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Executive Summary TC \l1 "
Executive Summary
The purpose of this internal evaluation was to examine the impact of growth models for use in assessing school performance under the Elementary and Secondary Education Act of 1965 (ESEA), as amended by the No Child Left Behind Act of 2001 (NCLB). Secretary Margaret Spelling established the Growth Model Pilot (GMP) in November 2005. As of January 8, 2009, fifteen states have been approved to include a growth model in their determinations of adequate yearly progress (AYP). North Carolina and Tennessee were approved to include a growth model in AYP determinations beginning in the 2005–06 school year; Arizona, Alaska, Arkansas, Delaware, Florida, Iowa, and Ohio
 were approved beginning in the 2006–07 school year; Michigan and Missouri were approved beginning in the 2007–08 school year; and Colorado, Minnesota, Pennsylvania, and Texas
 were approved beginning in the 2008–09 school year. This report focuses only on the first year of the GMP, using data provided by North Carolina and Tennessee following the 2005–06 school year.

As noted above, Tennessee and North Carolina were the two states approved by the U.S. Department of Education (Department) to include a growth model in AYP determinations for the 2005–06 school year. 

· The Tennessee model is a projection model that uses a student’s past academic performance to determine if the student is projected to be proficient within three years. 

· The North Carolina model is an “equi-percentile” model that examines a student’s past academic performance relative to current-year academic performance to determine whether sufficient growth was achieved for the student to be proficient within three or four years. 

Applying these growth models had a minimal impact on the accountability determinations within each state. Specifically, no schools in North Carolina and seven schools in Tennessee that did not make adequate yearly progress (AYP) through the statutory method (the percentage of students proficient and above compared to the state-defined annual measurable objectives [AMOs]) and safe harbor (10 percent reduction in the percentage non-proficient plus improvement in the other academic indicator) made AYP after the growth model was applied. 

Both states applied their growth models after all of the following steps had been applied: 

Step 1
Determine if the school meets the 95 percent participation rate.

Step 2
Compare the student performance, at the all students and subgroup levels, to the state’s AMOs. Include only those schools, and subgroups within each school, with the state-defined minimum number of students assessed who met the state-defined Full Academic Year (FAY) definition.
 

Step 3
Apply confidence interval (95 percent in Tennessee and North Carolina). 

Step 4-5
Apply averaging of data for up to three years.

Step 6
Apply safe harbor (10 percent reduction in the percentage of non-proficient students). 

NOTE: Some states apply a 75 percent confidence interval to safe harbor calculations (but neither North Carolina nor Tennessee do this).

Step 7
Apply a two- or three-year average to the safe harbor calculation (not included in North Carolina calculations).

Step 8
Apply growth model.

The fact that the states had multiple ways to make AYP (status and safe harbor) and that each involved multiple calculations (averaging and confidence intervals) contributed to the limited impact of the growth models. Many, but not all, of the public schools that made AYP through the status model (steps 1-7) in North Carolina and Tennessee would have continued to make AYP if the growth model had been the only means of calculating AYP. For example, in Tennessee, 674 of the 889
 public schools that made AYP would have made AYP based solely on the growth model. In North Carolina, 364 of 780 public schools that made AYP would have made AYP based solely on the growth model. The goal of these computations for both Tennessee and North Carolina was to obtain an estimate of the number of schools that made AYP via both status and growth models. Both states originally reported the number of schools making AYP via growth after application of the status model, which underrepresented the actual number of schools meeting AYP via the growth model. The analyses in this report provide evidence that growth models, in the absence of the existing status model, would in fact identify significant numbers of schools making AYP. It should be noted that both states had high rates of students already proficient; thus, there were few students upon which to calculate growth towards proficiency.

These initial analyses of the GMP show that states can effectively manage longitudinal data and implement growth models. Further, the report suggests that growth models may produce reliable and valid accountability determinations of school performance. 

Areas for Further Study TC \l2 "Summary
An evaluation of the relative merits of a projection model, such as used in Tennessee, compared with a retrospective model, such as used in North Carolina, should be conducted when additional years of data become available. Further study is needed on the impact of growth models within state accountability systems, the inclusion of all students, the accuracy of projections, whether the growth model ensures enough growth when giving schools credit, and if students who get credit for growth eventually score proficient or above as projected. Finally, analyses of the overall implications and guidelines for effectively using growth models in school accountability systems need to be developed for other states that may be considering use of growth models. 

Background TC \l2 "Background
On November 18, 2005, Secretary Spellings announced a growth model pilot to determine whether tracking individual student achievement over time would provide another accurate measure of schools’ progress in raising student achievement. The Secretary laid out seven core principles each proposed growth model would have to meet to be considered for the pilot. Each model must: 

1. Ensure that all students are proficient by 2013–14 and set annual goals to ensure that the achievement gap is closing for all groups of students; 

2. Establish high expectations for low-achieving students, while not setting expectations for annual achievement based upon student demographic characteristics or school characteristics; 

3. Produce separate accountability decisions about student achievement in reading/language arts and in mathematics; 

4. Ensure that all students in the tested grades are included in the assessment and accountability system, hold schools and districts accountable for the performance of each student subgroup, and include all schools and districts; 

5. Be based on assessments in each of grades 3(8 and high school in both reading/language arts and mathematics that have been operational for more than one year, received approval through the NCLB peer review process for the 2005-06 school year, and produce comparable results from grade to grade and year to year; 

6. Track student progress as part of the state data system; and 

7. Include student participation rates in the state’s assessment system and student achievement on an additional academic indicator. 

Each proposal that met these seven core principles was submitted to a panel of outside experts, including academics, state and district practitioners, and members of education organizations. Upon receiving the peers’ recommendations, Secretary Spellings approved North Carolina and Tennessee to include growth models in accountability determinations for the 2005–06 school year. This analysis is based on data provided by those two states as a condition of being approved to be in the pilot.

Subsequently, Secretary Spellings invited additional states to submit proposals for the GMP. Following a similar peer review process, the Department approved growth models from another nine states: Alaska, Arkansas, Arizona, Delaware, Florida, Iowa, Michigan, Missouri, and Ohio. The impact of these additional growth models will be analyzed in an external evaluation being conducted by the National Opinion Research Center (NORC) and the University of Chicago. Appendix B presents state-reported data on the number of schools that made AYP via status and growth for each of the eleven approved states for the 2006(07 and 2007(08 school years. In October 2008, the Department issued final Title I regulations permitting any state that meets the regulatory criteria, based on the original core principles, to include a measure of individual student growth in AYP determinations in the future.

Description of the Models

North Carolina 

North Carolina’s model measures progress from one year to the next to determine whether the current level of growth is sufficient to place a student on track to reach proficiency within a set amount of time. The model measures a student’s performance relative to a known distribution and performance goal. For non-proficient students, a trajectory is developed and annual growth targets distributed over a three- or four-year period. If a student exceeds his or her growth target for the particular year, he or she is considered “on track to become proficient” for that year. The state then adds these students who are on track to become proficient to the number of students scoring proficient or above for the current year. The trajectory is not reset as long as the student remains non-proficient, nor is it reset when the student changes schools or districts. 

North Carolina’s model is a “status-plus” model because it does not include the growth (or lack of growth) of students scoring proficient in the current year but, rather, adds the number of students on track to be proficient to the number of students currently proficient to determine whether the school met the state’s AMOs. 

Tennessee

Tennessee’s model uses a student’s past performance and the statewide “average schooling effect” to project a student’s growth performance three years into the future. If the predicted score indicates a student would be proficient within three years, then the student is counted as proficient for AYP purposes in the current year. However, if the student is projected to be non-proficient within three years, that student is counted as non-proficient for AYP purposes, even if that student scored above proficient in the current year; thus, Tennessee’s model is not a “status-plus” model. Moreover, only students who are projected to be proficient within three years are included as proficient in the current AYP determinations. 
Appendix A provides further detail regarding the North Carolina and Tennessee growth models.

Results

Impact of the Growth Model on School AYP Determinations

Tables 1 and 2 below present information on the impact of the growth model on school AYP determinations in each state. Table 1 summarizes information on AYP determinations in each state based on the method by which schools made AYP (i.e., via status, status with a confidence interval or safe harbor, or growth). The use of growth models had a limited effect in both states. For example, no schools in North Carolina made AYP via the addition of the growth model; seven schools in Tennessee made AYP via the growth model. In contrast, more than a quarter of all schools made AYP via the application of a confidence interval or safe harbor in both states. All states are permitted to use these methods, which allow a school that does not meet the state’s AMOs to make AYP by applying a confidence interval to the percentage of students scoring proficient or above or by having a ten percent reduction in the percentage of non-proficient students.
Table 1. Summary of Overall AYP Determinations in North Carolina and Tennessee, 2005(06

	Category
	North Carolina
	Tennessee

	
	Number
	Percent
	Number
	Percent

	Schools with an AYP determinationa
	1,860
	100.0
	1,597
	100.0

	Schools that made AYP via status
	836
	44.9
	1,304
	81.7

	Of the schools that made AYP via status, those that made AYP by applying a confidence interval or safe harbor
	551
	29.6
	415
	26.0

	Schools that made AYP solely via growth
	0
	0
	7
	0.4

	Schools that did not make AYP 
	1,024
	55.1
	286
	17.9


a Because this is based on state provided, student-level data, a slight discrepancy exists between the number of schools included here and other available counts of schools. This may be due to the small number of schools that do not receive an AYP determination or some other slight variation in the numbers states reported.
Source: Based on data provided by the North Carolina Department of Public Instruction and the Tennessee Department of Education, fall 2006.
The results in Table 2 provide a different snapshot than the results in Table 1. Table 2 shows the actual number of schools in each state that would have made AYP using only those students who were included in both the status and growth models. This analysis used “lower bound” estimates to determine the number of schools that would have made AYP through the use of either the status or growth model and is based on replications of the states’ procedures for the status model. This analysis also employed a constant minimum group size of 45 students in North Carolina and 40 students in Tennessee when determining whether the subgroup should be included in AYP determinations. Both states actually base AYP determinations using a minimum group size that is the greater of the number (i.e., 45 or 40, respectively) or 1 percent of the tested population. Thus, in a school of 5,000 students in North Carolina, the minimum group size would be 50 students. To simplify this analysis, the Department did not include the percentage of the tested population component or apply a confidence interval even though both states actually employ a 95 percent confidence interval. Thus, while not exactly replicating each state’s AYP school determinations, the findings provide a better understanding of how growth models impacted AYP determinations in these two states in 2005(06. Again, these findings were generated using data North Carolina and Tennessee provided as part of participating in the GMP.

As discussed in greater detail later in this paper, the number of students and schools included in the growth model is significantly smaller than the number included in the status model due to students already scoring proficient, not being matched, or being in a grade not included in the growth model (e.g. grade 3 or high school). As a result, Table 2 shows that a total of 780 schools in North Carolina and 889 schools in Tennessee met the status AMOs in each state, respectively. Of those schools, nearly half of North Carolina schools (364 schools or 47 percent) would have made AYP via the growth model alone and three-quarters of Tennessee schools (674 schools or 76 percent) would have made AYP via the growth model alone. 

Table 2: Comparison of School AYP Determinations Based on Status AMOs versus Growth Only in North Carolina and Tennessee, 2005(06 
	Category
	North Carolina
	Tennessee

	
	Number
	Percent
	Number
	Percent

	Schools that met status AMOs
	780
	100.0
	889
	100.0

	Schools that made AYP via growth only 
	364
	46.7
	674
	75.8


Source: Based on data provided by the North Carolina Department of Public Instruction and the Tennessee Department of Education, fall 2006.  

Impact of the Growth Model on Student AYP Determinations 

Tables 3 and 4 below compare the performance of students who are included in both the status and growth models in North Carolina and Tennessee, respectively, in 2005(06. In both states, for reading and mathematics, the percentage of non-proficient students who were projected or on track to be proficient ranged from one to six percent. In North Carolina, 91 percent of students were proficient or on track to be proficient in reading and 75 percent of students were proficient or on track to be proficient in mathematics. In Tennessee, 92 percent of students were proficient or projected to be proficient in reading and 93 percent of students were proficient or projected to be proficient in mathematics. Given that both states have a high rate of students who scored proficient or above without measuring growth, analyzing the impact of these growth models in states with lower percentages of students who scored proficient or above would contribute to our knowledge of the impact of these models on student AYP determinations. 

Table 3. Comparison of Student AYP Determinations in Reading/Language Arts Under Status and Growth in North Carolina and Tennessee, 2005(06 

	Category
	North Carolina
	Tennessee

	
	Number
	Percent
	Number
	Percent

	Total number of students assessed in reading (all grades 3(8 and once in high school)
	568,960
	100.0
	322,545
	100.0

	Students who scored proficient or above (status)
	511,131
	89.8
	289,568
	89.8

	Students currently non-proficient who are on track or projected to be proficient or above
	4,775
	0.8
	16,512
	5.1

	Students currently proficient or above but who are on track or projected to be less than proficientb
	225,647
	44.1
	10,083
	3.1

	Students who met growth projection to be proficient or above (Tennessee only; 16,512 ( 10,083)c 
	—
	—
	6,429
	2.0

	Students proficient or above or on track or projected to be proficient or above (North Carolina: 511,131 + 4,775; Tennessee: 289,568 + 6,429)
	515,906
	90.7
	295,997
	91.8

	Students not proficient and not on track or projected to be proficient (North Carolina: 568,960 – 515,906; Tennessee: 322,545 – 295,997)
	53,054
	9.3
	26,548
	8.2


Table 4. Comparison of Student AYP Determinations in Mathematics Under Status and Growth in North Carolina and Tennessee, 2005(06
	Category
	North Carolina
	Tennessee

	
	Number
	Percent
	Number
	Percent

	Total number of students assessed in mathematics (all grades 3(8 and once in high school)
	428,979
	100.0
	322,433
	100.0

	Students who scored proficient or above (status)
	311,538
	72.6
	287,101
	89.0

	Students currently non-proficient who are on track or projected to be proficient or above
	8,844
	2.1
	18,206
	5.6

	Students currently proficient or above but who are on track or projected to be less than proficientb
	115,502
	26.9
	6,156
	1.9

	Students who met growth projection to be proficient or above (Tennessee only; 18,206 ( 6,156)c 
	—
	—
	12,050
	3.7

	Students proficient or above or on track or projected to be proficient or above (North Carolina: 311,538 + 8,844; Tennessee: 287,101 + 12,050)
	320,382
	74.7
	299,151
	92.8

	Students not proficient and not on track or projected to be proficient (North Carolina: 428,979 – 320,382; Tennessee: 322,433 – 299,151)
	108,597
	25.3
	23,282
	7.2


b States approved to participate in the growth model pilot program are required to determine whether all students, including those who are currently proficient or above, made growth as defined by the state’s model. This row shows the number of students in North Carolina and Tennessee, respectively, who were proficient in the current year but did not meet the state’s growth model to remain proficient.

c North Carolina runs the growth model on all students. If a student is proficient in the current year but on track to be non-proficient in the future, the student is still counted as proficient for the current year AYP determinations. By contrast, in Tennessee, a student who is proficient in the current year but projected to be non-proficient is counted as non-proficient in the current year AYP determinations.

Source: Based on data provided by the North Carolina Department of Public Instruction and the Tennessee Department of Education, fall 2006.
It is important to note that the fourth row in both Tables 3 and 4 provide data on the number of currently proficient students on track or projected to be non-proficient. As a condition of being approved, the Department required each state to apply the growth model to all students, including proficient students. The manner of how this was done varied by state. As previously noted, Tennessee, counted a student

currently proficient but projected to be non-proficient as non-proficient in the current year in its growth model. North Carolina calculated the growth of proficient students but included them as a proficient in the current year regardless of whether or not they met the growth trajectory. Tables 3 and 4 show that the North Carolina growth model identified a much higher percentage of proficient students who did not meet the growth trajectory than did the Tennessee model. This may indicate that the North Carolina growth model is more sensitive to a decline among proficient students, whereas the Tennessee model allows for a modest decline. In North Carolina, 44 percent of proficient students in reading and 27 percent of proficient students in mathematics did not meet their growth expectations. In Tennessee, 3 percent of proficient students were projected to be non-proficient in reading. However, our analyses revealed that 42 percent of students in reading and 37 percent of students in Tennessee in mathematics scored 3 or more scale score points below their projected scores. 
Evaluation

The limited effect of the growth model in Tennessee may be due to the small number of schools that did not make AYP through the existing accountability system. Approximately 82 percent (1,304 of 1,597) of all public schools in Tennessee and 44.9 percent (836 of 1,860) of all public schools in North Carolina made AYP under the status model. Further study is needed to determine how the various elements of a state’s method for calculating AYP affect accountability determinations under the growth model. For example, how much more of an impact would the growth model have made if the state did not apply a confidence interval to its AYP determinations under status?

Accuracy of AYP Determinations  TC \l2 "Type I versus Type II error in NCLB Determinations
A common concern with NCLB is that the statutory method of calculating AYP may incorrectly identify schools and districts as not making AYP. In statistics, the possibility of mis-identifying schools is referred to as Type I and II errors. A Type I error involves claiming no difference exists when in fact a difference does exist. A Type II error involves claiming a difference exists when in fact no difference exists. With regard to school accountability, Type I error represents identifying the school as meeting the performance target when in fact it did not. Type II error represents identifying a school as not making AYP when in fact the school has met the performance target. 

The validity of a state’s accountability system is based upon correctly identifying as not making AYP those schools that exhibit low student achievement. The status model has been predominately concerned with limiting Type II errors. It accomplishes this through a multi-step process, including:

· Minimum group sizes. Only groups of students above a particular size threshold, as defined by the state, are included in accountability determinations;

· Full academic year. Only students who have been enrolled in the school for the full academic year, as defined by the state, are included in accountability determinations;

· Confidence intervals. Most states apply a confidence interval to the percentage of students who are proficient or above to determine whether the percentage is within a certain band of probability of the AMO. Many States also apply a confidence interval to the safe harbor calculation;

· Multi-year averaging. If the percentage of students who are proficient or above does not meet the AMO, many states will use a two- or three-year weighted average; and 

· Recently arrived limited English proficient (LEP) students. The Department’s September 2006 regulations permit a school to exclude recently arrived LEP students from one administration of the reading/language arts assessment in the student’s first 12 months in a school in the United States and to exclude the results of that first administration of the reading/language arts (if taken) and mathematics assessments in AYP determinations.

Given the flexibility already permitted in state accountability systems (as noted on pages 2-3 the number of steps permitted in AYP determinations), recent internal Department analyses of selected state data through the Educational Data Exchange Network (EDEN) indicate that the majority of schools identified as in need of improvement are missing AYP due to a large number of subgroups or a significant population of the student body not being proficient in reading/language arts or mathematics. This finding may indicate that the emphasis on reducing Type II error (identifying schools as not making AYP when the school has demonstrated adequate or improved student achievement) has increased the likelihood of Type I error (identifying schools as making AYP when the school is not demonstrating adequate or improved student achievement).  

Inclusion of Growth Models in State Accountability Systems

The Department required that any growth model approved for the GMP apply its model to all students, including both proficient and non-proficient students. However, because NCLB focuses primarily on proficiency, Secretary Spellings allowed models that provide information on the growth of proficient students but did not necessarily include this information as part of the accountability determination for a school.  

As mentioned above, North Carolina implemented a “status-plus” model in 2005–06. In contrast, Tennessee evaluated all students using the growth model, both those below and above the target performance goal. As Table 5 below illustrates, the growth model classified students in one of four categories: (1) a non-proficient student projected to be non-proficient in three years; (2) a non-proficient student projected to be proficient in three years; (3) a proficient student projected to be non-proficient in three years; and (4) a proficient student projected to be proficient in three years. If a student was proficient in the current year but projected to be non-proficient, the student was counted as non-proficient.

Table 5: Student Performance Classifications for the Tennessee Growth Model  

	
	2009 Projection: Non-Proficient
	2009 Projection: Proficient

	2006 Score: Non-Proficient 
	Non-proficient (1)
	Proficient (2)

	2006 Score: Proficient 
	Non-proficient (3)
	Proficient (4)


Tennessee examined status and growth separately. For example, a school would either meet the AMO for all the groups using the growth model (aggregate of cells 2 and 4) or for all its groups using the status model (aggregate of cells 3 and 4). (Note: Tennessee amended its model after the 2005–06 school year so that, within each school, different subgroups could make AYP via the growth model or the status model. For example, in school A, the “all students” group and the White and Hispanic groups could make AYP via the status model and the Black group could make AYP via the growth model and school A would make AYP.)  

While approving “status-plus” models, the Department has required North Carolina and states approved to include growth models in subsequent years to apply the growth model to proficient students. In this way, schools, parents, and students receive valuable information regarding students currently proficient but whose achievement may be decreasing.

Impact of North Carolina’s and Tennessee’s Growth Models on AYP Determinations

Preliminary results provided by the states indicate that no schools in North Carolina and seven schools in Tennessee made AYP through the growth model that would not have made AYP through the existing accountability system. The reasons for this minimal impact include existing accountability systems in each state that allow for multiple ways for schools to make AYP and the high levels of student proficiency already occurring on the state assessments. As noted previously, growth models are the final steps in making school AYP determinations. By definition, as the last step in the process, growth models are applied to the lowest-performing schools.

Statistical Issues Raised by Application of North Carolina’s and Tennessee’s Growth Models  TC \l1 "Discussion
Both North Carolina and Tennessee proposed growth models that attempted to address statistical concerns associated with measuring changes in student achievement over time. However, statistical questions remain about the North Carolina and Tennessee growth models that warrant additional study and that states should consider when deciding whether or not to develop a growth model and what type of model would be most appropriate: 

· North Carolina growth trajectories TC \l3 "North Carolina Growth Trajectories: The state’s overall assessment system serves as the foundation for a growth model. The coherence of the assessment system is critical in addressing concerns that one grade level may have different expectations than another. The coherence required for a valid growth model may be different than the coherence required for a valid status model. North Carolina’s model bases growth trajectories on conversions of the standard normal curve (z-scores), yet the distribution of scores may not be normally distributed or vertically articulated (i.e., the assessment in one grade may be significantly easier than the assessment in another grade). This may lead to some misleading results under growth. For example, a student who is not proficient in 4th grade has a z-score of -0.956 (approximately the 17th percentile). In 5th grade, if the student actually regresses in performance relative to other students to a z-score of -1.20 (approximately the 10th percentile), the student would still be considered proficient because proficiency in 5th grade requires a score of -1.233 (approximately the 9th percentile). The student would be included as proficient in North Carolina’s status and growth models, yet the student’s relative performance declined. This concern of a student’s performance relative to his or her peers would be tempered only if all students grew by more than one grade level. 

· Student match rates TC \l3 "Student Match Rates: Both North Carolina and Tennessee reported high match rates, a requirement for a valid growth model. However, the number of students included in the growth model is significantly less than the number of students included in the status model. This is due to a number of factors, such as the exclusion of students with only one year of scores and the exclusion of students taking alternate assessments (the alternate assessment based on alternate academic achievement standards in Tennessee and the alternate assessment based on alternate academic achievement standards, alternate assessment based on modified academic achievement standards, and the alternate test for limited English proficient students in North Carolina). Match rates by performance level must be monitored to ensure discrepancies among the subgroups are random and not systemic or biased.  

· Expected samples sizes for growth models: The expected number of students who are eligible or identified to participate in the growth model will necessarily be less than the number of students who participate in the status model. This is because NCLB requires testing in grades 3-8 and once in high school for a total of seven tested grades in both reading/language arts and mathematics. However, growth models cannot be applied to high schools in most cases due to varying factors: often the high school tests are scored on a different scale or a gap exists between grade 8 and the tested grade in high school. 
Growth models require two years of data in order to measure individual student growth. As grade 3 is the first year of statewide testing in most states, a new cohort will transition into grade 3 each year and have no prior data to use in a growth model. Grade 8 students transition into high school and, therefore, once they are there, have no assessment data applicable to the new school. Consequently, the cohort for the growth model generally includes only grades 4-8, measuring students’ respective growth from grades 3(7 the previous year. 
As an example, a state with 50,000 students in each grade will have approximately 650,000 total students in kindergarten through grade 12. Of those students, roughly 350,000 students will participate in the status model (grade 3(8 and one grade in high school). In the typical growth model, only students in grades 4(8 will be included in the growth model, which equals approximately 250,000 students (depending upon the match rates for student data discussed above). 

· Accuracy of Tennessee projections TC \l3 "Analysis of Residuals in Tennessee Prospective Model. The regression model used by Tennessee predicts the score of a student based upon his or her previous assessment scores. Of interest would be further study on (1) the accuracy of projected scores and (2) whether there is potential bias in these predictions relative to a student's initial performance. More specifically, further study is needed regarding the standard errors in these projections and whether there is any inherent negative or positive bias in these projections for low performance school systems. 

Conclusions

The initial review of data in North Carolina and Tennessee indicates that growth models are likely to be applied in addition to the existing status model rather than separately alongside the existing status model. This complicates analysis of the growth model’s impact since each model must be analyzed in the context of the state’s accountability system. Further, the percentage of students achieving proficiency prior to implementation of the growth model may impact the number of schools making AYP due to the growth model. Both North Carolina and Tennessee had high rates of proficiency, thereby reducing the necessity of relying upon the growth model to measure student progress. 

The GMP shows that states can effectively manage longitudinal data and implement growth models. This study makes clear that examination of the interaction of the status and growth models is critical to understanding the impact on a state’s system. Further study is necessary to understand the dynamics of the interaction with each aspect of the status model and how the state’s accountability and assessment system affects the growth model.

It appears that growth models may produce reliable and valid accountability determinations of school performance. Growth models provide additional information to identify individual student strengths and weaknesses, improve instruction, and conduct program evaluations. The growth models approved in North Carolina and Tennessee provided limited change in the number or characteristics of schools that made AYP. This limited change this was not due to an inability of growth models to effectively measure student achievement but, rather, to the flexibility currently afforded states in the status model and the large number of students who were already proficient.

Appendix A

North Carolina Growth Model TC \l2 "The North Carolina Growth Model
North Carolina selected an equi-percentile model to measure student growth. The basic process of an equi-percentile model can be explained through use of percentiles. A percentile rank is a common measure used in educational testing. For example, if a student has a test score of 70 and is performing at the 84th percentile on a test, this is interpreted as the student is performing better than 84 percent of the students who completed the test. A percentile is based on the distribution of scores from an exam and can be computed for any test. Most people are familiar with the term “bell curve” which represents a normal distribution of scores and is shaped like a bell.

An equi-percentile growth model determines an “equivalent” performance on two tests, regardless of their difficulty or scale (e.g., 0-100 or 0-1,000). If a student has a percentile rank of 84 percent for Test I, it would be necessary to compute the equivalent percentile of 84 percent on Test II (see Figure 2). Next, the difference between these two percentiles is computed, which represents the growth or decline in student performance. 

North Carolina uses the percentile values to determine several elements of its growth model. First, a percentile is identified that corresponds to a performance level representing proficiency. For example, a curriculum standards committee identifies a score of 70 on a 100-point test as representing that a student is proficient. Next, the distribution for all test scores is examined and it is identified that a score of 70 is associated with a percentile rank of 16 percent. Thus, any student who obtains a score of 70 or above will be performing at or above the 16th percentile and is considered proficient. 

Next, a standard normal value, or z-score, is computed using the percentile rank. While percentile ranks range from 1-99 percent, z-scores are centered at the mean of the exam. For example, a z-score of 0 is equivalent to a percentile rank of 50 percent. A z-score 1.0 (one standard deviation) is equivalent to a percentile rank of 84 percent; a z-score of -1.0 (again, one standard deviation) is equivalent to a percentile of 16 percent. A student who is below proficient has a z-score computed for the baseline test in the growth model. If this student’s z-score is below proficient, a growth trajectory is developed by examining what z-score that student needs to be proficient by 8th grade. The difference in these two z-scores is calculated and divided by the number of years a student has to attain this new z-score. Each year, the student must make the appropriate portion of the progress toward the proficient z-score. Figure 2 demonstrates this process for three students.

Standard Normal Curve
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where 


X = a students score on the test


: = mean of the test


 = standard deviation of the test

The North Carolina growth model uses the z-scores to determine growth targets for students in their growth models (see Figure 2). The performance goal for students A and B on Test 1 and Test 2 is -1.0, or the 16th percentile. 

	Figure 2. North Carolina Example

	
	Test 1
	Test 2

	Mean (:)
	70
	75

	Standard Deviation ()
	15
	15

	Proficiency goal (pg)
	-1.00
	-1.00

	

	Student A:
	
	

	   Raw score
	40
	50

	   Z-score
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	Student B:
	
	

	   Raw score
	85
	80

	   Z-score
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	Student C:
	
	

	   Raw score
	40
	45

	   Z-score
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	Example of computation for annual growth target of student A:

	-(z1 – pg 4 = --2.00 - (-1.00)  4 = 0.25

Student A must grow 0.25 z-scale points from year 1 to year 2. Actual growth: 

(-2.0 - (-0.167) = 0.33). 

The student gained more than 0.25 points; thus, student A met the target.


Under the status model, student A is not proficient with a z-score of -2.00 on Test 1 (less than the performance goal of z = -1.0). An annual growth target (AGT) is developed that is equal to 0.25 points on the standard normal curve. On Test 2, student A has a z-score = -1.67 which is not proficient relative to the performance goal of z = -1.0. However, the increase in z-score from -2.0 to -1.67 is 0.33 points and meets the AGT of 0.25 points. As a result, student A is identified as meeting growth and considered proficient for AYP determinations. 

Student B is proficient with a z-score of 1.0 on Test 1, so no AGT is computed. On Test 2, student B has a z-score of 0.33 which is a decline in performance from Test 1 but still exceeds the performance goal of -1.0 so student B is proficient for AYP determinations.

Student C has a z-score of -2.00 on Test 1. An AGT is developed that is equal to 0.25 points on the standard normal curve. On Test 2, student C has a z-score of -2.00. This student is not proficient and has not met the AGT. The raw score for student C improved from 40 on Test 1 to 45 on Test 2. Thus, either student C’s cohort of students are demonstrating greater performance on Test 2 or Test 2 is easier that Test 1.

Tennessee Growth Model TC \l2 "Tennessee Growth Model
Tennessee uses a projection model to assess student growth. The state uses a student’s history of test scores in an equation to project or predict that student’s future score. To complete this process, previous cohorts of student scores are used in generating a prediction equation that can be applied to the current cohort of students. For example, last year a cohort of 6th-graders in Tennessee were tested on the state reading exam. These same 6th-graders also had scores from the state reading exam for grades 3, 4, and 5. The scores on the 6th-grade reading test are placed in a matrix called Y. The reading scores for grades 3-5 are placed in a matrix called X. All the reading scores from grades 3-6 are combined into a design matrix called XY. The matrices are used in a statistical procedure to generate a covariance matrix called C with submatrices CXX and CXY (CYX = CXYT) and CYY. These submatrices are used for various statistical functions but primarily in calculations for b = CXX-1CYX to generate the regression coefficients b1, b2, ... bN. For example, the projected score is computed using variations of the following equation:


Projected_Score = MY + b1(X1 – M1) + b2(X2 – M2) + … + = MY + xiTb
(2)

where MY, M1, etc. are estimated mean scores for the “future test score” or response variable (Y). The previous test scores can also be referred to as the “predictor variables.” To complete projected scores in the equation you make the following substitutions:


MY 

= estimated mean score on test


b1, b2, ... bN 
= regression coefficients used to predict performance


X1, X2, ... XN
= previous reading scores

M1, M2, ... MN
= average school reading scores

The Tennessee model includes a statewide “average schooling effect,” which is obtained by calculating the mean scores for each grade of a particular school and then averaging those means over all schools within the state. It is intended to account for the fact that a current school has no control over the effectiveness of the schools that their students will attend in the future (thus potentially affecting the student’s growth). The average schooling effect assumes that each student will have the “average schooling experience” of all Tennessee schools.  

Tennessee’s model projects scores for all students, estimating each student’s performance in reading and math in three years. Each student’s projection is based upon his or her available test scores. For example, student A has reading scores for 2003, 2004, and 2005 whereas student B has reading scores for 2003 and 2005. In both cases, projected scores are computed using the equation described above using student-specific values.

Figure 3. Tennessee Example
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In figure 3, student A is currently below proficient (year 1) but projected to be proficient in year 4. In Tennessee’s growth model, student A would be considered proficient in year 1 for AYP determinations and in each of the succeeding years if he or she continues to be on this trajectory to proficient. 

Student B is missing data for 2004. Tennessee addresses the issue of missing test scores by using the regression coefficients from (b = CXX-1CYX) and constants in the equation described above to fill in the missing test scores. Thus, all relevant student data are included in projecting score for a student. Using the available data for student B, a growth trajectory is developed that shows a projected decline in performance, though the student is projected to remain above proficient. Because student B is projected to remain above proficient by year 4, student B is proficient for the current year AYP determinations. If student B’s projection indicated he or she would fall below proficient, student B would be considered non-proficient in the current year AYP determinations. 

Appendix B

Table 2. Growth model impact: State-reported data on the number and percentage of schools making adequate yearly progress (AYP) by status or growth, 2006-07 and 2007-08

	State
	Year

Total number of schools

Total percent that made AYP overall 
	Method for making AYPa

	
	
	Met via Statusb
	Met solely via growth

	
	
	Numberc
	Percentc
	Numberc
	Percentc

	Alaska
	2008

497 schools

295 (59%) made AYP
	295
	100%
	0
	0

	
	2007

497 schools

328 (66%) made AYP
	328
	100%
	0
	0

	Arizona
	2008

1,860 schools

1,356 (73%) made AYP
	1,348
	99%
	8
	1%

	
	2007

1,851 schools

1,325 (72%) made AYP
	1,323
	99.8%
	2
	0.2%

	Arkansas
	2008

1,077 schools

625 (58%) made AYP
	572
	92%
	53
	8%

	
	2007

1,026 schools

633 (62%) made AYP
	605
	95.5%
	28
	4.5%

	Delaware
	2008

189 schools

129 (68%) made AYP
	38
	30%
	4d
	3%d

	
	2007

193 schools

135 (70%) made AYP
	46
	34%
	7
	5%

	 Florida 
	2008

3,305 schools

791 (24%) made AYP
	638
	81%
	153
	19%

	
	2007

3,233 schools

1,061 (33%) made AYP
	 904
	85%
	157
	15%

	Iowa  
	2008

1,477 schools

1,022 (69%) made AYP
	957
	94%
	65
	6%

	
	2007

1,491 schools

1,352 (91%) made AYP
	1,224
	91%
	128
	9%

	State


	Year

Total number of schools

Total percent that made AYP overall
	Method for making AYPa 



	
	
	Met via Statusb
	Met solely via growth

	
	
	Numberc
	Percentc
	Numberc
	Percentc

	Michigan 
	2008

3,763 schools

3,008 (80%) made AYP
	2,897
	96%
	111
	4%

	
	2007e
3,801 schools

3,153 (83%) made AYP
	3,153
	100%
	NA
	NA

	Missouri
	2008

2,183 schools

934 (43%) made AYP
	820 
	88%
	114
	12%

	
	2007e
2,100 schools

1,125 (54%) made AYP
	1,125
	100%
	NA
	NA

	North Carolina
	2008

2,412 schools

743 (31%) made AYP
	732
	99%
	11
	1%

	
	2007

2,407 schools

1,074 (45%) made AYP
	1,062
	99%
	12
	1%

	Ohio 
	2008

3,765 schools

2,414 (64%) made AYP
	1,386
	57%
	1,028
	43%

	
	2007e
3,500 schools

2,170 (62%) made AYP
	2,170
	100%
	NA
	NA

	Tennessee
	2008

1,644 schools

1,318 (80%) made AYP
	1,294
	98%
	24
	2%

	
	2007

1,714 schools

1,447 (84%) made AYP
	1,428
	99%
	19
	1%


Notes: 

aState reported data; not official data. 

bMay include status and other AYP options (e.g., safe harbor) depending on approved state model. 

cNumber represents the number of all schools in the state making AYP by the model noted in the column head; Percent represents the percentage of all schools making AYP that make it by the model noted in the column head.

dDelaware computes the status and growth model for all schools and uses the better of the two outcomes to determine school ratings. Thus, schools that meet via growth may also meet via status. The Delaware data in the final two columns show only the number and percentage of schools that made AYP via growth but not by status. 

eMichigan, Missouri, and Ohio were not approved to include a growth model in AYP determinations in 2006-07.
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� Ohio was conditionally approved to include its growth model in AYP determinations beginning in 2006–07 but was unable to satisfy the condition in time to include growth in AYP determinations. As a result, 2007–08 was the first year that Ohio included its growth model in AYP determinations.


� Pennsylvania and Texas were conditionally approved by the Secretary. Each must resolve the conditions prior to making AYP determinations in order to include the growth model for the 2008–09 school year.


� The minimum number of students may be applied a priori to any computations or after completion of Steps 1-3. Ultimately, the schools will be evaluated on only those groups with the minimum number of students.


� Based on data provided by Tennessee and North Carolina. The number of schools, 889 and 780, respectively, includes only those schools that made AYP in the state and for which the growth model was calculated. Some schools and students are necessarily excluded from the growth model calculations. For more on this issue, see page 6.
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