on the 
value 0.5. 
School‐level means of demographic characteristics are included at level 1 of the 
model because they vary over time. 

Variable coefficients are represented by the vector β’, with β0j representing the 
model intercept. 
For the status model, all coefficients are held fixed at level 2 (the school level), except 
for the level‐1 intercept, which we allow to vary randomly around a cross‐school 
mean (γ00). 



       

                         
                       
     

                     
                       
                       

                   
                     

 
                       

                           
                         
                         

   
                     

                   
                   

                 
 

                       
                     

Two-year status model 
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We assume that the level‐1 error term (rijt) and the error term associated 
with the random intercept at level 2 (u0j) are normally distributed with 
means of zero. 
The level‐2 error term associated with the random intercept (u0j) represents 
the deviation of school j from the cross‐school mean (γ00) (see equation 2). 
As such, it represents the extent to which a school is over‐ or 
underperforming predictions with respect to the outcome of interest after 
accounting for student and school demographic factors and a year fixed 
effect. 
Some of this deviation from predicted performance may be due to chance 
and some may be due to systemic factors not accounted for in the model. 
Some of these systemic factors may be school‐caused and others may be the 
result of non‐school factors for which there are insufficient data to include in 
the model. 
To the extent that these systemic factors represent factors within the 
purview of the school (for example, school policies, practices, procedures, 
climate, curricula, instruction, staffing, and decisions and efforts of teachers 
and leaders), they jointly represent school influences on student 
performance. 
For each school, we reported the level‐2 error term associated with the 
random intercept (u0j) and tested whether the empirical Bayes residual was 



                     

         
                 

                   
 

                 
             

                   
                   

   

                       
                         

                   

statistically significantly different from zero (p < .05) using a two‐tailed t‐test. 

We then categorized each school as: 
• Overperforming relative to predictions based on its students’ demographic 

characteristics (those schools with u0j‘s that are positive and statistically 
significant) 

• Underperforming relative to predictions based on its students’ demographic 
characteristics (u0j‘s that are negative and statistically significant) 

• Performing in accordance with predictions based on its students’ demographic 
characteristics (schools with u0j‘s that are not statistically significantly different 
from zero). 

To facilitate interpretation, we presented the status school effects both on the 
assessment scale and a standard deviation scale (based on the standard deviation of 
the relevant assessment among the two‐year status model analytic sample). 



       

                 
                     

                 
                   

                     
   

                     
                     
             

                             
                   

         

                     
                           
                       
                       

                         
               

                       
                     

Five-year growth model 

• Level 1 
Yijk = β0j + β1jAGEij + β2jELLij + β3jFRPLij + β4jIEPij + β5jMALEij + β6jBLACKij + β7jHISPij + 

β8jOTHRACEij + β9j𝐴𝐺𝐸jt + β10j𝐸𝐿𝐿jt + β11j𝐹𝑅𝑃𝐿jt + β12j𝐼𝐸𝑃jt + β13j𝑀𝐴𝐿𝐸jt + 
β14j𝐵𝐿𝐴𝐶𝐾jt + β15j𝐻𝐼𝑆𝑃jt + β16j𝑂𝑇𝐻𝑅𝐴𝐶𝐸jt + β17jYEARt + rijt (1) 

• Level 2 
β0j = γ00 + u0j (2) 
β1j = γ10 (3) 
⁝ 
β17j = γ17,0 + u17j (4) 
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The growth research question examines schools’ adjusted school‐level gains 
in grade 3 mathematics and reading performance over five school years 
regardless of their starting point with respect to student performance. 
It involves the identification of high‐growth schools, which may have 
adopted new interventions, policies, or practices in recent years to boost 
student performance. 
Staff at low‐performing schools may be more amenable to drawing lessons 
from high‐growth schools that were similarly situated just five years ago 
than they would be from persistently high‐performing schools. 

As with the status models, each outcome of interest k for individual i in school j is a 
function of student demographic characteristics and school‐level averages of the 
same demographic characteristics at time t. 
The only difference between the specification of the status and growth 
models is that time is no longer accounted for with a single year dummy. 
Rather, because the growth models are drawing on data from five years 
(2013/14 through 2017/18), we have replaced the year dummy with a year 
count variable (YEARt), centered at the 2013/14 school year so that it ranges 
from 0 in 2013/14 to 4 in 2017/18. 
By including this year count variable, we have specified a linear growth 
model where the coefficient on year (β17j) represents the average annual 



                           
                 

                         
                   

                             
                         
                       

                         
     

                       
                             

                   
               

                       
                         

                       
                         
                   

change in our outcomes of interest from 2013/14 to 2017/18, and the intercept (β0j) 
represents the initial status of those outcomes in 2013/14. 

Furthermore, we have allowed the coefficient, or slope parameter, on the year count 
variable to vary randomly at the school level (equation 4). 
The error term for this slope parameter (u17j), which we assume to have a normal 
distribution and mean of zero, represents the deviation of each school j from the 
cross‐school average annual change in the outcome of interest over time (γ17,0). 
For each school, we tested whether the error term (u17j) was statistically significantly 
different from zero. 
We reported the magnitude of the empirical Bayes residuals for each school. 
Schools with residuals that are positive and statistically significant at the p < .05 level 
were classified as overperforming statistical predictions based on their students’ 
demographic characteristics with respect to change over time. 
We categorized those schools with u17j‘s that are negative and statistically significant 
as underperforming with respect to change over time in the outcome of interest. 
Finally, we categorized those schools with u17j‘s that are not statistically significantly 
different from zero as performing roughly as statistically predicted with respect to the 
average annual change in the outcome of interest over time. 



       

                       
                           

   
                       

                     
           

             

                   
                   

                       
                 

                     
                     
                           

                 
   

                 
                   
                       

   

Two-year status model including school readiness 

• Level 1 
Yijk = β0j + β1jAGEij + β2jELLij + β3jFRPLij + β4jIEPij + β5jMALEij + β6jBLACKij + β7jHISPij + 

β8jOTHRACEij + β9jKREADYij + β10jKREADYEij + β11j𝐴𝐺𝐸jt + β12j𝐸𝐿𝐿jt + β13j𝐹𝑅𝑃𝐿jt + 
β14j𝐼𝐸𝑃jt + β15j𝑀𝐴𝐿𝐸jt + β16j𝐵𝐿𝐴𝐶𝐾jt + β17j𝐻𝐼𝑆𝑃jt + β18j𝑂𝑇𝐻𝑅𝐴𝐶𝐸jt + β19j𝐾𝑅𝐸𝐴𝐷𝑌jt + 
β20j𝐾𝑅𝐸𝐴𝐷𝑌𝐸jt + β21jY2018t + rijt (1) 

• Level 2 
β0j = γ00 + u0j (2) 
β1j = γ10 (3) 
⁝ 
β21j = γ21,0 (4) 
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When designing a school effects study, there are often different choices to 
be made, and a priori, it is not always clear how these choices might 
influence results. 
We ran a series of supplemental models to investigate some of these 
alternatives, such as including a measure of school readiness and extending 
the status model to five years. 
Ultimately, the results were quite similar across models. 

Quantitative analyses aimed at understanding whether schools are performing in 
ways that differ from statistical predictions often include students’ prior 
achievement in their models to identify schools that are doing better than 
predicted in improving student performance, given baseline student performance. 
That is, to measure school performance more accurately, these analyses often 
model school effects on growth in individual student achievement over time. 
Because grade 3 is the first year in which students participate in mandatory state 
assessments, comparable baseline student performance data were not readily 
available statewide. 

Kentucky collects school‐readiness data on students from teacher observations 
during kindergarten using the BRIGANCE Early Childhood Kindergarten Screen III. 
These screener data, however, are not directly comparable to grade 3 state 
assessment data. 



                       
                       

             
                       

                     
                     

                 
                           
                       
                     

     

                           
                           
                         

                       
                         

     
                           

                         
       

                               
                         

                     
         

Unlike the summative grade 3 state assessment data, kindergarten screener data are 
designed to help teachers identify students with potential delays, support referrals for 
special education services, and inform personalized instruction. 
Furthermore, comparable and appropriately lagged data on school readiness are available in 
Kentucky only for 2016/17 and 2017/18 third‐graders (who received the kindergarten 
screener in 2013/14 and 2014/15, respectively), meaning that school‐readiness data could 
not be used for the five‐year school growth analyses. 
Finally, in any potential cases where large numbers of students transferred into a school 
district after kindergarten, any analyses based on complete cases including measures of 
school readiness could substantially reduce the analytic sample size, potentially undermining 
generalizability of results. 

To investigate how the inclusion of school‐readiness data in the status analyses might affect 
results, we investigated which schools were performing better, worse, or about the same as 
predicted on grade 3 students’ mathematics and reading performance in 2017 and 2018 
given student and school demographic characteristics and school readiness as measured in 
kindergarten for the subsample of students who had kindergarten screening data and grade 
3 test scores. 
For the same subsample, we also ran our original status models without information on 
student school readiness as measured in kindergarten, as described in equations 1–4, and 
compared the school categorizations. 
By comparing the results from our original status models run on the overall sample to the 
subsample and finding similar results, we were able to determine that estimating school 
effects based on the subsample (limited to students with kindergarten readiness 
information) was a reasonable approach. 



       

                         
                     

       
                           

                           
                     
                     
     

Five-year status model 

• Level 1 
Yijk = β0j + β1jAGEij + β2jELLij + β3jFRPLij + β4jIEPij + β5jMALEij + β6jBLACKij + β7jHISPij + 

β8jOTHRACEij + β9j𝐴𝐺𝐸jt + β10j𝐸𝐿𝐿jt + β11j𝐹𝑅𝑃𝐿jt + β12j𝐼𝐸𝑃jt + β13j𝑀𝐴𝐿𝐸jt + 
β14j𝐵𝐿𝐴𝐶𝐾jt + β15j𝐻𝐼𝑆𝑃jt + β16j𝑂𝑇𝐻𝑅𝐴𝐶𝐸jt + β17jY2015t + β18jY2016t + β19jY2017t + 
β20jY2018t + rijt (1) 

• Level 2 
β0j = γ00 + u0j (2) 
β1j = γ10 (3) 
⁝ 
β20j = γ17,0 (4) 
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To investigate the stability of status estimates for schools over time, we ran the 
status models on five years of data rather than just two. 
We used two approaches. 
The first generated status estimates by incorporating all five years of data in a 
modified version of the model that included dummy variables for four of the years 
in level 1, holding the year effects fixed at level 2. 
We then compared each school’s estimated performance from the two‐year and 
the five‐year models. 



       

                         
                 

                       
                   
   

                     
             

                   
                 
             

                     
                               

                   
   

                         
       

Five-year growth model: Supplemental status estimates 

• Level 1 
Yijk = β0j + β1jAGEij + β2jELLij + β3jFRPLij + β4jIEPij + β5jMALEij + β6jBLACKij + β7jHISPij + 

β8jOTHRACEij + β9j𝐴𝐺𝐸jt + β10j𝐸𝐿𝐿jt + β11j𝐹𝑅𝑃𝐿jt + β12j𝐼𝐸𝑃jt + β13j𝑀𝐴𝐿𝐸jt + 
β14j𝐵𝐿𝐴𝐶𝐾jt + β15j𝐻𝐼𝑆𝑃jt + β16j𝑂𝑇𝐻𝑅𝐴𝐶𝐸jt + β17jYEARt + rijt (1) 

• Level 2 
β0j = γ00 + u0j 

β1j = γ10 

⁝ 
β17j = γ17,0 + u17j 

(2) 
(3) 

(4) 
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The second approach was used to see if we could be more parsimonious, 
using the same model to estimate both status and growth. 
In this model, we measured status using the level‐2 empirical Bayes residuals 
associated with the randomly varying intercept of the growth model 
(centered at 2013/14). 
This approach provided alternate status estimates of the extent to which 
schools were over‐ or underperforming predictions in 2013/14. 
We compared these estimates with our previously described status model 
estimates to determine whether the growth models provided status 
estimates consistent with our preferred status models. 
Though the two‐ and five‐year status models produced results that were highly 
correlated, we found that the status for a school did vary based on the amount of 
historical data used to estimate it (see accompanying methodological summary 
and slide 31). 
Ultimately, KDE determined that for the status analyses, they wanted to focus on 
the most recent years only. 
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Pearson correlation coefficients among model estimates 

School performance status model 
estimates, reading / math Two-year Five-year 

Two-year 
restricted, 

no readiness 

Two-year 
restricted, 
readiness 

Five-year 
growth 

intercept 

Two-year 1.00 / 1.00 

Five-year 0.86 / 0.86 1.00 / 1.00 

Two-year restricted, no readiness 0.99 / 0.99 0.84 / 0.85 1.00 / 1.00 

Two-year restricted, readiness 0.97 / 0.97 0.82 / 0.82 0.98 / 0.98 1.00 / 1.00 

Five-year growth intercept 0.97 / 0.97 0.90 / 0.86 0.95 / 0.96 0.93 / 0.94 1.00 / 1.00 

A correlation coefficient ranges from -1 to +1, with +1 representing a perfectly linear, positive relationship. 
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This table presents Pearson correlation coefficients among school performance 
status model estimates for math and reading for the two‐year status model, the 
supplemental five‐year status model, the supplemental two‐year status model 
based on the restricted‐use sample, the supplemental two‐year status model 
based on the restricted‐use sample and including school readiness predictor 
variables, and the supplemental status estimate based on the intercept of the five‐
year growth model. 

The two‐year status model estimates were very highly positively correlated (0.97 
or above) with all supplemental model estimates aside from those associated with 
the five‐year status model, with which they had a correlation of 0.86 for both math 
and reading. 

A correlation coefficient ranges from ‐1 to +1, with +1 representing a perfectly 
linear, positive relationship. 

In this context, a high correlation means that the results remained relatively 
consistent across the different sensitivity analyses and model specifications. 



       

Student-level Status Growth 

Intercept 
*** 

218.98 
*** 

219.25 

 Age of grade 3 students 0.01 0.10 

Male 
*** 

-1.95 
*** 

-1.90 

Black 
*** 

-6.80 
*** 

-7.14 

Hispanic 0.13 -0.27 

Other race 
*** 

1.10 
*** 

0.90 

English learner 
*** 

-9.16 
*** 

-10.47 

Free or reduced-price lunch (FRPL) 
*** 

-7.07 
*** 

-7.90 

 Individualized education program (IEP) 
*** 

-7.24 
*** 

-7.88 

                       
       
                         

         
                             

                           
                 

                     
           

                         
                   
                     

                       
           

                             
                       
     

                       
       

                       

Model estimates for reading assessment 

School-level Status Growth 

Year 
*** 

-0.74 -0.07 

Mean age of grade 3 students 
*** 

3.88 
* 

1.30 

Proportion Male 
*** 

-3.93 
*** 

-3.05 

Proportion Black 
*** 

-6.41 
*** 

-6.35 

Proportion Hispanic -3.02 -2.49 

Proportion Other race 
*** 

12.62 
* 

4.24 

Proportion English learner -0.00 2.94 

Proportion FRPL 
*** 

-3.74 
* 

-1.33 

Proportion IEP 
*** 

5.03 
** 

2.56 

* p < 0.05; ** p < 0.01; *** p < 0.001. 
Status model explains 54 percent of between-school and 10 percent of within-school variance. Intraclass correlation = 0.118. 
Growth model explains 38 percent of between-school and 12 percent of within-school variance. Intraclass correlation = 0.100. 
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At the student level, the coefficient estimates and significance were very close for 
the status and growth models. 
Both models found that boys and Black students scored lower, while students in 
the Other race category scored higher. 
In the schools included in the analysis, 46 percent of students in the “other race” 
category identified as Asian, 46 percent identified as two or more races, and about 
3 percent each of American Indian, Hawaiian, and unknown. 

Additionally, scores were lower for English learners, free and reduced‐price lunch 
eligible students, and students with an IEP. 

At the school level, there were some differences between the models, and with 
one exception, the coefficient estimates were smaller in the growth model. 
Like the student‐level findings, both analyses found that schools with higher 
proportions of boys and Black students scored lower, while schools with higher 
proportions of Other race students scored higher. 
Both found that schools with older students in grade 3 or a higher proportion of 
Other race students had higher scores, and schools with a higher proportion of 
FRPL students had lower scores. 

However, the estimates for English learners and students with IEPs are quite 
different for the school level. 
At the student level, English learners had significantly lower reading scores, the 



                         
                       
                             

           
 

                 
                           

                         
                       

largest of the estimated coefficients. At the school level, however, the proportion of English 
learners in a school was unrelated to the school’s score. As the proportion of English 
learners in a school increase, schools may be able to adapt their interventions (e.g., hire 
more ESL teachers, establish bilingual classes). 

Even more striking is the finding for students with IEPs. 
At the student level, having an IEP was associated with a significantly lower reading score. 
However, at the school level, scores increased significantly with the proportion of students 
with IEPs, perhaps due to the availability of additional or specialized resources. 



       

Student-level Status Growth 

Intercept 
*** 

217.75 
*** 

218.38 

 Age of grade 3 students -0.14 
*** 

-0.33 

Male 
*** 

1.59 
*** 

1.31 

Black 
*** 

-6.82 
*** 

-6.83 

Hispanic 0.20 0.01 

Other race 
*** 

4.02 
*** 

4.12 

English learner 
*** 

-8.41 
*** 

-9.64 

Free or reduced-price lunch (FRPL) 
*** 

-8.51 
*** 

-9.07 

 Individualized education program (IEP) 
*** 

-9.64 
*** 

-10.22 

                         

                     
       
                             
                               

             

Model estimates for mathematics assessment 

School-level Status Growth 

Year 
*** 

-0.50 
*** 

0.34 

Mean age of grade 3 students 2.35 0.99 

Proportion Male -1.07 
*** 

-4.26 

Proportion Black 
*** 

-5.72 
*** 

-3.72 

Proportion Hispanic -0.54 -2.40 

Proportion Other race 
*** 

18.07 
*** 

6.57 

Proportion English learner -2.45 0.01 

Proportion FRPL 
*** 

-2.87 -0.82 

Proportion IEP 
*** 

4.97 
*** 

4.37 

* p < 0.05; ** p < 0.01; *** p < 0.001. 
Status model explains 40 percent of between-school and 11 percent of within-school variance. Intraclass correlation = 0.131. 
Growth model explains 13 percent of between-school and 12 percent of within-school variance. Intraclass correlation = 0.106. 
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For math, the findings were generally similar in terms of direction, magnitude, and 
significance. 
The only noticeable difference between the coefficients for math and reading were 
on the Other race indicator. 
At the student level, the estimate was 1 point for reading and 4 points for math. 
At the school level, the already large findings of 12 and 4 points for proportion of 
Other race students are about 50 percent larger here. 
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One in four schools outperformed predictions in the status model. 

• Difference of 10 points or above 
– About ½ standard deviation 
– Example: 205 to 215 is a move from lower 

end of Apprentice High to Proficient for 
reading 

• Difference of 5 to 10 points 
– About ¼ standard deviation 

• Difference of less than 5 points 
– Less than ¼ standard deviation 
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This figure shows the distribution of schools for the status analyses of math and 
reading scores. 
For both, there are 7 categories: 

3 for positive differences, where the actual was higher than predicted and 
statistically significant 
3 for negative differences, where the actual was lower than predicted and 
statistically significant 
and 1 for schools for which the actual and predicted were not significantly 
different. 

Working from right to left, the group furthest to the right reflects an actual score 
that is 10 points, or about one‐half of a standard deviation, above what was 
predicted and statistically significant. 
The next group difference is between 5 and 10 points and statistically significant. 
And the difference in the third group is one that is fewer than 5 points, and 
statistically significant. 

To give you an idea of the size of the difference, let’s go back to our earlier 
example. 
School A was predicted to have a reading score of 205, which is near the bottom of 
Apprentice High, but had an actual reading score of 215, which is well into 
Proficient. 



                                 
     

That difference is 10 points, enough to move the school up at least one K‐PREP category for 
both math and reading. 



       

                     
 
                           

 
                         

                               

                         
       

                               
                           

                                   
   

                                 

                         
                             
 
                           

                   

One in eight schools outperformed predictions in the growth model. 

• Change categories over five years on 
same scale as status 

– Difference of 10 points or above 
– Difference of 5 to 10 points 
– Difference of less than 5 points, but 

significant 
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Here we examine our second research question, regarding how schools changed 
over time. 
This figure shows the distribution of schools for the growth analyses of math and 
reading scores. 
Because yearly changes for a school tend to be small, we estimated the change 
over five years, which is half the period between now and 2030, which is KDE’s goal 
point. 

Positive change over time indicates that the actual outcome is rising over time 
relative to the predicted outcome. 
Back to our earlier example, School A was predicted to have a reading score of 205 
but had an actual reading score of 215, which was a difference of 10 points. 
If the actual score grew at 2 points per year, it would be 10 points higher after five 
years, or 225. 
In our analysis, we would say that School A had a change over five years of 10 
points. 

The seven categories are defined the same way in terms of size and significance. 
In this case, the rightmost category reflects a change over five years of more than 
10 points. 
So again, for both math and reading, this would be enough to move a school’s 
average student up at least one K‐PREP category over five years. 



                           
     

                       
                                 
 

There is again a distribution of schools across the categories, but fewer were statistically 
significant than in the other analysis. 
The result is almost no schools in the ranges with the smallest values. 
However, the number of schools in the top two categories is nearly identical to those in the 
previous analysis. 



       

           

                           
 
                     

           
                       
             

                       
             

                     
                 

Combinations of status and growth are widely distributed. 
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Now we can put the findings together. 

These figures show the distribution of schools by status and growth for both math 
and reading. 
For both subjects, there is a positive correlation between status and growth. 
However, there are a variety of combinations. 
Some schools have positive status and negative growth, which suggests they are 
moving down over time to their predicted levels. 
Some schools have negative status and positive growth, which suggests they are 
rising over time to their predicted levels. 
Additionally, schools that have positive measures of performance and change over 
time for reading also often have positive measures for math. 



       

 

           
                         

                             
                 

Schools perform similarly relative to predictions from the 
mathematics and reading status models. 

Math Status (M) 

M ≤ -10 -10 < M < -5 -5 < M ≤ 0 No diff. 0 < M < 5 5 ≤ M < 10 10 ≤ M 

R
ea

d
in

g 
S

ta
tu

s 
(R

) 

10 ≤ R 1 8 

5 ≤ R < 10 1 10 5 28 12 

0 < R < 5 34 25 34 4 

No diff. 2 26 37 226 49 26 2 

-5 < R ≤ 0 2  39  27  41  1  

-10 < R < -5 15 30 6 8 

R ≤ -10 1 0 0 
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Now we can put the findings together. 
This table shows the distribution of schools across the categories for math and 
reading. 
There is a strong correlation between the two, as schools tend to either exceed the 
predictions for both or fall below the predictions for both. 
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