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This paper describes the reports resulting from an application of the “student growth percentile” approach (Betebenner, 2009) to Missouri Assessment Program (MAP) Mathematics and Communication Arts data.  The Office of Social and Economic Data Analysis (OSEDA) at the University of Missouri generated these reports for the Missouri Department of Elementary and Secondary, within the context of the Student Growth Pilot Project.  

The Fall 2011 student growth percentile reports present data for individuals, buildings, and districts.  All reports are posted in a secured area of the Department’s website and are accessed through the Missouri Comprehensive Data System Portal.  

This application of Dr. Betebenner’s model utilized the SGP open-source software package (Betebenner & Iwaarden, 2011).  Dr. Betebenner collaborated with OSEDA staff in the production of the student growth percentile reports. 

Dr. Betebenner emphasizes that student growth percentiles have “the ability to inform discussions about assessment outcomes and their relation to education quality” (Betebenner, 2009, p. 43).  It is important, however, to keep in mind that the Fall 2011 student growth percentile reports are part of a pilot designed to investigate the characteristics of MAP growth data.  

Fall 2011 Pilot Project MAP Student Growth Percentile Reports 
Building-Level Charts (Arrayed by District) 
· Pilot Project participants will receive four charts per content area (Mathematics and Communication Arts), which provide information about growth and achievement on the MAP for each building within a district.  

· The horizontal axis of the chart represents the 2011 median student growth percentile, while the vertical axis represents the 2011 percentage of students scoring proficient and advanced.  The chart is divided into four quadrants:  higher growth and higher achievement; higher growth and lower achievement; lower growth and higher achievement; and lower growth and lower achievement.  

· On each chart, we use a “bubble” to represent a building.  The position of each “bubble” is a function of the building’s 2011 median student growth percentile and the building’s 2011 percentage of proficient and advanced students.  The “bubbles” representing the buildings within the district are highlighted and are juxtaposed against all other buildings in the state.   

· If you hover over a building “bubble,” you will see building-level data (e.g., five-year Mathematics median student growth percentile; count used to calculate the five-year median). 

· All four charts for a content area show the same growth and achievement information for each building.  In other words, the position of the “bubble” representing a particular building does not change across the four charts.  And, all four charts represent the size of the building (as per 2010-11 Core Data enrollment files) by the size of the “bubble,” so the size of the bubble does not change across the reports, either.  Rather, the variation in the reports reflects the building’s demographic characteristics and is depicted using “bubbles” of different colors.  

· The first chart for the content area shows growth and achievement data within the context of school size.   As noted, building enrollment is represented by the size of the “bubble.”  All “bubbles” on this chart are the same color. 

· The second, third, and fourth charts for the content area show building-level data for the following three variables.  (As noted, the colors of the “bubbles” indicate the building’s characteristics.)  

· 2011 percent of students eligible for free/reduced-price lunch (as per Core Data files) 
· 2011 percent of historically low-achieving minority students (African-American, American Indian, Hispanic; as per Core Data files)
· 2011 percent of students enrolled in the building for a full academic year (as per MAP files)

An example of a growth and achievement chart is shown below.  
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Student-Level Charts (Grouped by Building)

Pilot Project schools will also receive student-level graphic representations of growth and achievement on the MAP. These student growth percentile “trajectory” charts paint a picture of a student’s progress over time.  

For each student, there is a trajectory chart for Mathematics and a trajectory chart for Communication Arts (presented together on a single page).  Each trajectory chart shows a student’s grade-level scale score (represented by a circle) for a given year in relation to the grade-level achievement levels (Below Basic, Basic, Proficient, and Advanced).  Each chart also shows a student’s annual growth percentile and the corresponding level of growth.  (A red arrow indicates low growth, a white arrow indicates typical growth, and a green arrow indicates high growth.)  Actual values are presented in a table below the graphic.  

An example is shown below.  
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Fall 2011 Student Growth Percentile Tables
Pilot Project participants will also receive three complementary data tables, which present the same data shown on the charts and which are formatted as CSV files that can be imported into EXCEL.  These files are arrayed by district, by building within district, and by student within building and district.  Data are shown for all applicable grades.  

District Table
		Columns A and B:	District ID Number and Name
		Columns C and D:	Year and Subject (Content Area)
Columns E and F: 	Median Student Growth Percentile and N
Columns G and H:  	Percent of Students Scoring at or above Proficient and N
Columns I and J:  	Lower and Upper Bounds of Median Student Growth Percentile Confidence Interval (95% Level of Confidence)
Column K: 		Enrollment (as per Core Data files)
Column L: 	Percent of Students Eligible for Free/Reduced Price Lunch (as per Core Data files)

Note:  5555 in Column C (Year Column) denotes five-year data. Disregard the value in the 5555 cell corresponding to F/RL. 

Building (within District) Table
		Columns A and B:	Building ID Number and Name 
		Columns C and D:	District ID Number and Name
Columns E and F: 	Year and Subject (Content Area)
Columns G and H: 	Median Student Growth Percentile and N
Columns I and J:  	Percent of Students Scoring at or above Proficient and N
Columns K and L:  	Lower and Upper Bounds of Median Student Growth Percentile Confidence Interval (95% Level of Confidence)
Column M: 		Enrollment (as per Core Data files)
Column N: 	Percent of Students Eligible for Free/Reduced Price Lunch (as per Core Data files)

Note:  5555 in Column E (Year Column) denotes five-year data. Disregard the value in the 5555 cell corresponding to F/RL. 

Student (within Building within District) Table
Columns A, B, and C:	MOSIS ID, Last Name, and First Name
Columns D and E:	Year and Subject (Content Area)
Column F:		Grade Level
Columns G and H:	Building ID Number and Name
Columns I and J:	District ID Number and Name
Columns K and L:	Scale Score and Achievement Level
Column M:	Student Growth Percentile 
Column N: 	Lower Bound of Student Growth Percentile Confidence Interval (68% Level of Confidence)
Column O:	Upper Bound of Student Growth Percentile Confidence Interval (68% Level of Confidence)
Column P:	In Building Less than Full Academic Year (from MAP file)
Column Q: 	In District Less than Full Academic Year (from MAP file)

Appendix:  Brief Overview of Student Growth Percentiles

Definition 
Student growth percentiles are normative quantifications of growth, which are derived using quantile regression techniques.  These measures are easily interpretable descriptive statistics that permit growth comparisons between all students, regardless of the scale used to measure student learning (Betebenner, 2009, 2011c).   

Dr. Betebenner defines student growth percentiles in the following way.  

A student’s growth percentile describes how (ab)normal a student’s growth is by examining their current achievement relative to their academic peers—those students beginning at the same place. That is, a student growth percentile examines the current achievement of a student relative to other students who have, in the past, ‘walked the same achievement path’. Heuristically, if the state assessment data set were extremely large (in fact, infinite) in size, one could open the infinite data set and select out those students with the exact same prior scores and compare how the selected student’s current year score compares to the current year scores of those students with the same prior year’s scores—their academic peers. If the student’s current year score exceeded the scores of most of their academic peers, in a normative sense they have done well. If the student’s current year score was less than the scores of their academic peers, in a normative sense they have not done well (Betebenner, 2011a, p. 3).

Calculation of Student Growth Percentiles
Here is a brief summary of the process used to calculate student growth percentiles.  (See Betebenner, 2009, for a more detailed explanation of this methodology.)  

Quantile regression is used to establish curvilinear functional relationships between the cohort’s prior scores and the cohort’s current scores. Specifically, for each grade by subject cohort, quantile regression is used to establish 100 (1 for each percentile) curvilinear functional relationships between the students grade 3, grade 4, grade 5, and grade 6 prior scores and their grade 7 scores. The result of these 100 separate analyses is a single coefficient matrix that can be employed as a look-up table relating prior student achievement to current achievement for each percentile. Using the coefficient matrix, one can plug in any grade 3, 4, 5, and 6 prior score combination to the functional relationship to get the percentile cutpoints for grade 7 conditional achievement distribution associated with that prior score combination. These cutpoints are the percentiles of the conditional distribution associated with the individual’s prior achievement (Betebenner, 2011a, p. 5).  

In Fall 2011, the Pilot Project is reporting a growth percentile for an individual student for every possible year for which we can calculate this statistic (starting with 2007—the first year we are able to measure growth using MAP grade-level assessments).  Consider, for example, a student who took the MAP Communication Arts assessment each year from third grade in 2006 to eighth grade in 2011. The project will report five MAP Communication Arts student growth percentiles for this student—one for each “growth cycle” (2007, 2008, 2009, 2010, 2011).  

Calculation of Aggregate Student Growth Percentiles
In order to report growth for a group of students (e.g., a building or a district), we must compute an aggregate measure of central tendency (i.e., typicality).  Thus, we calculate a median (i.e., the middle score in the distribution) student growth percentile, using the conventional formula for this summary statistic.  

In Fall 2011, the Pilot Project is reporting two different types of student growth percentile medians—a one-year (or annual) median and a five-year median.  The one-year median is determined by applying the formula to the distribution of student growth percentiles for that particular year (2007, 2008, 2009, 2010, 2011).  The five-year median (as reported in 2011) is determined by applying the formula to the distribution created when the 2007, 2008, 2009, 2010, and 2011 student growth percentile distributions are combined.   (Note:  Median student growth percentiles are reported only for groups equal to or larger than 30.)  

Interpreting Student Growth Percentiles
We interpret student growth percentiles just as we interpret percentiles derived from other types of score distributions. Thus, student growth percentiles are a measure of relative performance—in other words, they allow us to interpret a student’s performance in relation to that of his/her peers.  As noted previously, the reference group for student growth percentiles is the student’s academic peers—students who, in the past, have “walked the same achievement path” (Betebenner, 2011c, p. 3). 
 
Student growth percentiles range from 1 to 99.  The 50th percentile is the median of the entire state’s student growth percentile distribution for each content area, so we know that typical growth equals a percentile of 50. 

Here is an example of how to interpret a student growth percentile for an individual student.

If a Missouri student earns a MAP Mathematics student growth percentile of 57, we can infer that her growth in Mathematics was equal to or exceeded that of 57 percent of her academic peers in the state.  As noted, the median of the state’s student growth percentile distribution for each content area is 50, so we can also infer that this student’s growth in Mathematics was higher than that of the typical Missouri student.

Once we calculate a MAP median student growth percentile for a group (e.g., a building or a district) of Missouri students, we can then make inferences about the performance of the typical student within this group. As noted, the 50th percentile is the median of the entire state’s student growth percentile distribution for each content area.  Schools or districts with “median student growth percentiles above 50 have students demonstrating, on average, greater than typical (i.e., 50th percentile) growth.  And, schools with median student growth percentiles below 50 have students demonstrating, on average, less than typical growth” (Betebenner, 2011c, p. 5).  

Here is an example of how to interpret a student growth percentile for a group of students.   

If a Pilot Project district attains a five-year MAP Mathematics median student growth percentile of 43, we can infer that, on average, this district’s students have demonstrated less-than-typical growth in Mathematics from 2007 to 2011.  Again, we are comparing the district’s five-year median to the state median of 50.  

Calculation and Interpretation of Student Growth Percentile Confidence Intervals
In order to appropriately interpret a MAP Mathematics or Communication Arts student growth percentile for an individual or for a group, we must consider the accuracy of the measurement process because we know there is a degree of error in all test scores.  We acknowledge this error by placing a confidence interval around the student’s “calculated” student growth percentile and around the group’s “calculated” median student growth percentile.  This confidence interval allows us to say with reasonable certainty that the student’s or group’s student growth percentile is within the range created by the lower bound of the interval and the upper bound of the interval.  For the purposes of the Student Growth Pilot Project, the degree of certainty applied to individual student data is 68%, and the degree of certainty applied to group medians is 95%.   

The determination of confidence intervals for student growth percentiles at the individual level and at the group level involves complex statistical calculations using the student growth percentile package (Betebenner, 2011b).  In general, confidence intervals at the student level are based on classical true-score theory and take into account the conditional standard error of measurement associated with each observed MAP scale score.  And, in general, confidence intervals at the group level are calculated using a bootstrap procedure.  For more specific information about these calculation methods, see Betebenner, 2011b.)   

Here is an example of how we apply a confidence interval to an individual student’s growth percentile.  

Susie’s 2011 MAP Communication Arts student growth percentile is calculated to be 53.  (In other words, 53 is her “calculated” 2011 student growth percentile.”)  The lower bound of the confidence interval associated with her student growth percentile is 22, while the upper bound of the confidence interval associated with her student growth percentile is 76.  Thus, we can say with 68% confidence that, if we gave Susie an equivalent form of the test under the same testing conditions, she would earn a student growth percentile between 22 and 76. 

Here is an example of how we apply a confidence interval to the median student growth percentile for a district or a building. 
 
We have calculated a five-year median Mathematics student growth percentile of 47 for the Spotted Cow Middle School.  Because medians are a measure of typicality or central tendency, and because the lower bound of the confidence interval for Spotted Cow’s median student growth percentile is 43 and the upper bound is 52, we can say with 95% confidence that the typical Spotted Cow student across the past five years attained a student growth percentile between 43 and 52.  
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Questions about your student growth percentiles?

If you have questions about your Fall 2011 Pilot Project student growth percentile data, please contact Dr. Bill Elder or Dr. Sharon Schattgen at the Office of Social and Economic Data Analysis at the University of Missouri (573.882.7396).  

See the Student Growth Pilot Project website for more information:   http://dese.mo.gov/MOSIS/MCDS_pilot-student-growth.html
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