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Mathematics Achievement Growth at the Student and School Levels for Regular and Special
Education Elementary Students
Despite the promise of growth models, there is a paucity of research that applies these
methods to students with disabilities (SWD). Published growth analyses that include special
education students have shown that, although there are large differences in intercept, there are
often no statistically significant differences in slope for students with disabilities (e.g., Stevens,
2005; Wei et al., 2011). The current paper reports preliminary results of analyses of the North
Carolina end-of-grade mathematics test to estimate student growth during elementary school
grades 3-5. The cohort analyzed is composed of all students present in 2001 in grade three and
tracks students through grades four and five. We applied two-level, Hierarchical Linear Models
(HLM) to examine student mathematics growth over time and the relationships of mathematics
achievement with demographic variables as well as student exceptionality categories. We also
used three-level HLM models to examine growth across schools and the relationships among
several school level characteristics (e.g., school size, percent free/reduced lunch, percent special
education, etc.) and average school mathematics achievement.
The academic achievement of students with disabilities (SWD) has been a persistent
policy and practice concern for the past several decades. The majority of studies reporting the
analysis of student academic growth do not explicitly analyze growth for students receiving
special education. Some investigators have reported academic growth for special education
students in a few selected exceptionality categories (Morgan, 2009; 2011) but studies are rare
that report academic growth for many categories of exceptional students (Carlson et al., 2011;
Wei et al., 2011; 2012).
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The No Child Left Behind Act (NCLB, 2001) embodied federal concerns about
educational quality and expressed them through enactment of assessment and accountability
measures designed to ensure that all students were learning to high standards and achievement
gaps between majority students and other groups of students were closing (McGuinn, 2005).
NCLB requires reporting of school-level outcomes as well as the disaggregation of achievement
test scores for subgroups who have historically performed poorly relative to other students.
States vary considerably in their assessment instruments, definition of grade level proficiency,
and models for evaluating and judging progress toward accountability goals (Heck, 2006; Linn,
2008). However, increasing awareness that the status-based accountability models promoted
under the No Child Left Behind act of 2001 may not adequately capture student performance nor
produce unbiased estimates of the effects of teachers and schools (Hanushek & Raymond, 2005;
Heck, 2006; Linn, 2008; Linn & Haug, 2002; Schulte & Villwock, 2004; Teddlie & Reynolds,
2000; Willms, 1992; Zvoch & Stevens, 2005) has lead to flexibility under the Race To The Top
program and greater attention to the use of growth models (Manna & Ryan, 2011; USDOE,
2010).
An emphasis in both NCLB and RTTT has been the idea of universal proficiency and the
evaluation of the performance of student subgroups with the goal of closing achievement gaps
between groups. However, we know relatively little about the impact of states' particular
assessment and accountability choices on the reliability and validity of disaggregated test scores
for students with disabilities (SWD), one of the targeted subgroups in NCLB. Schools'
performance with this group of students has been a concern for decades (Carlberg & Kavale,
1980; Schulte, Osborne, & Erchul, 1998) and many states report that over 70% of students with
disabilities perform below proficiency on annual statewide reading and mathematics tests. In a
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recent three-state study of schools that failed to make adequate yearly progress (AYP) targets,
Eckes and Swando (2009) found that the most frequent reason for schools' AYP failure was the
performance of the SWD subgroup. RTTT places greater emphasis on student growth than the
status only models of NCLB. But we know little about trends in growth especially for the SWD
subgroup as a whole and even less for students in specific exceptionality subgroups.
What is the course of growth over grades for students overall and in specific subgroups?
Recent reports of state test score trends have indicated that students at risk educationally, which
includes students with disabilities, have largely participated in their state assessments; however,
the majority of their performances have not met state proficiency standards (Center on
Educational Policy, 2009; Thurlow et al., 2008). And yet educators sense that students with
disabilities are progressing, but just not as fast as their peers because it often takes more time for
them to learn. Researchers are only beginning to take advantage of greater availability of large
scale assessment data, state data systems developed under recent federal initiatives, and more
sophisticated growth analytic techniques now available to provide answers to basic questions
about achievement growth (Rescorla & Rosenthal, 2004).
To address these questions, there are advantages in using datasets that not only include
students with disabilities but students without disabilities in order to understand how the former
differ from their non-disabled peers. This approach is in keeping with the principles of
"inclusion" and "least restrictive alternative" that underlie many policy decisions regarding
students with disabilities, including their participation in current standards-based reforms
(McDonnell, McLaughlin & Morison, 1997). By examining the relative performance and growth
of students across subgroups, NCLB and RTTT policy expectations regarding achievement can
be studied.
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The focus of the present study is on mathematics achievement in elementary school
children. Mathematics proficiency is considered to be an essential requirement to later
achievement and matriculation through the scholastic system. Studies that have examined student
mathematics achievement growth across grades generally agree in their findings. Most studies
have found curvilinear mathematics growth over grades with relatively high growth in the early
grades that progressively decelerates in later grades (Bloom et al., 2008; Carlson et al., 2011;
CTB/ McGraw-Hill, 2003; Ding, Davison, & Petersen, 2005; Harcourt Educational
Measurement, 2002; Lee, 2010; Morgan, Farkas & Wu, 2011; Shin, Davison, Long, Chan, &
Heistad, 2013).
For instance, Lee (2010) used multiple sources of national assessment data, including
long-term trend data from the National Assessment of Educational Progress, the Early Childhood
Longitudinal Study-Kindergarten, and norms from two standardized achievement tests to
examine mathematics growth in the United States over three decades. Lee characterized typical
mathematics achievement growth for United States school children as consisting of an overall
achievement gain of 6 to 7 standard deviations from kindergarten entry to high school exit.
Typical gains were one standard deviation per grade in the primary grades, a half standard
deviation per grade in middle school, and a quarter of a standard deviation per grade in high
school. By examining average annual gains in mathematics achievement from kindergarten to
Grade 12 across six nationally normed tests, Bloom et al. (2008) reached similar conclusions
about the general pattern of decelerating mathematics achievement growth over time.
Although some studies have found slight variations in the general pattern described by
Bloom et al. (2008) and Lee (2010), such as increases in growth from one grade to the next
within an overall deceleration in growth with increasing grade (e.g., Muthen & Koo, 1998;
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Bodovski & Farkas, 2007), the general pattern is largely consistent. Decelerating mathematics
growth has been attributed to a number of factors including the decreasing rate of growth in
children’s cognitive capacity with age, the increasing complexity of mathematics content (Lee,
2010), changes in the structure of the content assessed, and changes in assessments and
instrumentation.
Central to NCLB and RTTT policy is the goal of closing or eliminating the achievement
gap between student subgroups. Evaluation of progress towards this goal is enhanced through the
analysis of growth over time for student subgroups. There is a great deal of variability in study
findings evaluating the achievement gap. On a variety of mathematics and reading assessments
including district, state, and federal tests, a number of studies have found increases in
achievement gaps over time (Abedi et al., 2005; Butler & Castellon-Wellington, 2005; Chang,
Singh, & Filer, 2009; Grimm, 2008; Muthén & Khoo, 1998; Williamson, Appelbaum, &
Epanchin, 1991). Less frequently, studies have reported stable achievement gaps over time
(Anderson, Wilson, & Fielding, 1988; Baker et al., 1984; Jordan, Kaplan, & Hanich, 2002; Juel,
1988; McGee, Williams, Share, Anderson, & Silva, 1986; Scarborough, 1998; Shaywitz et al.,
1995). There are also a number of studies that have reported decreases in the achievement gap,
again across a variety of mathematics and reading assessments including district, state, and
federal tests (Bast & Reitsma, 1997, 1998; Ding, Davison, & Petersen, 2005; Han, 2008;
Galindo, 2010; Leppanen et al., 2004; Parrila et al., 2005; Scarborough & Parker, 2003;
Shaywitz et al., 1995; Tate, 1997). Differences in study findings may be due to a variety of
factors including differences in age or grade, academic content, analytic methodology,
assessment instruments (e.g., content covered, difficulty, floor and ceiling effects, equating
limitations), student groups studied, and inclusion or exclusion of students from study analytic
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samples. While there are differences across studies, in a review of studies of mathematics
achievement, Shin et al. (2013) found that achievement gaps generally tended to increase or
remain stable across grades.
Examination of achievement gap differences has largely focused on subgroups defined by
NCLB: economic disadvantage, language proficiency, race/ethnicity, and special education
status (represented as a dichotomy). There is evidence that economically disadvantaged students
start school behind their more advantaged peers (Clements 2004; Davison, Seok Seo, Davenport,
Butterbaugh, & Davison, 2004; Denton and West 2002; Denton, West, and Walston 2003; Hart
& Risley, 1995; Lee & Burkham, 2002) and these differences persist throughout the school years
(Butler & Castellon-Wellington, 2005; McCoach, O'Connell, Reis, & Levitt, 2006; Molfese,
Modglin, & Molfese, 2003; Wright & Li, 2008). In several studies, gaps in academic
performance between student subgroups have been observed in initial performance and have
been observed to persist across grades (Chatterji 2005; LoGerfo, Nichols, & Reardon 2006;
Morgan, Farkas, & Wu 2007; Princiotta, Flanagan, & Germino-Hausken 2006).
Only a handful of studies, however, have examined student growth and gaps in
achievement for students in specific exceptionality categories. With some exceptions (e.g.,
Carlson et al., 2011; Wei, 2011; Wei,2013), most studies of achievement growth for students
with disabilities have been limited to one or two disability categories, a limited age span, and
relatively small sample sizes. For example, the widely-cited study by Francis, Shaywitz,
Stuebing, Shaywitz, and Fletcher (1996) examined growth in reading for 32 students with
reading disabilities, 37 students with low reading achievement, and 334 non-disabled students,
conducting reading assessments annually for students from age 7 to 17.
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Despite lower scores overall for students with disabilities, there is considerable
heterogeneity in achievement across, as well as within, exceptionality categories. At the
elementary school level, students with speech/language and visual impairments have score
distributions similar to their same-age, non-disabled peers in the area of math calculation. In
contrast, over 80% of students with intellectual disabilities score in the bottom quartile
(Blackorby et al., 2005). In terms of within-category heterogeneity, although students with
learning disabilities score well below the mean in reading comprehension at high school exit, a
significant percentage (10%) score in the top quartile (Wagner, Newman, Cameto, & Levine,
2006). This heterogeneity has led some to suggest that the single category, “students with
disabilities,” is not a meaningful one as the group includes children with cognitive, physical, and
behavioral impairments that can range from mild to severe, with varying impact on schooling
and achievement.
Studies of student growth have also been limited by features of study design or analysis.
Some studies have used too few time points to meaningfully evaluate growth functions. For
example, Scarborough & Parker (2003) used pre-post tests from second through eighth grade to
evaluate growth functions but the use of two waves of data precludes the possibility of actually
evaluating the functional form of growth. Another concern in the design of growth studies is the
amount of student attrition and mobility from one school to another as well as the methods used
to model and estimate growth in the face of missing data. Study results may also be biased if
relevant variables are omitted from analysis. For example, some growth studies do not include
student demographic or background characteristics. Because these variables are often
intercorrelated with student subgroup status variables, estimates may be biased. For example,
Kieffer (2008) examined the extent to which estimates of a subgroup’s achievement growth
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trajectories changed depending on whether additional characteristics of the student, family, or
school were included in analysis.
Another variable of importance in estimation of growth trajectories involves the time at
which model predictors are measured. For example, most longitudinal studies use information on
student special education status defined at the first wave or measurement occasion (Carlson,
2011; Wei, 2012). However, students enter and exit from special education status over time
(Schulte et al., 2012).
The purpose of the present study was to examine mathematics growth for students with
and without disabilities in grades 3 through 5 using multilevel longitudinal models. Another goal
of the study was to provide empirical benchmarks that provide additional contextualization and
interpretation of growth by describing all students' mathematics achievement from year to year
and in comparison to non-SWD and regular education students. A third goal of the study was to
examine school level differences in mathematics achievement and growth and determine whether
achievement was associated with school characteristics.
Methods
Sample
The original data set can be conceptualized as a population in that it represents all
students in North Carolina in the third grade for the first time (i.e., not repeating third grade) that
were present in the state’s large scale achievement database in 2000-01 (N = 103,123; see first
columns of Table 1 labeled Total Sample). To create an analytic sample that was appropriate for
our research questions, we systematically excluded a number of individuals from the population.
Students who did not follow the typical grade level sequence from grades 3 to 7, largely due to
grade retention (N = 8,315; 8.1%) and students who never participated in the large scale
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mathematics test in any of the grades 3-7 (N = 1,207; 0.1%) were excluded from the analytic
sample used to report results below (see second column of Table 1). In addition, we also
excluded students with missing values on predictor variables. Fourteen students were missing an
ethnicity code, three students had no sex code and 888 (1%) students had no value for parental
education and were excluded. We also excluded thirty students coded as “other” ethnicity in
2001 because the state dropped the category in subsequent years. Students in exceptionality
categories with a sample size smaller than 100 (see second column of Table 1) and 255 (< 1%)
students with missing exceptionality codes were excluded. Overall, after exclusions, the analytic
sample represented 89.3 percent of the population of students in the state system data file. It can
be seen in Table 1 that the analytic sample was quite similar to the population in most respects
but, as evaluated by single degree of freedom chi-square tests, the analytic sample was
characterized by significantly fewer students with autism, emotional disturbance, intellectual
disabilities, and hearing impairments. There were no statistically significant differences between
the two samples on any of the other variables listed in Table 1.
We forward matched the cohort of students who were present in the data base in 20002001 in Grade 3 to all succeeding years through Grade 7 (2004-05). By forward matching we
mean that new students entering the system in future years were not added to the cohort (e.g.,
new grade 4 students in 2001-02, new Grade 5 students in 2002-03, etc.). We tracked the cohort
only through 7th grade because the state administered a new edition of the mathematics test in
2005-06 and we wanted to avoid confounding mathematics growth with any changes in
performance due to changes in test edition. We included any student who had at least one
mathematics score during the study period. Of the 92,045 students in the analytic sample, 80.9
percent had mathematics scores in all five years, another 5.1 percent had scores in four years, 4.3
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percent had scores in three years, 3.8 percent had scores in two years, and 6.0 percent had only
one mathematics score during the five-year study period. Achievement data for a student could
be missing in a year because a student moved out of state or to a private school that did not
participate in the testing program, or because the student took an alternate assessment in that
year.
For the school level analyses we used listwise deletion to remove students who did not
attend the same school in all three grades (3-5). Across grades four and five, 33,196 (36.5%) of
students changed schools. Deletion of these cases resulted in an analytic sample of 57,692 cases
for the three-level study.
Measures
For all analyses reported, the outcome measure used was the standardized, second
edition EOG test score in mathematics for each student. The North Carolina EOG Mathematics
Tests are multiple-choice tests designed to measure the goals and objectives of the mathematics
curriculum adopted by the North Carolina State Board of Education for each grade. The
mathematics competency goals and objectives are organized into four strands: (a) number sense,
numeration, and numerical operations; (b) spatial sense, measurement, and geometry; (c)
patterns, relationships, and functions; and (d) data, probability, and statistics (Public Schools of
North Carolina, 1996a; 1996b). The mathematics test is comprised of two sections: Calculator
Inactive and Calculator Active. The Calculator Inactive section is comprised of 28 items that
assess students’ ability to perform mathematical computations without a calculator. The section
has a time limit of 60 minutes for third through fifth grade students. For the Calculator Active
section of the test students are allowed to use calculators, rulers, and protractors. The section is
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comprised of 54 items with a time limit of 135 minutes for third through fifth grade students.
Overall, the EOG mathematics test is comprised of 82 items to be completed in 195 minutes.
Each student’s score on the mathematics test is determined by calculating the number of
items correctly answered. Scores from the North Carolina mathematics tests are reported as
developmental scale scores and proficiency levels.. Raw scores (total number of items correct)
are converted to scale scores using a 3PL IRT model as described by Thissen and Orlando (2001,
pp. 119-130) following procedures described by Williams, Pommerich, and Thissen (1998). The
developmental scale defines means and standard deviations for each grade level ranging from the
Grade 3 through Grade 8. To allow comparisons across years, the state has performed vertical
linking using a common items design in which adjacent grades are forward linked. That is,
approximately 10 items for third grade students also appeared on the fourth grade test and 10
items for fourth grade students were included on the fifth grade test and so forth. IRT equating
methods were then applied to create a linkage of each EOG test to the sequent EOF test in order
to create a common developmental scale that spans all grades.
In previous analyses (PSNC, 2006a), internal consistency reliability estimates (coefficient
alpha) for the EOG-Math Tests ranged from .94 to .96 for grades three through eight. These
estimates were the same when examined separately by gender, ethnicity, disability status, or
Limited English Proficiency status. The standard error of measurement for all students taking the
test ranged from two to six points; the standard error of measurement for 95% of the students
taking the test who score within two standard deviations of the mean was two to three points.
Evidence of both content and criterion-related validity has been gathered for the EOGMath Tests as well (PSNC, 2006a). Evidence of content validity was examined through analyses
of how well items were aligned with the four basic strands that are emphasized in the curriculum.

Mathematics Achievement Growth 13

North Carolina teachers also reviewed the math test items and rated them as having the following
qualities to a “high” or “superior” degree: (a) tapped grade-level curriculum objectives; (b)
reflected the grade-level curriculum taught in their individual school; (c) were clearly and
concisely written; (d) were not biased against students of different races, genders, socioeconomic
statuses, or geographic locations; and (e) had only one answer. Evidence of criterion-related
validity was demonstrated through moderate to strong Pearson correlation coefficients with
associated variables (e.g., assigned achievement level by expected grade, teacher judgment of
achievement by assigned achievement level, teacher judgment of achievement by expected
grade, teacher judgment of achievement by math scale score, and expected grade by math scale
score; PSNC, 2006).
Procedures
North Carolina began its current large-scale assessment and accountability program in
reading and mathematics in 1993. Student- and school-level test data from the program’s
inception to the present, along with demographic and other descriptive information, are housed
for research purposes at the North Carolina Education Research Data Center (NCERDC) at Duke
University. The testing program and procedures used to build the longitudinal dataset used in the
present study are described below.
Test administration. The North Carolina EOG mathematics tests are part of the North
Carolina Department of Public Instruction’s school accountability program and are administered
to students in May of each year, typically in the general education classroom by general
education teachers and proctors. Generally, state testing guidelines require students who are
pursuing the state’s standard course of study to be included in testing, regardless of special
education status. However, there are procedures to exempt students from testing or allow an
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alternate assessment for a variety of reasons, including limited English proficiency or
determination by an IEP team that a student with a disability should not participate in testing
(PSNC, 2007). For the 2000-01 school year, the participation rate for the EOG-Mathematics for
students in the third grade was 98% overall, and 81.6% for students with disabilities. Within the
special education population, the participation rate by disability varied from 0% for students with
severe/profound mental retardation to 91% for students with learning disabilities.
In addition to an exemption from testing or participation in an alternate assessment, ,
students could receive a variety of accommodations during the EOG tests, if use of the
accommodations had been specified in their IEP, Section 504 Plan, or Limited English
Proficiency Plan (PSNC 2006a; 2006b). Available accommodations included extended testing
time, taking the test in a separate setting, having a translator, using an abacus, using a test with
large print, and marking in the test booklet. The most common accommodations provided were:
extended testing time, taking the test in a separate room, having the test read aloud, marking in
the test booklet, and taking the test in multiple sessions.
Determination of special education status. The identification of students as disabled and
in need of special education services occurred at the school level, based on procedures described
in the state’s Policies Governing Services for Children with Disabilities (PSNC, 2007). In the
state testing database, students were classified into 1 of 17 categories in terms of their
exceptionality. Two of these categories were for students who were not receiving special
education services (a) regular education students, not identified as exceptional, and (b)
academically/intellectually gifted. The remaining 15 categories paralleled the disabilities
categories in IDEA, although the terms sometimes varied somewhat from the IDEA designations
(e.g., “Behaviorally-Emotionally Handicapped” for IDEA’s “Emotional Disturbance”) and some
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IDEA categories were split (e.g., there were three state designations for mental retardation
corresponding to degree of intellectual impairment).
Longitudinal database construction. The study dataset was constructed from multiple
annual student electronic files available from the NCERDC. At each school, there is one EOG
record for each student who was a member of that school at the time of test, even if the student
was absent or exempt from testing. Also, included in the EOG record is student demographic
information, which testing accommodations were used during that year’s assessment, and
disability classification, all coded by school personnel at the time of testing. NCERDC compiles
these EOG records by grade and year, standardizes district and school codes, conducts internal
consistency and validity checks on the files, and assigns a unique identifier for each student that
can be used to match student records across years.
To create the longitudinal records, we conducted additional data quality checks on the
EOG files for the years 2001 to 2005, and then used a set of second annual files providing test
scores, student demographic and attendance information to resolve discrepancies found in the
testing records (e.g., two different test score records with the same student identification number
in the EOG file). We then merged annual files by student identification number to create the
longitudinal dataset.
Analytic Methods
We used several analyses to describe and estimate the growth in mathematics
achievement of students with and without disabilities. First we applied descriptive methods to
report mean growth for all students by exceptionality category. We then modeled student growth
using multilevel, longitudinal analyses (Raudenbush & Bryk, 2002). Because the measurement
occasions studied (EOG test in grades 3-5) were equally spaced, we centered time at the first
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occasion (grade 3) and used integer values for subsequent time points to indicate their relative
distance from the first time point. Thus a student with measurements at all time points would
have a time value coded as 0, 1, 2 corresponding to scores in grades 3, 4, and 5. Because the
multilevel modeling approach to longitudinal analysis does not require data to be balanced
within subjects (Raudenbush & Bryk, 2002), we included data from any available time point for
a student even when data from other time points were missing.
In the two-level multilevel analyses, we first applied unconditional growth models. The
next model step applied conditional multilevel growth models to examine model results for each
student exceptionality category. The last step in our analyses was to add student characteristics
and demographic variables as predictors of mathematics achievement. All multilevel analyses
were conducted using HLM 7.0 (Raudenbush et al., 2011), full maximum likelihood estimation,
and specification of model parameters as random effects. The conditional models included a
level-1 model that specified student mathematics scores predicted by time of measurement and a
level-2 model composed of the prediction of level-1 model parameters as a function of student
exceptionality categories and demographic characteristics. The initial level-1 model can be
described as follows:
(Yti) = π0i + π1i(time) + eti

(1)

where Y is the mathematics scale score for student i at time t and π0i is the initial status or
intercept for student i at time 0, π1i is the initial linear rate of change, and eti is the residual for
each student.
At level 2, the level-1 parameters were modeled using student level predictors. We left all
dichotomous predictors uncentered. However, we grand-mean centered the parental education
variable that had multiple categories. With this approach, coefficients can be interpreted for
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dichotomous predictors as the effect for the group coded one and for the continuous predictor
(parental education) as the effect for a student with the mean value of the predictor. The level-2
equations (for the study’s full set of predictors) for the mathematics initial status and growth rate
parameters are as follows:
Initial Status, π0i = β00 +∑ β0k (Predictori) + r0i

(2)

Rate of Change, π1i = β10 + ∑ β1k (Predictori) + r1i

(3)

where π0i represents each student’s grade 3 mathematics score, β00 is the grand mean average
mathematics score at grade 3 for all students, each β0k represents the grand mean average partial
regression coefficient relating the predictor of interest to students initial status, and r0i is the
residual between the fitted predictor value for each student and the student's observed
mathematics score. Each individual’s initial rate of change, π1i, was modeled as a function of the
grand mean average mathematics initial rate of change for all students, β10. Each β1k represents
the grand mean average partial regression coefficient relating the predictor of interest to
student’s initial rate of change, and r1i is the residual between the fitted predictor value for each
student’s initial rate of change and the observed initial rate of change.
Another goal of our analyses was to provide empirical benchmarks (Bloom et al., 2008)
of achievement scores as a contextual aid in interpreting students’ mathematics growth. We used
two methods to provide interpretive benchmarks: (a) year to year growth effect sizes, and (b)
achievement gap effect sizes. We estimated effect sizes (ES) for regular education students and
students from each exceptionality category by examining the mean difference from one year to
the next in ratio to the pooled standard deviation for the two years. To estimate achievement
gaps, we compared the mean mathematics performance in each year for students in a particular
exceptionality category to the mean mathematics performance of regular education students or to
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all non-SWD students (i.e., regular education and academically/intellectually gifted students
combined). This mean difference was divided by the standard deviation of the scores for all
students in that grade.
In order to estimate school level differences in mathematics performance we also applied
three-level longitudinal models. The first two levels of the three-level models (time and students)
were exactly as presented above in equations 1-3. A notable difference in the three level models
was that all level two predictors other than the intercept and slope were treated as fixed effects.
This specification was used to ease model estimation and because our interest in the three-level
models was only in the differences in school average intercepts and school average slopes. Six
school characteristics (proportion regular education students, proportion white students, average
parental education in the school, proportion limited English proficient students, and school size)
were used as predictors of level two school intercepts and slopes.
Results
The analytic sample was used to describe growth trajectories for each student group,
estimate growth trajectories using multilevel methods, and create empirical benchmarks to
further characterize mathematics growth by student group. We report results separately for
regular education students and students identified as Academically/Intellectually Gifted students.
However, because these two groups are not distinguished from each other in many accountability
applications, we also provide information below in which these two groups are combined and
described as Non-SWD students.
Average Observed Growth by Exceptionality Category
Table 2 shows means and standard deviations of mathematics scale scores by grade for
all students, all non-SWD students, regular education students, Academically Gifted students,
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and students in each exceptionality category that had a sample size greater than 100 in 2000-01.
It can be seen in Table 2 or Figure 1 that most average trajectories are curvilinear in form, with
decelerating growth across grades. As would be expected, the Academically Gifted group of
students had the highest trajectory at initial status in grade 3 and showed a somewhat higher
slope than other student groups. In terms of level of performance, the order of growth trajectories
from highest to lowest performing were the regular education, Speech-Language Impairment,
Hearing Impairment, Autism, Specific Learning Disabled, Other Health Impairment,
Emotionally Disturbed, and Intellectual Disability. While there was some crossing of growth
trajectories in the middle of the distribution, generally there was some differentiation between
subgroups of students in initial status. All students groups demonstrated growth over time
although there are some differences apparent in rate of change and rate of curvature for some
groups. These observations are tested further using the statistical models described in the next
section.
Two-Level Growth Models
The first model applied was a fully unconditional random effects model that only
estimated grand means and variance components. We then applied a two-level longitudinal
models that represented student mathematic scores as a linear function of time (see first columns
of Table 2). On average, across all students, the estimated mean mathematics scale score in
grade 3 was 251.08. The average initial rate of change was a statistically significant growth rate
of 6.92 scale score points per grade (z = 520.02, SE = 0.01, p < .001). Inspection of the variance
components for each model parameter (intercept, initial rate of change, curvature) in this model
and also in the following two models showed that there was significant variation in parameters
across students for all three random effect model parameters (p < .001).
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We next applied two conditional models that added predictors to the quadratic model. In
the first model we added dummy coded predictors that reflected students' exceptionality
category. Multilevel model results for the exceptionality predictors are shown in the middle
section of Table 2. It can be seen in Table 2 that all differences in intercept or initial status in
grade 3 between regular education students (i.e., the group coded zero on all vectors),
Academically Gifted students, and students in all exceptionality categories were statistically
significant (p < .001). While Academically Gifted students scored about 10 scale score points
higher in grade 3 than regular education students, all of the exceptionality students had
significantly lower initial mathematics performance in Grade 3. Students with an Intellectual
Disability showed the largest differences in initial status, on average 14 scale score points lower
than regular education students. The group showing the smallest contrast with regular education
students in Grade 3 was students with a Speech-language Impairment who scored an average of
1.45 scale score points lower.
Three exceptionality groups, students with a Behaviorally Handicapped, students with a
Hearing Impairment and students with a Speech-language Impairment did not differ significantly
in initial rate of change in contrast to the regular education students. The remaining comparisons
between student groups all showed statistically significant (p < .001) lower initial rates of growth
in contrast to the regular education students. The smallest difference was observed for the
Academically gifted students but annual decreases in initial growth rate of from .86 to 1.69 scale
score points were observed for the remaining exceptionality groups.
We then expanded the multilevel growth model by adding an additional set of predictors
representing student demographic and background characteristics. As can be seen in the rightmost columns of Table 2, all predictors were significantly related to students' initial achievement
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level in grade 3. The estimated grand mean initial status or intercept (252.63) now represents the
average mathematics achievement in grade three for white male students, who are not limitedEnglish proficient or receiving free lunch with an average parental education. While the
magnitude of several parameter estimates vary slightly, hypothesis testing results for the grand
mean of parameters and for specific exceptionality category contrasts are very similar to those
for the previous model with three exceptions: the initial rate of change for students with Autism
was no longer statistically significant and the initial rate of change for students with a Speechlanguage Impairment were now statistically significant in this model when they had been
nonsignificant in the previous model.
Examination of results for the new predictors showed that females (-0.44), limited
English proficient students (-2.69), free lunch recipients (-1.25), Black students (-4.13), Hispanic
students (-0.94), and American Indian students (-1.85) all had significantly lower initial
mathematics performance in Grade 3. Results for rate of change showed that all predictors
except sex and limited English proficiency showed statistically significant differences in rate of
change in comparison to the reference group. Students with higher levels of parental education
(0.05), who were Asian (1.28), Black (0.22), or Hispanic (0.93) showed larger rates of change.
Students who were free lunch recipients (-0.19) or American Indians (-1.46) showed lesser rates
of change.
Empirical Growth Benchmarks
To provide additional context for interpretation of differences in student growth we
examined two representations of student group differences: (a) change in mathematics growth
from year to year expressed as an effect size, and (b) achievement gap effect size between
student exceptionality groups and either non-SWD students or regular education students.
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Mathematics growth effect sizes. Table 4 shows year-to-year growth expressed as an
effect size for all non-SWD students, regular education students, Academically Gifted students,
and students in each exceptionality category. As can be seen in the first column of Table 4,
student growth from grade 3 to grade 4 is substantial for all student groups, ranging from 0.72
for the Other Health Impaired group to 1.19 for the Intellectual Disability group. Inspection of
the grade transition effect sizes from grades 3-4 to grades 4-5 showed that these effect sizes
diminished for all student groups across grades.
Achievement gap effect sizes. Another representation of mathematics achievement for
student groups can be obtained by inspecting the relative growth of one student group in
comparison to another. Table 5 shows effect size comparisons of students by exceptionality
group in comparison to Non-SWD students in the upper portion of the table and in comparison to
regular education students in the lower portion of the table. In comparison to Non-SWD students,
the student exceptionality group mathematics scores were lower by from .30 to almost two
standard deviations in grade three. Inspecting achievement gap differences over time, it can be
seen that in general, although there is some variation from grade to grade, achievement gap
differences remain relatively stable or increase from grade 3 to grade 5. As shown in the lower
portion of Table 5, when examined separately, Academically Gifted students perform
approximately one and a quarter standard deviations higher than regular education students over
grades 3-5. Achievement gap effects sizes for students in specific exceptionality categories are
somewhat smaller than the comparisons in the upper portion of the table for all non-SWD
students but generally show the same pattern of differences by group and over time.
School Level Results

Mathematics Achievement Growth 23

Another goal of the present study was to examine mathematics achievement aggregated
to the school level. As described earlier, these analyses were performed on a reduced sample that
had stable enrollment at the same elementary school in Grades 3-5. The same unconditional and
conditional HLM models reported above were analyzed while adding a third level of analysis
representing school membership. For brevity, we only report here the final results of the fully
conditional three-level model (see Table 6). As can be seen in the table, all student level
predictors of mathematics intercept were statistically significant except the contrast between
Asian and white students. At the school level, school average intercept was significantly
associated only with parental education with an increase of .06 scale score points with each
additional level of parental education over the grand mean. At the student level, limited English
proficient students, females, students with an Emotional Disturbance, students with a Hearing
Impairment, students with a Speech or Language Impairment, Black students, and American
Indian students did not differ significantly from the grand mean slope. Higher levels of parental
education, Academically gifted students, and Hispanics all showed significantly higher slopes.
Students receiving a free or reduced price lunch, students with an Intellectual Disability, students
with an Other Health Impairment, and students with a Specific Learning Disability all showed
significantly lesser slopes than the grand mean. At the school level, only one school
characteristic was significantly associated with school slope; larger schools were associated with
lesser average growth rates. Figure 2 shows estimated mathematics achievement growth as a
function of regular vs. special education status and at the 25th and 75th percentiles of parental
education. Figure 3 shows estimated mathematics achievement growth as a function of
proportion of free lunch students and school size.
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We also examined the relationship between school average intercept and school average
slope. Figure 4 shows estimated school intercept plotted against estimated school slope with
schools coded as low or high proportion students with disabilities. The reference lines in the
figure indicate median intercept and slope. It can be seen in the figure that, although the
relationship between intercept and slope at the student level is strongly positive in correlation
(i.e., a Matthew effect), at the school level average intercepts and average slopes are negatively
correlated (r = -0.29).
In previous research (e.g., Stevens, 2005) we have argued that evidence for the adequacy
and validity of accountability models can be garnered through a process of pattern matching
(Shadish, Cook, & Campbell, 2002) that examines the correlation of school performance
estimates (in the present study intercept and slope) with confounding factors that can undermine
the adequacy of an estimate of school effects. We examined the magnitude of correlations with
six predictors that are possible confounding factors in the estimation of school effects: proportion
Regular Education students, proportion White students, proportion free lunch students,
proportion limited English students, level of parental education, and school size. Table 7 shows
the correlation of school intercepts and slopes with these school characteristics. As can be seen in
the table, the relationship between school intercept is substantially larger in almost all cases than
for school slope.
Discussion
The present study examined mathematics achievement growth for regular education
students, academically gifted students, and students in seven specific exceptionality categories.
The study examined a large and inclusive statewide database used for operational accountability
reporting and decision-making.
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Major Findings
Students in all exceptionality categories showed statistically significant growth in
mathematics achievement over the studied grades. There was also statistically significant
variability by student subgroup in mathematics achievement both at the initial assessment in
grade three and in rates of growth over time. These general results are quite consistent with other
published studies. There is evidence that there are gaps in achievement when students enter
school, at the time of first assessment on state mandated accountability tests, and in rates of
growth. In the present study, the highest performing student groups were Academically Gifted
students followed by regular education students. The lowest performing student group was
students with Intellectual Disabilities.
Findings in Relation to Previous Research
These results are generally consistent with other recent studies of mathematics
achievement growth (Bloom et al., 2008; Francis et al., 1996; Morgan et al., 2009; Morgan et
al., 2011; Shin et al., 2013; Wei et al. 2011; 2012) which all reported curvilinear growth
functions with decelerating growth over age or grade. In the present study, given three waves of
measurement, we could only apply linear growth models. However, when additional waves are
available, decisions on functional form should be made based on purpose of analysis and study.
Linear models are more parsimonious but may under-represent the complexity of change for
certain groups, assessments, or ranges of measurement and occasions/grades spanned.
As in a number of previous studies, we found statistically significant differences in
mathematics performance as a function of student background characteristics including
race/ethnicity, parental education, free lunch status, and language proficiency. It is also
noteworthy that the magnitude of some coefficients for specific exceptionality categories
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changes when other student background characteristics are taken into account. This underscores
the importance of including a variety of student descriptors in analyses to disentangle effects
among variables (Kieffer, 2008). One of the predictors more strongly and consistently related to
outcomes, parental education, confirmed previous findings that parent education level is
significantly related to student achievement (Holman, 1995; Phillips et al., 2002).
Another important feature of the present study was the provision of additional benchmark
information for interpreting growth results as recommended by Bloom et al. (2008). Common
and often unanswered questions in evaluating student changes in proficiency include: "How
much growth was there?," "How does growth for different students or groups compare?," and
"Are gaps between student groups decreasing." Our results show that the amount of mathematics
growth expressed as an effect size decelerates from the earlier grades into middle school for all
student groups studied. These results are consistent with many other studies (e.g., Shin et al.,
2013) although there is no clear understanding of why this decrease occurs. Some have proposed
that the decrease occurs as mathematical content becomes more difficult, more elaborated, and
branches into more distinct and complex areas of mathematics (e.g., algebra, geometry, etc.;
Carraher & Schliemann, 2007; Kieran, 2007; Shinn et al., 2013). Another possibility is that later
learning is hampered by incomplete learning and mastery in earlier grades, essentially
compounding content difficulty as time passes. A third possibility is that changes in student
motivation, academic self-concept, and beliefs in the worth and utility of mathematics may
decrease over time. Another possibility less often cited is that the nature of instruction,
assessment, or the interaction of the two results in instruments that are less sensitive to student
achievement occurring in later grades.
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The laudable goal of closing the gap between SWD and Non-SWD students is an
important policy target. However, the policy may not fully embrace empirical evidence about
student growth. In order for those who are "behind" to catch up with other students it is
necessary that they not only make academic progress but that they make progress at faster, more
accelerated growth rates that their higher performing, and often more advantaged peers. Results
presented here show that in fact, SWD generally are not closing the achievement gap relative to
regular education students or to all Non-SWD students. As noted elsewhere (Morgan, 2011) this
raises important questions about how much growth should be expected for these students as well
as what reasonable expectations are for "proficiency" for these students and for narrowing the
achievement gap.
In another study of achievement growth for students with disabilities, Zvoch and Stevens
(2005) found that students in special populations demonstrated achievement growth at a rate that
was indistinguishable from their counterparts in the data submitted for accountability reporting.
However, data from a more inclusive student cohort revealed that ethnic minority, impoverished,
and special education students grew at a slower rate than their peers. Thus, whereas in one
student sample it appeared as though schools were under-serving special student populations
(i.e., achievement gaps widened over time), in the other it appeared as though traditionally
disadvantaged students kept pace with their more advantaged peers. This study highlights the
importance of carefully attending to missing data in assessing growth of students with
disabilities.
More recently, Schulte (2010) extended her initial investigations of achievement
outcomes and growth for students in special education in a single district by using multiple years
of extant state-level longitudinal data from NC's testing program. These analyses confirmed that
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SWDs differ markedly from non-identified students in terms of achievement level, but less so in
terms of growth, and that the high rate of exits and entrances from special education during the
elementary school years distorts the size of the achievement gap when data are reported crosssectionally rather than longitudinally.
Expectations for growth cannot rest solely on policy intent but must also be
contextualized by empirical findings that describe the growth that occurs for students as a
function of their exceptionality and background. We believe the results presented here provide
rich additional context for characterizing and interpreting student growth for SWD and NonSWD students through the use of effect size and normative interpretations of student growth.
Empirical information about growth like that presented here can be used to guide instructional
decision-making and policy formation. It is not only important to express how much growth we
would like to see from a pedagogical or policy perspective but also how much growth typically
occurs and how that growth is conditioned on student exceptionality, characteristics, and
background. Richer contextualization of empirical growth results can provide an important
foundation to temper decisions about how much growth typically occurs and what can be
realistically expected for future growth. Expectations for growth must also consider what
additional resources may be needed to close achievement gaps and whether we must recognize
different expectations for students with different exceptionalities and needs.
Limitations
A number of limitations in the present study should be noted and considered. First, we
were unable to adequately represent and model a number of exceptionality categories because
the sample sizes were too small. We also excluded a number of students from analytic samples
due to missing data, grade retention or advancement and school mobility. The present study also
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only includes those students that took the North Carolina EOG test and does not address those
who took the North Carolina alternate assessment. As a result, the findings reported here may not
fully generalize to student groups other than those studied.
We also know that the method used here to identify special education status and student
exceptionality, while convenient is flawed. Student classifications change from grade to grade
and student exits and entrances into special education are correlated with achievement. This
results in biased cross-sectional or longitudinal reports of performance gains and losses (Schulte,
2010; Ysseldyke & Bielinski, 2002). In addition, SWDs are more likely to be retained in grade
and/or perform at the bottom of grade-level score distributions. Both retention (because of a
lowered standard relative to promoted peers) and low scores (because of measurement error and
regression toward the mean) increase the chances of invalid inferences about the improvement of
this subgroup of students when scores are compared across years. In ongoing research (including
another paper in this session) we are exploring the patterns of change in student classification as
well as alternative methods for representing student exceptionality in longitudinal models.
Another substantial weakness in the present study is the listwise deletion of students
whose school enrollment changed during the years studied. Research has shown that listwise
deletion in longitudinal models likely introduces significant bias in estimates of student and
school performance (Lockwood et al., 2005; Zvoch & Stevens, 2005). While not applied in the
present study we are now working on a study with the North Carolina data that compares results
depending on whether listwise deletion, cross-classified HLM, or HLM multiple membership
models are employed.
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Table 1
Student Characteristics by Sample at Wave 1

Total
Characteristic

N

Analysis Sample
%

N

%

Student Group:
Non-SWD

88,393

85.7

81,179

88.2

Regular Education

81,478

79.0

74,333

80.8

6,951

6.7

6,846

7.4

Autism

332

0.3

141

0.2 *

Emotional Disturbance

829

0.8

634

0.7 *

0.2

1,244

1.4 *
0.1 *

Academically Gifted

Intellectual Disability

2,017

Hearing Impairment

170

0.2

131

Multiple Disability

100

0.1

--

80

0.1

--

Other Health Impairment

1,502

1.5

1,171

1.3

Specific Learning Disability

6,377

6.2

5,221

5.7

Speech-language Impairment

2,660

2.6

2,324

2.5

Orthopedic Impairment

Traumatic Brain Injury

29 < 0.1

--

Visual Impairment

59 < 0.1

--

Unidentified
Demographic Characteristic:

314

0.3

--
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Female

50,463 48.9

46,364 50.4

American Indian

1,549

1.9

1,353

1.5

Asian

1,958

1.9

1,791

1.9

Black

31,190 30.2

26,096 28.4

Hispanic

5,555

5.4

4,555

4.9

Multi-racial

1,818

1.8

1,639

1.8

White
Unidentified

61,005 59.2
17 < 0.1

56,611 61.5
--

Limited English

3,553

3.4

2,724

3.0

Title I Student

4,661

4.5

3,827

4.2

40,189 39.1

37,266

40.5

< High School

12,158 11.8

9,532

10.4

High School

47,247 45.8

41,756

45.4

4.0

3,848

4.2

Community College Graduate

13,368 13.0

12,599

13.7

Trade/Business School Graduate

20,771 20.1

20,179

21.9

4,131

4.5

Free/Reduced Lunch
Parental Education:

High School +

4,148

College Graduate

4,225

Total Sample Size

103,123

4.1

92,045

* Difference between samples is statistically significant, p < 0.05.
Note. Non-SWD group is composed of the combination of Regular Education
and Academically Gifted students.
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Table 2
Mathematics Scale Score Means and Standard Deviations by Student Group (N = 92,045)

Grade
Student Group

3

4

5

All Students

251.44
(7.50)

257.39
(8.21)

263.22
(8.68)

Non-SWD

251.99
(7.31)

257.95
(8.07)

263.98
(8.33)

Regular Education

251.17
(6.91)

257.04
(7.61)

263.06
(7.91)

Academically Gifted

260.80
(5.55)

267.64
(6.30)

273.76
(6.12)

Autism

246.30
(7.76)

252.39
(8.61)

256.43
(10.59)

Emotional Disturbance

243.98
(7.06)

249.91
(7.13)

254.19
(8.59)

Intellectual Disability

237.56
(4.79)

243.25
(4.77)

246.68
(5.26)

Hearing Impairment

247.79

253.28

259.65
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(7.10)

(7.46)

(8.27)

Other Health Impairment

246.27
(7.00)

251.49
(7.50)

255.79
(8.27)

Specific Learning Disability

247.03
(6.80)

252.23
(7.08)

257.22
(8.07)

Speech-language Impairment

249.74
(7.46)

255.85
(8.16)

261.80
(8.80)

Note. Non-SWD group is composed of the combination of Regular Education
and Academically Gifted students.
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Table 3
Two-level Longitudinal HLM Regression Models, Grades 3-5

Predictor
Grand Mean

Unconditional

Specific Exceptionality

Intercept Linear

Intercept Linear

251.28
5.89
(0.03) (0.01)

251.09
5.92
(0.03) (0.01)

Exceptionality & Demographics
Intercept Linear
253.27
5.98
(0.04) (0.02)

Academically Gifted

9.82
(0.07)

0.59
(0.03)

6.89
0.32
(0.07) (0.03)

Autism

-5.86
(0.70)

-0.66
(0.31)

-7.84 -0.72
(0.65) (0.31)

Emotional Disturbance

-7.54
(0.29)

-0.67
(0.15)

-5.18 -0.42
(0.27) (0.15)

Intellectual Disability

-13.77
(0.18)

-1.41
(0.10)

-10.48 -1.08
(0.19) (0.10)

Hearing Impairment

-3.52
(0.61)

-0.02†
(0.23)

-3.98
(0.52)

-0.02†
(0.23)

Other Health Impairment

-5.20
(0.21)

-1.10
(0.09)

-5.52
(0.19)

-1.04
(0.09)

Specific Learning Disability

-4.40
(0.10)

-0.80
(0.04)

-4.12
(0.09)

-0.71
(0.04)
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Speech-language Impairment

-1.41
(0.16)

0.05†
(0.05)

Sex

-1.77
0.09†
(0.13) (0.05)
-0.43
0.03†
(0.04) (0.02)

Limited English

-2.66
(0.16)

-0.10†
(0.07)

Parental Education

1.23
(0.02)

0.14
(0.01)

Free Lunch

-1.24
(0.05)

-0.23
(0.02)

Asian

0.24† 1.11
(0.16) (0.07)

Black

-4.09 -0.03†
(0.05) (0.02)

Hispanic

-0.91
0.63
(0.12) (0.05)

American Indian

-1.89 -1.01
(0.17) (0.08)

Model df
Δ Deviance
χ2 (df, p-value)

91,567
---

91,559
22079.04
(16, < 0.001)

† Not statistically significant, p > .05. Note. Standard errors shown in parentheses.

91,551
26,910.77
(16, < 0.001)
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Table 4
Mathematics Growth Effect Size Over Time by Student Group

Grade Transition
Student Group

3-4

4-5

Non-SWD

0.78

0.74

Regular Education

0.81

0.78

Academically Gifted

1.15

0.99

Autism

0.75

0.42

Emotional Disturbance

0.84

0.54

Intellectual Disability

1.19

0.67

Hearing Impairment

0.75

0.81

Other Health Impairment

0.72

0.54

Specific Learning Disability

0.75

0.66

Speech Language Impairment

0.78

0.70

Note. Non-SWD group is composed of the combination of Regular Education
and Academically Gifted students.
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Table 5
Mathematics Achievement Gap Effect Size by Exceptionality Category in Comparison to All
Non-SWD students and to Regular Education Students
Grade
Student Group

3

4

5

Autism

-0.76

-0.68

-0.87

Emotional Disturbance

-1.07

-.98

-1.13

Intellectual Disability

-1.93

-1.79

-1.99

Hearing Impairment

-0.56

-0.57

-0.50

Other Health Impairment

-0.76

-0.79

-0.94

Specific Learning Disability

-0.66

-0.70

-0.78

Speech Language Impairment

-0.30

-0.26

-0.25

Academically Gifted

+1.28

+1.29 +1.23

Autism

-0.65

-0.57

-0.76

Emotional Disturbance

-0.96

-0.87

-1.02

Intellectual Disability

-1.82

-1.68

-1.89

Hearing Impairment

-0.45

-0.46

-0.39

Other Health Impairment

-0.65

-0.68

-0.84

Specific Learning Disability

-0.55

-0.59

-0.67

Speech Language Impairment

-0.19

-0.14

-0.15

vs. Non-SWD Students:

vs. Regular Education Students:
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Table 6
Three-level Longitudinal HLM Regression Model, Grades 3-5
Fixed Effect

Coefficient

Intercept, γ000

253.44

SE

t

df

p

0.076 3313.65

1110

<0.001

School Level Predictors
Regular Education, γ001

3.30

0.507

6.51

1110

<0.001

White, γ002

0.70

0.357

1.95

1110

0.051

Free Lunch, γ003

-0.30

0.560

-0.54

1110

0.591

Parental Education, γ004

0.64

0.127

5.015

1110

<0.001

Limited English, γ005

1.35

1.028

1.311

1110

0.190

School Size, γ006

0.01

0.002

0.384

1110

0.701

Limited English, γ010

-2.93

0.230

-12.771 55198 <0.001

Parental Education, γ020

1.09

0.024

44.557 55198 <0.001

Sex, γ030

-0.49

0.052

-9.515 55198 <0.001

Free Lunch, γ040

-1.15

0.071

-16.187 55198 <0.001

Academically Gifted, γ050

7.27

0.102

71.550 55198 <0.001

Emotional Disturbance, γ060

-4.61

0.484

-9.527 55198 <0.001

Hearing Impairment, γ070

-3.88

0.679

-5.714 55198 <0.001

Intellectual Disability, γ080

-10.73

0.329

-32.622 55198 <0.001

Other Health Impairment, γ090

-5.90

0.255

-23.166 55198 <0.001

Speech or Language Impairment, γ0100

-1.58

0.176

-8.937 55198 <0.001

Student Level Predictors
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Specific Learning Disability, γ0110

-4.26

0.128 -33.258

55198 <0.001

Autism, γ0120

-7.80

0.795

-9.814

55198 <0.001

Asian, γ0130

0.30

0.194

1.532

55198

Black, γ0140

-3.76

0.081 -46.538

55198 <0.001

Hispanic, γ0150

-0.73

0.170

-4.283

55198 <0.001

American Indian, γ0160

-1.33

0.321

-4.158

55198 <0.001

6.04

0.033 183.488

1110 <0.001

Regular Education, γ101

-0.38

0.258

-1.306

1110

0.192

White, γ102

-0.13

0.166

-0.789

1110

0.430

Free Lunch, γ103

-0.52

0.256

-2.029

1110

0.043

Parental Education, γ104

0.01

0.055

0.101

1110

0.919

Limited English, γ105

0.63

0.602

1.041

1110

0.298

School Size, γ106

-0.01

0.001

-2.558

1110

0.011

Limited English, γ110

-0.02

0.084

-0.185

55198

0.853

Parental Education, γ120

0.12

0.008

15.154

55198 <0.001

Sex, γ130

0.02

0.019

0.872

55198

Free Lunch, γ140

-0.14

0.027

-5.006

55198 <0.001

Academically Gifted, γ150

0.25

0.043

5.845

55198 <0.001

Emotional Disturbance, γ160

-0.16

0.218

-0.726

55198

0.468

Hearing Impairment, γ170

-0.12

0.285

-0.413

55198

0.680

Linear Slope, γ100

0.125

School Level Predictors

Student Level Predictors

0.383
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Intellectual Disability, γ180

-0.98

0.149

-6.569

55198 <0.001

Other Health Impairment, γ190

-0.99

0.111

-8.885

55198 <0.001

Speech or Language Impairment, γ1100

0.05

0.061

0.848

55198

Specific Learning Disability, γ1110

-0.66

0.051 -13.013

55198 <0.001

Autism, γ1120

-0.72

0.359

-2.012

55198

Asian, γ1130

0.94

0.075

12.632

55198 <0.001

Black, γ1140

0.01

0.030

0.241

55198

Hispanic, γ1150

0.56

0.060

9.429

55198 <0.001

American Indian, γ1160

-0.25

0.131

-1.890

55198

0.396

0.044

0.810

0.059
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Table 7
Correlation of School Level Characteristics with Estimated School Mathematics Intercept and
Slope

Proportion Regular
Education

School Intercept School Slope
-.155**
-.081**

.236**

.068*

-.310**

-.119**

.309**

.091**

-.003

.012

.172**

-.024

Proportion White Students
Proportion Free Lunch
Students
Parental Education
Proportion Limited English
Students

School Size
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Figure Captions

Figure 1. Mean mathematics achievement by grade and exceptionality category.
Figure 2. School level estimated mathematics achievement trajectories by proportion of regular
education students and level of parental education.
Figure 3. School level estimated mathematics achievement trajectories by proportion of free
lunch students and school size.
Figure 4. Scatterplot of school average intercepts and slopes by proportion of regular education
students.
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Figure 1
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Figure 2
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Figure 3
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Figure 4

