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a b s t r a c t
This study estimated mathematics achievement growth trajectories in a statewide sample of
92,045 students with and without disabilities over Grades 3 to 7. Students with disabilities
(SWDs) were identiﬁed in seven exceptionality categories. Students without disabilities
(SWoDs) were categorized as General Education (GE) or Academically/Intellectually Gifted
(AIG). Students in all groups showed signiﬁcant growth that decelerated over grades as well as
signiﬁcant variability in achievement by student group, both at the initial assessment in Grade 3
and in rates of growth over time. Race/ethnicity, gender, parental education, free/reduced lunch
status, and English language proﬁciency were also signiﬁcant predictors of achievement. Effect
size estimates showed substantial year-to-year growth that decreased over grades. Sizeable
achievement gaps that were relatively stable over grades were observed between SWoDs and
students in speciﬁc exceptionality categories. Our study also demonstrated the importance of
statistically controlling for variation related to student demographic characteristics. Additional
research is needed that expands on these results with the same and additional exceptionality groups.
© 2014 Society for the Study of School Psychology. Published by Elsevier Ltd. All rights reserved.

1. Introduction
Foundational skills in mathematics are essential for the development of proﬁciencies that lead to later achievement and success in
school and career (National Early Literacy Panel, 2008), and are a key focus in national efforts to reform education in the United States.
However, recent reports of state test score trends have indicated that although students with disabilities (SWDs), have participated in
their state assessments in mathematics, the majority of SWDs' performances have not met state proﬁciency standards (Center on
Education Policy, 2009; Thurlow, Altman, Cormier, & Moen, 2008). The purpose of this study was to examine mathematics achievement growth in school children, especially those with disabilities, as a context for understanding the mathematics achievement gap
and the implications for policies targeted at closing the achievement gap between students with and without disabilities.
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1.1. The No Child Left Behind Act
The No Child Left Behind Act (NCLB, 2002) represented a fundamental change in educational accountability practices in the United
States. It involved the federal government more deeply in state educational practices and created more formal expectations for
educational achievement. States were mandated to establish high reading and mathematics proﬁciency standards at each grade
and to evaluate whether students met those standards by conducting annual testing of all students in Grades 3 to 8. Another signature
feature of NCLB was its emphasis on the progress of all students, with an explicit goal of closing achievement gaps by 2014 between
student groups historically at risk for low achievement relative to the general student population. Progress toward this long-term goal
was to be examined yearly through the establishment of adequate yearly progress (AYP) targets stated in terms of the percent of
students reaching grade-level proﬁciency in each grade in mathematics and reading.
Along with the federal emphasis on the progress of all students and closing achievement gaps, NCLB required states to examine
AYP by evaluating both the performance of all students relative to the grade-level proﬁciency standards, and the performance of
disaggregated student groups. These disaggregated groups included student race/ethnicity; students living in poverty as indicated
by receipt of free or reduced price lunch at school; and students with disabilities. Of the disaggregated groups, the group that has
typically displayed the largest achievement gap relative to the general student population has been students with disabilities
(SWD). Achievement of SWDs has been a concern for decades (Carlberg & Kavale, 1980; McDonnell, McLaughlin, & Morison,
1997), and currently many states report that over 70% of SWDs perform below proﬁciency on annual statewide reading and mathematics tests (Center on Education Policy, 2009). Further evidence of the particular difﬁculties for this group is provided in a study by
Eckes and Swando (2009), who found that the most frequent reason for schools' AYP failure was the performance of the SWD group.
Although NCLB (2002) mandates that states establish high and uniform standards for proﬁciency in mathematics at each grade,
there is not a strong empirical basis on which states can draw to establish these proﬁciency standards or for the expectation that
all students will meet them. Knowledge about early development of mathematics skills and abilities is limited (Carlson, Jenkins,
Bitterman, & Keller, 2011), with even less information available about the developmental trajectories of mathematics achievement,
especially for disaggregated groups including SWDs. This lack of information about developmental trajectories is important because
one implication of the establishment of uniform proﬁciency standards for all students is that groups who start signiﬁcantly lower in
achievement in Grade 3 must attain greater rates of growth to meet grade-level expectations for proﬁciency.
Adding to the importance of a better understanding of developmental trajectories and the extent of achievement gaps observed at
each grade are recent changes to NCLB. The Race To The Top (RTTT) legislation (U.S. Department of Education, 2009) introduced greater ﬂexibility in NCLB requirements for state accountability, including the use of growth models to examine not only current year performance of students but also the degree to which student achievement is progressing toward expectations (Manna & Ryan, 2011).
However, we know little about trends in growth for SWDs as a whole or for students in speciﬁc exceptionality groups (Wei,
Blackorby, & Schiller, 2011; Wei, Lenz, & Blackorby, 2013), and there is no large-scale, published research on mathematics achievement growth of students with speciﬁc exceptionalities on the actual state tests used for accountability reporting.
1.2. Mathematics achievement and achievement gaps for SWDs
A signiﬁcant gap in mathematics achievement between students with and without disabilities has been well-documented (Council
for Exceptional Children, 2013; Watson & Gable, 2013). For example, on the 2013 National Assessment of Educational Progress
(NAEP) mathematics test, in comparison to students without disabilities (SWoDs), much lower percentages of SWDs demonstrated
performance at or above “proﬁcient” in Grade 4 (18% vs. 45%) and Grade 8 (9% vs. 39%; U.S. Department of Education, 2013). This
gap is further documented on a variety of academic achievement tests. Speciﬁcally, researchers have consistently noted the lower
mathematics performance of SWDs and differences in skills and abilities that may persist from early learning through later grades
(Carlson et al., 2011; Chatterji, 2005; Denton & West, 2002; Lee & Burkam, 2002; LoGerfo, Nichols, & Reardon, 2006; Morgan,
Farkas, & Wu, 2009; Princiotta, Flanagan, & Germino-Hausken, 2006; Shin, Davison, Long, Chan, & Heistad, 2013; Wei et al., 2013).
Although NCLB (2002) treats SWDs as one undifferentiated group, speciﬁc exceptionality categories represent very different kinds
of learners whose average performance may differ signiﬁcantly (Geary, Hoard, Nugent, & Bailey, 2012; Morgan, Farkas, & Wu, 2011;
Wei et al., 2013). For example, in a meta-analysis of characteristics of different exceptionality groups, Sabornie, Cullinan, Osborne, and
Brock (2005) found that compared to students with emotional/behavioral disabilities, students with mild intellectual disabilities, on
average, scored two thirds of a standard deviation lower in academic achievement. Similarly, Morgan et al. (2011) found that, in ﬁfth
grade, students with speech-language impairments were approximately one half standard deviation below SWoDs, whereas students
with learning disabilities were more than one standard deviation below SWoDs. So, although NCLB focuses on the achievement
gap for SWDs as a whole, it is important to investigate and document the extent to which the achievement gap differs for speciﬁc
exceptionality groups.
Central to NCLB and RTTT policy is the goal of closing or eliminating the achievement gap as students progress across grades.
However, longitudinal studies of achievement gaps for SWDs report varying results. A number of studies have found increases in
achievement gaps over time using district, state, and federal mathematics and reading assessments (Geary et al., 2012; Judge &
Watson, 2011; Morgan et al., 2011; Wei et al., 2013). Less frequently, studies have reported stable achievement gaps over time
(Jordan, Kaplan, & Hanich, 2002; Scarborough, 1998; Shaywitz et al., 1995). Finally, a number of researchers have reported decreases
in the achievement gap, again across a variety of mathematics and reading assessments including district, state, and federal tests (Bast
& Reitsma, 1998; Ding, Davison, & Petersen, 2005; Galindo, 2010; Han, 2008; Jordan et al., 2002; Protopapas, Sideridis, Mouzaki, &
Simos, 2011; Scarborough & Parker, 2003; Tate, 1997).
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1.3. Mathematics achievement growth for SWDs, SWoDs, and gifted students
In contrast to the varying results for achievement gaps, most investigations of student mathematics achievement growth across
grades have generally found consistent results. In studies that have examined mathematics growth of all students, mathematics
achievement is usually characterized by a curvilinear function with relatively high rates of growth in the early grades that progressively decelerate in later grades (Bloom, Hill, Black, & Lipsey, 2008; Carlson et al., 2011; Ding et al., 2005; Lee, 2010; Morgan et al., 2011;
Shin et al., 2013; Wei et al., 2013). For instance, Lee (2010) used multiple sources of national assessment data, including long-term
NAEP trend data, the Early Childhood Longitudinal Study—Kindergarten (ECLS-K), and norms from two standardized achievement
tests to examine mathematics growth in the United States over three decades. Lee characterized typical mathematics achievement
growth 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. Bloom et al. (2008) reached similar conclusions about the general pattern of decelerating mathematics achievement growth by examining average annual gains in mathematics achievement from Kindergarten to
Grade 12 on six nationally normed tests. This general ﬁnding of decelerating growth in mathematics achievement is widespread
and has been attributed to a number of factors including decreasing rate of growth in children's cognitive capacity with age, increasing
complexity of mathematics content (Lee, 2010), changes in the structure of the content assessed, or differences in the assessments and
instruments used to document performance and progress.
Until recently, relatively few studies have examined achievement growth for speciﬁc groups of exceptional children including
SWD and Academically/Intellectually Gifted (AIG) students. Some investigators (e.g., Shin et al., 2013) have examined mathematics
achievement growth trajectories using a dichotomous categorization of SWDs vs. SWoDs. A number of other investigators have examined one or two speciﬁc exceptionalities—most commonly speech-language impairment, speciﬁc learning disabilities (LD), or both
conditions. For example, Judge and Watson (2011) investigated mathematics achievement growth of students with speciﬁc learning
disabilities using data from ECLS-K over Grades K to 5. Results showed that lower levels of mathematics achievement were already
present at kindergarten entry for students identiﬁed as learning disabled and these students had slower growth than SWoDs.
Morgan et al. (2011), in a study of ECLS-K participants, found that children identiﬁed with either speech-language impairments or
learning disabilities performed signiﬁcantly lower than children without disabilities at kindergarten entry but only children with
LD showed signiﬁcantly slower mathematics growth than SWoDs across the elementary school grades.
Investigators rarely have examined achievement growth in multiple disability categories (e.g., Wei et al., 2011, 2013), but when
they have, considerable heterogeneity appears in intercept and some heterogeneity in slope of growth trajectories for different exceptionalities. Wei et al. (2013), using the nationally representative Special Education Elementary Longitudinal Study (SEELS), estimated
mathematics achievement growth trajectories for students in 11 speciﬁc disability categories from age 7 to 17 using quadratic growth
models. Wei et al. (2013) did not provide direct comparisons of exceptional children's growth to SWoDs as those students were not
included in the SEELS sample. Instead, students with learning disabilities, who constituted the largest proportion of the sample, were
the reference group in statistical analyses. Overall, mathematics growth for all SWDs followed a pattern similar to that observed in
previous studies of SWoDs (e.g., Lee, 2010) with curvilinear growth that progressively decelerated through high school. The SEELS
outcome measures assessed applied mathematics and mathematics calculation. On the applied mathematics measure at the midpoint
of the age range, Wei et al. (2013) found that average performance (intercepts) of students in all disability categories was signiﬁcantly
lower than students with learning disabilities (the reference group) with the exception of students with speech impairments, emotional disturbance, or visual impairments. The ranking of disability groups from highest to lowest average performance was speech
impairments, visual impairments, emotional disturbances, learning disabilities, other health impairments, orthopedic impairments,
hearing impairments, traumatic brain injury, autism, intellectual disability, and multiple disabilities. In contrast, there were no statistically signiﬁcant differences between students with learning disabilities and students in each of the other disability categories on
slope or acceleration of growth trajectories. On the mathematics calculation outcome measure, Wei et al. found that, on average,
students with autism, intellectual disabilities, traumatic brain injury, or multiple disabilities had signiﬁcantly lower scores and
students with speech impairments had signiﬁcantly higher scores in comparison to students with learning disabilities. Wei et al.
found no statistically signiﬁcant differences in slope or acceleration of calculation scores between students with learning disabilities
and students in each of the other disability categories, with the exception of a signiﬁcantly slower growth rate for students with
autism and a signiﬁcantly faster deceleration for students with speech impairments.
There is also little published research on the academic growth of AIG students. In the research reported above on the achievement
gap, in NAEP achievement reports, and in almost all state accountability systems, AIG students are not differentiated from general
education (GE) students and together they form the student group typically referred to as SWoDs. Although historically there have
been some studies of AIG students' development, including longitudinal studies (see Lubinski, Webb, Morelock, & Benbow, 2001),
with rare exceptions, this research has been based on case studies and small samples and has not examined these students' performance on academic achievement tests. The Association for the Gifted of the Council on Exceptional Children (CEC-TAG, n.d.) has
recently argued for the separate evaluation of the achievement performance and academic growth of AIG students as part of NCLB requirements. Subotnik, Olszewski-Kubilius, and Worrell (2011) described reasons why giftedness is often excluded from consideration
in educational policy, including the assumption that AIG students will “do OK on their own” (p. 8). They argued for the importance of
clearly identifying and studying gifted children but also noted the unique methodological challenges posed by this group, such as the
need for longitudinal study to ameliorate regression to the mean artifacts (Lohman & Korb, 2006).
In one of the few studies of achievement growth in AIG students, Ma (2005) used data from the Longitudinal Study of American
Youth over Grades 7 to 12 and found that provision of an early, accelerated mathematics curriculum resulted in little improvement
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in mathematics growth among AIG students, small improvements among honors students, and larger improvements among GE students. Ma provided evidence that ceiling effects, a common problem in the study of academic growth in AIG students, did not affect
the outcome measure. In another study, Rambo-Hernandez and McCoach (2014) found that, on the Measures of Academic Progress
(MAP) reading test (Northwest Evaluation Association, 2011), average students' initial performance in Grade 3 was lower than AIG
students, but average students had greater growth during the school year and through to the fall of Grade 6. AIG students, however,
grew more quickly than average students over the summer and maintained the same growth rate throughout the calendar year. In
sum, despite recommendations for disaggregation and study of the academic growth of AIG children, there are a number of methodological challenges and few extant longitudinal studies.
1.4. Relations of mathematics achievement and growth to student socio-demographic characteristics
Examination of mathematics achievement gap differences has largely focused on groups deﬁned by NCLB (i.e., economic disadvantage, language proﬁciency, race/ethnicity, and SWDs). Substantial evidence indicates that economically disadvantaged students start
school behind their more advantaged peers, have fewer resources in the home, and fewer opportunities for mathematics learning
(Davison, Seok Seo, Davenport, Butterbaugh, & Davison, 2004; Denton & West, 2002; Jordan et al., 2002; Lee & Burkam, 2002).
Evidence also exists indicating that these differences persist throughout the school years (Chatterji, 2005; McCoach, O'Connell,
Reis, & Levitt, 2006; Morgan et al., 2009; Wright & Li, 2008).
Investigators have also found signiﬁcant associations between student achievement and both gender and parent education level
(Holman, 1995; Hyde, Fennema, & Lamon, 1998; Phillips, Brooks-Gunn, Duncan, Klebanov, & Crane, 1998). Well established differences have been found in mathematics achievement by student race/ethnicity group on national achievement tests as well as other
academic, behavioral, and career outcomes (Blackorby et al., 2005; Blair & Scott, 2002; Denton & West, 2002; Hemphill, Vanneman,
& Rahman, 2011; Jordan et al., 2002; Reardon & Galindo, 2009; Vanneman, Hamilton, Anderson, & Rahman, 2009). The importance
of taking student socio-demographic characteristics into account in examining achievement growth trajectories has also been demonstrated in several studies. For example, Kieffer (2011) found that differences in growth trajectories between native English speakers
and English language learners (ELLs) decreased when child- and school-level socioeconomic status (SES) measures were taken into
account with the achievement gap narrowing over time and ELLs growing more rapidly than native English language peers by eighth
grade.
Relatively few investigators of mathematics achievement have explored the impact of socio-demographic variables on growth or
change in achievement gaps for SWDs. In a study of mathematics learning disabilities, Judge and Watson (2011) found that students
participating in ECLS-K had signiﬁcantly slower achievement growth over Grades K to 5 if they were female, African American, Hispanic, or lower SES. In another analysis of ECLS-K respondents, Morgan et al. (2009) found that non-White, female, lower SES students
identiﬁed with an individualized education plan scored signiﬁcantly lower on initial status and had slower mathematics growth rates
over Grades 1 to 5 than peers. In a larger study of ECLS-K participants, Morgan et al. (2011) reported that children identiﬁed with
speech impairments or learning disabilities who were from lower socioeconomic status families or were African American had
lower levels of mathematics achievement and lagged increasingly behind in their acquisition of mathematics skills over time.
As described earlier, using SEELS data, Wei et al. (2013) analyzed mathematics growth trajectories for students in 11 federal
disability categories. Wei et al. also included student gender, race, and socioeconomic status as additional predictors in their analyses.
They found signiﬁcantly lower mathematics achievement for SWDs who were female, Black, and lower SES in comparison to White,
male, average SES students with learning disabilities. They also observed that achievement gaps were stable over time for these
groups but widened for Hispanic students with disabilities on mathematics calculation.
1.5. Purpose and research questions
Although there is an informative and developing literature on the mathematics growth of SWDs, there are important gaps and
limitations in the literature. There are only three studies (Carlson et al., 2011; Wei et al., 2011, 2013) that examined growth for
more than two speciﬁc student exceptionality groups. To our knowledge, there are no large-scale, published studies that examined
mathematics growth of speciﬁc student exceptionality groups using a state accountability test used for high stakes reporting under
NCLB. Other limitations of some previous research are the failure to include speciﬁcally identiﬁable SWoD reference groups as comparisons in analysis, the lack of interpretative benchmarks for growth (as recommended by Bloom et al., 2008), and only descriptive
evidence or visual inspection of achievement gap differences.
The purpose of the present study was to add to the literature by examining mathematics achievement growth on a statewide
achievement test for students in speciﬁc exceptionality categories in Grades 3 to 7 using descriptive methods, multilevel longitudinal
models, clearly identiﬁed reference groups, and empirical, effect size (ES) benchmarks of growth. We also sought to reﬁne our estimates of growth trajectories by including student socio-demographic characteristics in the multilevel analyses. Interpretive growth
benchmarks were provided by describing the ES of students' mathematics achievement from year-to-year for all student groups
and the ES of achievement gaps of speciﬁc student exceptionality groups in comparison to GE students and in comparison to
SWoDs (GE and AIG students together) as is done in accountability reporting.
We addressed ﬁve fundamental questions about academic growth in mathematics: (a) What is the developmental progress in
mathematics achievement for GE students, AIG students, and students in speciﬁc exceptionality groups on a statewide achievement
test? (b) Do rates of growth change over grades? (c) Do rates of growth change after controlling for student socio-demographic
characteristics? (d) What is the ES of growth from year-to-year for speciﬁc exceptionality groups? and (e) What is the ES of the
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achievement gap between students in speciﬁc exceptionality categories and GE students or SWoDs as a whole and does the magnitude of gaps change over grades?
2. Method
2.1. Sample
The original sample for this study consisted of all students in North Carolina who were in the third grade in 2000–2001, had not
been retained in grade from the previous year, and were present in the state's achievement testing database (N = 103,123; see ﬁrst
column of Table 1 labeled Total sample). We selected North Carolina as the focal state for this analysis for several reasons. The state's
educational accountability system has employed reading and mathematics tests with developmental scales spanning grades three
through eight since 1993 (North Carolina Department of Public Instruction, 1996). These developmental scales have a strong psychometric foundation (Thissen, Pommerich, Billeaud, & Williams, 1995; Williams, Pommerich, & Thissen, 1998) and are well described in
the tests' technical manuals (North Carolina Department of Public Instruction, 1996, 2006). In addition, unlike many states, North
Carolina has routinely included students with disabilities in their annual accountability testing program well before federal mandates
to do so (Schulte, Villwock, Whichard, & Stallings, 2001).
Based on the 2000 United States Census (U. S. Census Bureau, 2014), which is the closest in time to the data reported here,
North Carolina was similar to the U.S. general population in terms of percentage of Whites (72.1 versus 75.1) and American
Indians (1.2 versus 0.9), but the state had a higher percentage of the population that was Black (21.6 versus 12.3) and smaller percentages who were Asian (1.4 versus 3.6) or Hispanic (4.7 versus 12.5). Students in North Carolina scored one quarter of a standard
deviation above the national average at fourth grade on NAEP mathematics in 2003, the closest testing period to the year this
longitudinal sample was in fourth grade (U. S. Department of Education, 2013). The percent of students with disabilities as a percent
of public school enrollment in North Carolina (13.4) closely approximated the national percent in 2001 (13.3; U.S. Department of
Education, 2002).
To create the analytic sample, we systematically excluded a number of individuals (see second column of Table 1 labeled Analysis
sample) if they met one or more of the following criteria: (a) did not follow the typical grade level sequence from Grades 3 to 7,
primarily due to grade retention (N = 8315, 8.1%); (b) never participated in the large scale mathematics test in any grade
from 3 to 7 (N = 1729, 1.7%); or (c) were missing wave one, third-grade demographic information, including codes for ethnicity
(N = 14, b0.1%), gender (N = 11, b 0.1%), parental education (N = 1206, 1.2%), or exceptionality (N = 314, b1%). We also excluded
30 students coded as “other” ethnicity in 2001 because the category was dropped by North Carolina in subsequent years. Retained
students are likely to be systematically different than other students and might have biased our estimation of “typical” growth trajectories. Although we could have used imputation or other statistical methods to replace missing demographic information, research
has shown that listwise deletion is an acceptable strategy with very small percentages (b2%) of missing data or when missingness
occurs on predictor variables, as is the case here (Enders, 2010). Finally, in order to ensure stable statistical estimation and power
to examine growth for students in speciﬁc exceptionality categories, we also dropped from the analytic sample several categories
with a sample size of 100 or less in third grade (multiple disabilities, orthopedic impairment, traumatic brain injury, and visual impairment, N = 321, b1%).
After students meeting one or more of these exclusion criteria had been eliminated, the analytic sample consisted of 92,045
students (89% of the students in the state system data ﬁle and 91% of students tested). Table 1 shows the composition of the analytic
and total sample with respect to SWoD, SWD, and speciﬁc exceptionality groups. We used z-tests of the difference between
Table 1
Student disability group by sample at wave 1.
Student group

Students without disabilities
General education
Academic/intell. gifted
Students with disabilities
Autism
Emotional disturbance
Hearing impairment
Mild intellectual disability
Multiple disability
Orthopedic impairment
Other health impairment
Speciﬁc learning disability
Speech-language impairment
Traumatic brain injury
Visual impairment
Unidentiﬁed
Total sample size

Total sample

Analysis sample

h

N

%

N

%

88,429
81,478
6951
14,694
332
829
170
2017
100
80
1502
6377
2660
29
59
314
103,123

85.7
79.0
6.7
14.3
0.3
0.8
0.2
2.0
0.1
0.1
1.5
6.2
2.6
b0.1
b0.1
0.3

81,179
74,333
6846
10,866
141
634
131
1244
–
–
1171
5221
2324
–
–
–
92,045

88.2
80.8
7.4
11.8
0.2
0.7
0.1
1.4
–
1.3
5.7
2.5

Note. Students without disabilities group is composed of the combination of general education and academically/intellectually gifted students.

.074
.045
.027
.074
.020
.012
.026
.047
–
.017
.021
.006
–
–
–
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proportions to compare the two samples. Because of our very large sample sizes, any difference of .1% or larger between the two samples was statistically signiﬁcant (p b .05). To more fully evaluate these differences we also computed Cohen's h, a measure of effect size
for proportions. Cohen provides rules of thumb for h (Cohen, 1988, pp. 184–85), interpreting effect sizes of .20 as small, about .50 as
medium, and .80 and greater as large. As can be seen in Table 1, all differences between samples were very small ranging from an h of
.006 for speech-language impairment to .074 for SWD overall.
We also evaluated the samples on their demographic characteristics including differences between the SWoD and SWD groups
(see Table 2). As with the comparisons in Table 1, we used z-tests for proportions and Cohen's h to compare the total sample to the
analytic sample and the SWoD to the SWD groups within the analytic sample. Although all but two comparisons (Asian and Multiracial) between the Total and Analysis samples were statistically signiﬁcant, the magnitudes of these differences were very small
for all 16 comparisons in Table 2 ranging from an h of 0 to an h of 0.047. Comparisons of the demographic characteristics of the
SWoD and SWD groups, however, showed more variation. Although many comparisons between the groups were also very small
in magnitude, there were also several larger differences in the composition of the SWD group including 20% fewer female students
(h = 0.41), 12% higher participation in free/reduced lunch (h = 0.24), and more students with lower parental educational levels
(e.g., 10% more students with parents who had less than a High School education, h = .28).
We forward matched the cohort of students who were present in the database in 2000–2001 in Grade 3 to all succeeding years
through Grade 7 (2004–05). The forward matching procedure tracked all students in the system in 2000–2001 but did not add
new students entering the system in later years (e.g., new Grade 4 students in 2001–2002 and new Grade 5 students in 2002–
2003). We used forward matching to identify a clearly deﬁned cohort of students and avoid a shifting student composition over
the grades studied. We tracked the cohort only through seventh grade because the state introduced a third edition of the mathematics
test in 2005–2006 that would have confounded estimates of mathematics growth with score changes due to test edition. Of the 92,045
students in the analytic sample, 80.9% had mathematics scores in all 5 years, 5.1% had scores in 4 years, 4.3% had scores in 3 years,
3.8% had scores in 2 years, and 6.0% had only one mathematics score during the 5-year study period. Achievement data for a student
could be missing in a year because the student took an alternate assessment, began attending a private school that did not participate
in the testing program, or moved out of state.

2.2. Measures
For all analyses reported, the outcome measure was student developmental scale score on the standardized, second edition North
Carolina End of Grade (EOG) Mathematics Tests. Each grade level test consisted of 80 multiple-choice items intended to measure the
four strands in the state mathematics curriculum: (a) number sense, numeration, and numerical operations; (b) spatial sense,
measurement, and geometry; (c) patterns, relationships, and functions; and (d) data, probability, and statistics (North Carolina
Department of Public Instruction, 2006). Although the content speciﬁcations were based on strands, the scores reported are total
scores across all strands. For reference, the central tendency and variability of these total scores across all North Carolina students
are described by the values in the ﬁrst two rows of Table 3. North Carolina mathematics test scores reported here are developmental
scale scores based on vertical linking. The linking study used to establish the developmental scale employed a common items design in
which adjacent grades were forward linked using a three-parameter logistic item response theory model, 12-item linking forms
between adjacent grades, and an algorithm described by Thissen and Orlando (2001).

Table 2
Student demographic characteristics by sample and group at wave 1.
Characteristic

Total sample
N

Female
American Indian
Asian
Black
Hispanic
Multi-racial
White
Unidentiﬁed
Limited English
Title I student
Free/reduced lunch
Parental education
bHigh school
High school
High school+
Com. college graduate
Trade/bus. sch. graduate
College graduate
Total sample size

Analysis sample

SWoD

SWD

%

N

%

h

N

%

N

%

h

50,463
1549
1958
31,190
5555
1818
61,005
17
3553
4661
40,189

48.9
1.9
1.9
30.2
5.4
1.8
59.2
b0.1
3.4
4.5
39.1

46,364
1353
1791
26,096
4555
1639
56,611
–
2724
3882
37,266

50.4
1.5
1.9
28.4
4.9
1.8
61.5

.030
.031
.000
.040
.023
.000
.047
–
.023
.015
.029

42,819
1166
1720
22,640
4233
1458
49,962

52.7
1.4
2.1
27.9
5.2
1.8
61.5

32.6
1.7
0.7
31.8
3.0
1.7
61.2

.409
.024
.123
.085
.112
.008
.006

2555
3328
1744

3.1
4.1
39.1

3545
187
71
3456
322
181
6649
–
169
554
5522

1.6
5.1
50.8

.100
.048
.236

12,158
47,247
4148
13,368
20,771
4225
103,123

11.8
45.8
4.0
13.0
20.1
4.1

9532
41,756
3848
12,599
20,179
4131
92,045

10.4
45.4
4.2
13.7
21.9
4.5

.045
.008
.010
.021
.044
.020
81,179

7482
36,346
3470
11,437
18,628
3816

9.2
44.8
4.3
14.1
22.9
4.7

2050
5410
378
1162
1551
315
10,866

18.9
49.8
3.5
10.7
14.3
2.9

.283
.100
.041
.103
.222
.095

3.0
4.2
40.5
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Table 3
Mathematics scale score means and standard deviations by student group (N = 92,045).
Grade
Student group

3

4

5

6

7

All students

251.44
(7.50)
251.17
(6.91)
260.80
(5.55)
246.30
(7.76)
243.98
(7.06)
247.79
(7.10)
237.56
(4.79)
246.27
(7.00)
247.03
(6.80)
249.74
(7.46)

257.39
(8.21)
257.04
(7.61)
267.64
(6.30)
252.39
(8.61)
249.91
(7.13)
253.28
(7.46)
243.25
(4.77)
251.49
(7.50)
252.23
(7.08)
255.85
(8.16)

263.22
(8.68)
263.06
(7.91)
273.76
(6.12)
256.43
(10.59)
254.19
(8.59)
259.65
(8.27)
246.68
(5.26)
255.79
(8.27)
257.22
(8.07)
261.80
(8.80)

267.15
(9.18)
267.16
(8.34)
277.85
(6.40)
260.49
(10.39)
256.53
(8.47)
262.16
(9.01)
249.61
(5.46)
258.67
(8.67)
260.28
(8.44)
265.95
(9.28)

270.15
(10.88)
269.98
(9.94)
283.43
(8.90)
263.30
(12.49)
257.77
(8.70)
264.21
(10.02)
252.24
(5.85)
261.07
(9.48)
262.44
(9.11)
268.62
(10.60)

General education
Acad./intell. gifted
Autism
Emotional disturbance
Hearing impairment
Mild intellectual disability
Other health impairment
Spec. learning disability
Speech-language impair.

A technical manual is available that provides reliability and validity data for the EOG Mathematics Tests, as well as information
about scaling and standard setting (North Carolina Department of Public Instruction, 2006). Internal consistency estimates for the
mathematics total scale score were above .90 for Grades 3 to 8 and remained above .90 when examined separately by gender, ethnicity, disability status, or limited English proﬁciency status. Content validity evidence provided in the technical manual included
teachers' ratings of the test content, with 85% agreeing to a superior or high degree that the content reﬂected the goals and objectives
of the grade level mathematics curriculum. In terms of criterion-related validity evidence, teachers' ratings of student expected grades
in mathematics correlated from .56 to .69 with students' scale scores, with correlations reported separately by grade. In addition,
teachers' ratings of student grade-level mastery of mathematics rated on a four-point scale (with descriptors ranging from insufﬁcient
to superior mastery) correlated from .61 to .65 with students' scale scores. None of the correlations of scale scores with teacher ratings
were reported separately by disability status.
The technical manual reported generally low correlations among EOG scale scores and variables external to the test such as gender,
limited English proﬁciency, and student disability status. The majority of the correlations between scale scores and gender or limited
English proﬁcient were less than ±.10, and most of the correlations between scale scores and disability status were less than ±.30.
None of these relations approached the size of coefﬁcients for concurrent validity. These ﬁndings generalized across all content
areas and test forms, and across Grades 3 to 8. Although not reported in the technical manual, evidence of concurrent and predictive
validity for the EOG Mathematics Tests was provided in several additional studies. Williams, Rosa, McLeod, Thissen, and Sanford
(1998) linked a shortened version of the EOG Mathematics Tests (1st edition) with NAEP mathematics scores. In a summary of this
study, Thissen (2007) reported that the EOG Mathematics Tests–NAEP correlation was .73. Renaissance Learning (2008) reported
the correlation between the third-grade EOG Mathematics Test (2nd edition) and the STAR Mathematics test was .73. In a more recent
concurrent validity study (Northwest Evaluation Association, 2014), the NWEA MAP mathematics test correlated from .81 to .86 over
Grades 3 to 8 with the EOG Mathematics Tests (3rd edition) at corresponding grades. None of these studies reported concurrent and
predictive validity results separately for SWDs and SWoDs.
2.3. Procedures
North Carolina began its current large-scale assessment and accountability program in reading and mathematics in 1993. Test data
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 are described next.
2.3.1. 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 to be included in testing, but students may be exempted
from testing or take an 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 (North Carolina Department of Public Instruction, 2006).
For the 2000–2001 school year, the participation rate for the EOG Mathematics Test for students in the third grade was 98% overall
and 81.6% for SWDs. Within the special education population, the participation rate by disability varied from 0% for students with
moderate to severe intellectual disabilities to 91% for students with learning disabilities.
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2.3.2. Determination of student groups
Unlike many states, North Carolina explicitly identiﬁes a group of students labeled as “Academically/Intellectually Gifted” (AIG).
We took advantage of this opportunity to study growth of this group and also to compare the growth of student groups not only to
GE students but also to AIG students by including this group in our analyses. Exceptional children were identiﬁed as SWDs and in
need of special education services at the school level, and in the third grade, students were identiﬁed in 1 of 17 categories. These
classiﬁcations were used as the basis for the exceptionality groups used in this study. Two of these categories were for students
who were not receiving special education services (a) GE students not identiﬁed as exceptional and (b) AIG students. The remaining
15 categories paralleled the disability categories in the Individuals with Disabilities Education Improvement Act (IDEIA, 2004),
although the terms sometimes varied somewhat from the IDEIA designations (e.g., “Behaviorally–Emotionally Handicapped” for
IDEIA's “Emotional Disturbance”).
Prior to data analysis, we recoded the state's exceptionality classiﬁcations to match the IDEIA designations with two exceptions.
The IDEIA designations do not include an academically gifted category. Because we were interested in academic growth for these students, we analyzed this group separately except in some of the reporting of achievement gap differences where we conformed to
NCLB practice of comparing SWD performance with all students without disabilities (i.e., GE students with AIG students together).
The second exception to IDEIA labels involves the category of intellectual disability. In North Carolina, this category is separated
into mild, moderate, and severe intellectual disabilities; however, only the “mild” designation included the subset of students who
had participated in the primary state mathematics assessment reported here. Because this group is not directly comparable to the
IDEIA category, we maintained the North Carolina designation of students with a “mild intellectual disability.”
2.3.3. 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 test record for each student who was a member of that school at the time of end of year mathematics and reading testing,
even if the student was absent or exempt from testing. Also included in the EOG record is student demographic information and disability classiﬁcation coded by school personnel at the time of testing and a unique identiﬁer for each student, added by NCERDC, used
to match student records across years. To create the longitudinal records, we conducted additional data quality checks on the EOG test
record ﬁles for the years 2001 to 2005 and then merged annual ﬁles by student identiﬁcation number to create the longitudinal
dataset.
2.4. Analytic methods
We used multiple analytic approaches to describe and estimate the growth in mathematics achievement of students with
and without disabilities. First, we applied descriptive methods to report mean change by year for all students by student
group. Second, similar to most studies published in this area, we modeled student growth using multilevel longitudinal analyses
(Raudenbush & Bryk, 2002). The multilevel analyses were completed using HLM 7.0 (Raudenbush, Bryk, Cheong, Congdon, & du
Toit, 2011), full maximum likelihood estimation, and speciﬁcation of model parameters as random effects. We did not include a
third school level in the analyses because our interest was in student growth rather than school effects, and we wished to avoid
attrition of students who changed schools. In the two-level HLM models we used, time was centered at the ﬁrst testing occasion
(Grade 3), and we included data from any available time point for a student even when data from other time points were
missing.
We ﬁrst applied unconditional growth models to serve as a baseline for comparison to succeeding models. The next modeling
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 additional predictors of mathematics
achievement. The conditional models included a level-1 model that speciﬁed student mathematics scores predicted by a quadratic function of 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. We used a quadratic model based on previous
ﬁndings in the literature as well as inspection of the data and statistical testing of alternative growth functions.4 The initial
level-1 model can be described as follows:
ðY ti Þ ¼ π0i þ π1i ðtimeÞ þ π2i ðtime squaredÞ þ r ti

ð1Þ

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
linear rate of change, π2i is the quadratic curvature and represents the acceleration or deceleration in each student's growth trajectory
and rti is the residual for each student.
At level-2, the level-1 parameters were modeled using student characteristics. All dichotomous predictors were uncentered, but
parental education, a continuous variable coded into ordinal categories, was centered at the grand mean. With this approach, coefﬁcients for dichotomous predictors represented the effect for the group coded one and the coefﬁcient for parental education
4
We also examined four additional fractional polynomial models representing other degrees of curvature between a linear and a quadratic model and a cubic model.
Although a cubic function was statistically signiﬁcant, it accounted for less than one-tenth of 1% of additional variance explained. Based on inspection of ﬁt indices
(i.e., Akaike information criterion, Bayes information criterion, and deviance), other ﬁndings in the literature, and visual inspection, a quadratic model was deemed
the most appropriate and parsimonious model. Details on these other analyses are available from the ﬁrst author.
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represented the effect for a student with average parental education. The level-2 equations for the mathematics initial status and
growth rate parameters were as follows:
Initial Status; π0i ¼ β00 þ ∑β0k ðPredictor k Þ þ u0i

ð2Þ

Rate of Change; πli ¼ β10 þ ∑β1k ðPredictor k Þ þ u1i

ð3Þ

Curvature; π2i ¼ β20 þ ∑β2k ðPredictork Þ þ u2i

ð4Þ

where β00 is the mathematics score intercept at Grade 3 for all students, each β0k represents the average partial regression coefﬁcient
relating the predictor of interest to student's initial status, and u0i is the residual between the ﬁtted predictor value for each student
and the student's observed Grade 3 mathematics score. For each rate of change parameter (i.e., π1i and π2i), each individual's rate of
change, πpi, was modeled as a function of the average mathematics rate of change, βp0. Each βpk represents the average partial regression
coefﬁcient relating the predictor of interest to students' rate of change, and upi is the residual between the ﬁtted predictor value for each
student's rate of change and the observed rate of change.
Our ﬁnal analyses provided empirical benchmarks (Bloom et al., 2008) of achievement scores as a contextual aid in interpreting
students' mathematics growth trajectories. We used two methods to provide interpretive benchmarks: (a) year-to-year growth
ESs for each student group, and (b) achievement gap ESs between student exceptionality groups and all students without disabilities
(i.e., GE and AIG students combined). We estimated year-to-year ESs for GE students, AIG 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 gap ES, the mean difference between the exceptionality group and SWoD students was computed and divided by the standard deviation of the scores for all students in that grade (Bloom et al., 2008). Both ESs were Cohen's d
statistic, and were interpreted using the same rules of thumb regarding ES magnitude as described earlier for Cohen's h (Cohen, 1992).
3. Results
We used the analytic sample to describe achievement by grade for each group of SWDs, estimate growth trajectories using multilevel methods, and create empirical benchmarks to further characterize mathematics growth and achievement gaps by student
group.
3.1. Average observed growth by exceptionality category
Table 3 shows means and standard deviations of mathematics scale scores by grade for all students together and for each student
group that had a sample size greater than 100 in 2000–2001. It can be seen in Table 3 and Fig. 1 that most typical trajectories are
curvilinear in form, with decelerating growth across grades. It can also be seen in Table 3 that all student groups showed increasing
variability in mathematics scores across grades. As expected, the AIG students had the highest mean achievement 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 for the remaining student groups were GE, speech-language impairment, hearing
impairment, autism, speciﬁc learning disability, other health impairment, emotional disturbance, and mild intellectual disability.
Although there was some crossing of growth trajectories in the middle of the distribution, generally there was some differentiation
Mean Mathematics Developmental Scale Score

285
280
275
270
Academically/intell. gifted

265

General education
Speech-language impairment

260

Hearing impairment

255

Specific learning disability

Autism
Other health impairment
Emotional disturbance

250

Mild intellectual disability
NC proficiency cutpoint

245
240
235
3

4

5

6

7

Grade
Fig. 1. Observed mean mathematics achievement by grade and student group.
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between groups of students in initial status. All student groups demonstrated positive growth over time, although there are differences apparent in both rate of change and rate of curvature for some groups. These observations are tested further using the multilevel
statistical models described in the next section. Fig. 1 also shows the North Carolina proﬁciency standard in mathematics for each
grade (as indicated by the gray horizontal line at each grade). Because these standards were not linear across grades, the relation
of average performance of the student groups varies over grades with fewer student groups exceeding proﬁciency on average in
Grade 7 in comparison to earlier grades.
3.2. Multilevel growth models
3.2.1. Unconditional and longitudinal level-1 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 model that estimated quadratic growth trajectories. Introduction of the quadratic
model resulted in statistically signiﬁcant improvement in model ﬁt (p b .001; see ﬁrst columns of Table 4). Across all students, the
estimated mean mathematics scale score in Grade 3 was 251.08. The average linear change was signiﬁcantly different than zero, at
6.92 points (z = 520.02, SE = 0.01, p b .001). The curvature in the growth function was −0.55 scale score points, which was also
signiﬁcantly different than zero (z = − 163.89, SE = 0.003, p b .001). This model allowed each growth trajectory parameter
(i.e., intercept, linear, and quadratic) to vary randomly across students. A multi-parameter variance component test indicated that
this model provided a better ﬁt to the data than a ﬁxed effects model, χ2 (5) = 46,106.21, p b .001, demonstrating that students differed in their growth trajectories. Intercorrelations of the model parameters between intercept and linear, intercept and curvilinear,
and linear and curvilinear parameters were .28, .18, and −.61, respectively.
Table 4
Fixed and random effects longitudinal HLM regression models, Grades 3 to 7.
Random effect

Mean

Unconditional

Speciﬁc exceptionality

Exceptionality & demographics

Intercept

Linear

Quadratic

Intercept

Linear

Quadratic

Intercept

Linear

Quadratic

251.08⁎⁎

6.92⁎⁎

−0.55⁎⁎

250.95⁎⁎

7.02⁎⁎

−0.56⁎⁎

253.14⁎⁎

6.99⁎⁎

(0.03)

(0.01)

(0.00)

(0.03)
9.99⁎⁎
(0.07)
−6.38⁎⁎
(0.70)
−7.80⁎⁎
(0.29)
−3.81⁎⁎
(0.63)
−14.00⁎⁎

(0.01)
−0.12⁎
(0.05)
−0.90⁎

(0.01)
0.23⁎⁎
(0.01)
0.16
(0.11)
−0.21⁎⁎
(0.05)
−0.18
(0.09)
0.14⁎⁎

(0.04)
7.02⁎⁎
(0.07)
−8.16⁎⁎
(0.64)
−5.35⁎⁎
(0.27)
−4.14⁎⁎
(0.53)
−10.65⁎⁎

(0.02)
−0.20⁎⁎
(0.05)
−0.83
(0.45)
−0.25
(0.22)
0.21
(0.36)
−1.58⁎⁎

−0.54⁎⁎
(0.01)
0.17⁎⁎
(0.01)
0.14
(0.11)
−0.14⁎
(0.05)
−0.18
(0.09)
0.22⁎⁎

(0.04)
0.05
(0.04)
0.01
(0.02)
−0.04
(0.02)

(0.18)
−5.63⁎⁎
(0.19)
−4.16⁎⁎
(0.09)
−1.81⁎⁎
(0.14)
−0.44⁎⁎

(0.15)
−1.21⁎⁎
(0.14)
−0.79⁎⁎
(0.06)
0.21⁎
(0.08)
0.02
(0.03)
−0.13
(0.11)
0.05⁎⁎
(0.01)
−0.19⁎⁎

Academic/intellectually gifted
Autism
Emotional disturbance
Hearing impairment
Mild intellectual disability

(0.17)
−5.35⁎⁎
(0.21)
−4.48⁎⁎
(0.10)
−1.45⁎⁎
(0.16)

Other health impairment
Speciﬁc learning disability
Speech-language impairment

(0.45)
−0.35
(0.22)
0.19
(0.37)
−1.69⁎⁎
(0.15)
−1.28⁎⁎
(0.14)
−0.86⁎⁎
(0.06)
0.16
(0.08)

Gender

(0.04)
−2.69⁎⁎
(0.16)
1.25⁎⁎
(0.02)
−1.25⁎⁎

Limited English
Parental education
Free/reduced lunch

(0.05)
0.20
(0.16)
−4.13⁎⁎
(0.05)
−0.94⁎⁎
(0.12)
−1.85⁎⁎

Asian
Black
Hispanic
American Indian
Variance component
Residual
Pseudo-R2 (as %)
Model df
ΔDeviance, χ2 (df, p-value)

49.50⁎⁎
10.60
–
92,044
–

Note. Standard errors shown in parentheses.
⁎ p b .05
⁎⁎ p b .001

1.37⁎⁎

0.14⁎⁎

–

–

37.73⁎⁎
10.59
23.78
92,036
24,671.43 (24, b.001)

1.29⁎⁎

0.13⁎⁎

5.84

7.14

(0.17)
27.15⁎⁎
10.59
45.15
92,028
29,111.25 (24, b.001)

(0.03)
1.28⁎⁎
(0.10)
0.22⁎⁎
(0.03)
0.93⁎⁎
(0.08)
−1.46⁎⁎
(0.12)
1.19⁎⁎
13.14

(0.04)
0.05
(0.03)
0.03
(0.02)
−0.04⁎⁎
(0.02)
0.03⁎⁎
(0.01)
0.04
(0.03)
0.03⁎⁎
(0.01)
−0.01
(0.01)
−0.08⁎
(0.03)
−0.11⁎⁎
(0.01)
−0.15⁎⁎
(0.02)
0.29⁎⁎
(0.03)
0.13⁎⁎
7.14
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3.2.2. Speciﬁc exceptionality model
We next applied two conditional models that added predictors to the quadratic unconditional model. In the ﬁrst model, we added
dummy coded predictors that reﬂected students' SWoD group or SWD exceptionality category. Multilevel model results for the exceptionality predictors are shown in the middle columns of Table 4. The average scale score of the GE student reference group (i.e., the
group coded zero on all vectors) was about 251. It can be seen that all differences in intercept in Grade 3 between GE students, AIG
students, and students in each exceptionality category were statistically signiﬁcant (p b .001). Although AIG students scored about
10 scale score points higher in Grade 3 than GE students, students from all of the exceptionality categories had signiﬁcantly lower initial mathematics performance. Students classiﬁed with a mild intellectual disability showed the largest differences in initial status—on
average 14 scale score points lower than GE students. Students with speech-language impairment showed the smallest contrast; they
scored an average of 1.45 scale score points lower in Grade 3.
The average initial rate of change for GE students was about 7 scale score points. Students from three exceptionality groups
(emotional disturbance, hearing impairment, and speech-language impairment) did not differ signiﬁcantly in linear rate of change
in contrast to the GE students. The remaining comparisons between student groups all showed statistically signiﬁcant (p b .001)
lower linear growth. The smallest difference observed was for AIG students, but annual decreases in linear growth rate of from
0.86 to 1.69 scale score points were observed for the remaining exceptionality groups.
Examination of the quadratic term results showed that, on average, GE students were estimated to have a statistically signiﬁcant
deceleration in growth rate of −0.56 scale score points from Grades 3 to 4. Students from three groups (AIG, mild intellectual disability, and emotional disturbance) showed statistically signiﬁcant differences in rate of curvature. Students classiﬁed as AIG and with a
mild intellectual disability showed a decrease in the rate of deceleration that resulted in lesser rates of −0.33 and −0.42 scale score
points, respectively. In comparison to GE students, students with emotional disturbance showed an additional deceleration in growth
rate (−0.21) that resulted in a decrease of −0.77 scale score points. No other group contrasts of the quadratic term were statistically
signiﬁcant.
Variance components, pseudo-R2 (expressed as the percent of variance explained), and deviance statistics are presented at the
bottom of Table 4 and show that addition of the exceptionality predictors accounted for approximately 24%, 6%, and 7% of the variance
in student intercepts, slopes, and curvature, respectively, in comparison to the unconditional longitudinal model. Comparison of
model deviances between the unconditional longitudinal and speciﬁc exceptionality models resulted in a statistically signiﬁcant
reduction in unexplained variance, χ2 (24) = 24,671.43, p b .001. Intercorrelations of the model parameters between intercept
and linear, intercept and curvilinear, and linear and curvilinear parameters were .26, .14, and −.63, respectively.

3.2.3 . Exceptionality and demographics model
We then expanded the multilevel growth model by adding an additional set of predictors representing student demographics and
background characteristics (see right-most columns of Table 4). The estimated mean initial status or intercept (253.14) now represented the average mathematics achievement in Grade 3 for students who were White males, GE, English proﬁcient, not receiving
free/reduced lunch, and had parents at the midpoint of education level. Although the magnitude of several exceptionality parameter
estimates changed through addition of the socio-demographic predictors, hypothesis testing results for the mean of parameters and
for speciﬁc exceptionality category contrasts were very similar to those for the previous model with three exceptions: linear change
for the autism group was no longer statistically signiﬁcant, and both linear change and curvature for students with speech-language
impairments were now statistically signiﬁcant in this model when they had not been signiﬁcant in the previous model. Estimated
growth trajectories for this ﬁnal model are still well represented by those shown in Fig. 1 with the same trends and ordering of student
groups; however, modeled trajectories were smoother and more linear in appearance.5
Examination of results for the added predictors showed that, controlling for all other predictors, females (−0.44), limited English
proﬁcient students (− 2.69), free/reduced lunch recipients (− 1.25), Black students (− 4.13), Hispanic students (− 0.94), and
American Indian students (−1.85) had signiﬁcantly lower initial mathematics performance than the reference group in Grade 3.
Results for the linear growth parameter showed that all predictors except student gender and limited English proﬁciency showed
statistically signiﬁcant differences in rate of change in comparison to the reference group. Controlling for all other predictors, 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
than the reference group; and students who were free/reduced lunch recipients (−0.19) or American Indians (−1.46) showed lesser
rates of change. Results for the quadratic parameter showed that the limited English proﬁcient students and free/reduced lunch recipients did not differ signiﬁcantly from the reference group. Controlling for all other predictors, female students (0.03), those
with higher levels of parental education (0.03), and American Indian students (0.29), showed acceleration in growth rate, whereas
free/reduced lunch recipients (−0.01), Asian (−0.08), Black (−0.11), and Hispanic (−0.15) students all showed statistically significant deceleration in growth rate compared to the reference group.
Examination of pseudo-R2 (expressed as the percent of variance explained) and deviance statistics showed that addition of the
socio-demographic predictors accounted for approximately 45%, 13%, and 7% of the variance in student intercepts, slopes, and curvature, respectively in comparison to the unconditional longitudinal model. Examination of pseudo-R2 between Model 2 and Model 3
showed that addition of the socio-demographic predictors accounted for an additional 28% and 8% of variance in intercepts and slopes
respectively; there was no change in explained variance of curvature parameters. Comparison of model deviances between the
unconditional longitudinal and speciﬁc exceptionality and demographics models resulted in a statistically signiﬁcant reduction in
5

Additional ﬁgures and tables based on HLM estimated model results are available on request from the ﬁrst author.
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unexplained variance, χ2 (48) = 53,782.68, p b .001, and comparison of model deviances between Model 2 (speciﬁc exceptionality)
and Model 3 (speciﬁc exceptionality and demographics) also resulted in a statistically signiﬁcant reduction in unexplained variance,
χ2 (24) = 29,111.25, p b .001.
Intercorrelations of the model parameters between intercept and linear, intercept and curvilinear, and linear and curvilinear parameters were .29, .04, and −.65, respectively. Thus, after controlling for demographic characteristics, there was a modest correlation
between intercept and linear slope indicating a Matthew effect relation in which, on average, those who scored higher in Grade 3 grew
at a more rapid rate and those with lower Grade 3 scores grew at a slower rate. There was no relation of intercept to curvature. And
there was a strong negative relation between linear and curvilinear growth parameters in which those with higher initial rates of
growth had the greatest deceleration in growth and those with lower initial growth had less moderation of growth rate over time.
One of our research questions involved evaluating the impact of inclusion of socio-demographic predictors. Estimates from the
middle to the right column of Table 4 were compared to determine the effect of controlling for socio-demographic characteristics
on estimates of exceptionality group differences. The magnitude of the change was evaluated by comparing the size of coefﬁcient
change to the coefﬁcient's standard error. It can be seen that, after controlling for socio-demographic characteristics, initial level of
mathematics performance (i.e., intercept) increased substantially (N2 SE) for students with mild intellectual disability, emotional disturbance, and speciﬁc learning disabilities. Initial level of mathematics performance decreased substantially (N 2 SE) for AIG students,
autism, and speech-language impairment. None of the differences in initial growth rate estimates (i.e., linear) were larger than two
standard errors after controlling for socio-demographic characteristics. Examination of changes in acceleration and deceleration
of growth (i.e., quadratic) showed that AIG students showed less acceleration (N2 SE) in mathematics growth and students with
mild intellectual disability showed greater acceleration (N2 SE) in mathematics growth over time after controlling for sociodemographic characteristics.
3.3. Empirical growth benchmarks
To provide additional empirical context for interpretation of differences in student growth we examined two representations of
the ES of student group differences: (a) growth in mathematics performance from year-to-year and (b) achievement gaps between
student exceptionality groups and all SWoDs.
3.3.1. Mathematics growth effect sizes
Table 5 and Fig. 2 show year-to-year growth expressed as an ES for all SWoDs, GE students, AIG students, and students in each
exceptionality category. As reported in the ﬁrst column of Table 5, student growth from Grade 3 to Grade 4 is characterized by
large ESs for all student groups, ranging from 0.72 for the other health impairment group to 1.19 for the mild intellectual disability
group. Inspection of the grade transition ESs showed that they generally diminished across grades. For all SWoDs, this trend results
in a decrease in ES from 0.78 in grade transition 3–4 to 0.32 in grade transition 6–7. This decrease in year-to-year growth is generally
reﬂected for all student groups and is apparent in Fig. 2. AIG students and students with mild intellectual disability maintained relatively higher year-to-year growth than other student groups. However, it is also worth noting that students with mild intellectual disability showed the largest deceleration in growth over grades.
3.3.2. Achievement gap effect sizes
Another representation of mathematics achievement for student groups that is particularly policy relevant in the context of NCLB
can be obtained by inspecting the relative growth of one student group in comparison to others. The usual comparison made in NAEP
reporting and in the context of NCLB accountability reports is between SWD and SWoD student groups. However, as we have described, there is merit in further disaggregation of SWD into speciﬁc exceptionality groups as well as the disaggregation of SWoDs
into GE and AIG students. Thus, we report achievement gap results using the common approach with SWoDs as the reference
group (GE and AIG together), but we also report achievement gaps with SWoDs disaggregated using only GE students as the reference

Table 5
Mathematics growth effect size over time by student group.
Grade transition
Student group

3–4

4–5

5–6

6–7

Students without disabilities
General education
Academically/intell. gifted
Students with disabilities
Autism
Emotional disturbance
Hearing impairment
Mild intellectual disability
Other health impairment
Speciﬁc learning disability
Speech-language impairment

0.78
0.81
1.15
0.74
0.75
0.84
0.75
1.19
0.72
0.75
0.78

0.74
0.78
0.99
0.54
0.42
0.54
0.81
0.67
0.54
0.66
0.70

0.48
0.50
0.65
0.32
0.39
0.27
0.29
0.55
0.34
0.37
0.46

0.32
0.31
0.72
0.24
0.25
0.14
0.22
0.47
0.26
0.25
0.27

Note. Students without disabilities group is composed of the combination of general education and academically/intellectually gifted students.
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Grade Transition

Fig. 2. Mathematics achievement growth effect size at each grade transition by student group.

group. Table 6 documents ES comparisons of students by exceptionality group with all SWoDs together in the upper portion of the
table and in comparison only with GE students in the lower portion of the table. In comparison to SWoDs, all student exceptionality
group mathematics scores were lower by 0.30 to almost 2.0 standard deviations in Grade 3. These results using aggregated SWoD students are also shown in Fig. 3. Although there is variation from grade to grade with some narrowing for several groups in Grades 4 and
7 and some widening for several groups in Grades 5 and 6, achievement gap differences were relatively stable from Grade 3 to Grade 7
and remain from 0.23 to 1.74 standard deviations lower than SWoD students in Grade 7. In the lower portion of the table, it can be
seen that, in comparison to GE students only, the same patterns are apparent although the magnitude of achievement gaps is smaller.
It is also apparent that AIG students have a sizeable positive achievement gap over GE students of more than one standard deviation
across all grades.
4. Discussion
Although there is substantial interest in mathematics achievement growth and gaps for different student groups, much of our
research-based knowledge has been from small, nonrepresentative samples (e.g., Geary et al., 2012), national databases (Carlson
et al., 2011; Morgan et al., 2009; Wei et al., 2013), and aggregated groups. Although this research provides useful information, the
achievement growth of student groups on state assessments, especially students receiving special education services, has largely
been unexplored. The present study addressed these limitations in the existing literature by examining children's mathematics
growth trajectories over multiple grades and is the ﬁrst study that reports growth results for multiple, speciﬁc student exceptionality
groups on an operational, state-wide achievement test used for accountability reporting. Our results estimated growth trajectories for
GE students, AIG students, and students in seven disability categories over Grades 3 to 7 as well as evaluating the relations of student

Table 6
Mathematics achievement gap effect sizes by exceptionality category in comparison to all students without disabilities and to general education students.
Grade
Student group
vs. all students without disabilities
Autism
Emotional disturbance
Hearing impairment
Mild intellectual disability
Other health impairment
Speciﬁc learning disability
Speech-language impairment
vs. general education students
Academically/intell. gifted
Autism
Emotional disturbance
Hearing impairment
Mild intellectual disability
Other health impairment
Speciﬁc learning disability
Speech-language impairment

3

4

5

6

7

−0.76
−1.07
−0.56
−1.93
−0.76
−0.66
−0.30

−0.68
−0.98
−0.57
−1.79
−0.79
−0.70
−0.26

−0.87
−1.13
−0.50
−1.99
−0.94
−0.78
−0.25

−0.83
−1.26
−0.64
−2.01
−1.02
−.085
−0.23

−0.72
−1.23
−0.64
−1.74
−0.92
−0.80
−0.23

+1.28
−0.65
−0.96
−0.45
−1.82
−0.65
−0.55
−0.19

+1.29
−0.57
−0.87
−0.46
−1.68
−0.68
−0.59
−0.14

+1.23
−0.76
−1.02
−0.39
−1.89
−0.84
−0.67
−0.15

+1.16
−0.73
−1.16
−0.54
−1.91
−0.93
−0.75
−0.13

+1.24
−0.61
−1.12
−0.53
−1.63
−0.82
−0.69
−0.13
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Fig. 3. Achievement gap effect sizes between all SWoD and each exceptionality group by grade.

socio-demographic characteristics to growth. Although many studies have investigated achievement gap differences, few provide empirical benchmarks of these differences by reporting ESs. In the present study, two recommended ES benchmarks of change (Bloom
et al., 2008) were reported: year-to-year growth ESs and achievement gap ESs that reﬂect the goals of NCLB accountability policy.

4.1. Major study ﬁndings in relation to previous research
On the North Carolina EOG Mathematics Tests, we found that achievement growth over Grades 3 to 7 was best represented as a
curvilinear function with achievement growth decelerating over time. However, the rate of curvature was quite small both in an absolute sense for scale score units and in terms of the percentage of variance explained by the curvature term. These results generally
conﬁrm those of other recent studies (Bloom et al., 2008; Morgan et al., 2009; Morgan et al., 2011; Shin et al., 2013; Wei et al., 2013)
that all reported curvilinear mathematics growth functions with decelerating growth over age or grade. Not surprisingly given different samples and instruments, there are some differences across studies in rates of growth or the timing of the deceleration of growth.
For example, Wei et al. (2013) found that growth slowed at approximately age 13 across all disability groups whereas deceleration
was apparent in our results approximately two years earlier for most student groups. The magnitude of changes in growth described
in other published research is less apparent and more difﬁcult to compare because those studies did not report ES statistics.
To address our ﬁrst two research questions, we examined growth for speciﬁc student groups. Overall, the same pattern of statistically signiﬁcant but diminishing growth across grades was observed for almost all groups. Two exceptions were students with mild
intellectual disabilities who showed larger growth ESs over grades than other groups and AIG students whose growth ES from Grades
6 to 7 actually increased rather than decreased. However, there was also statistically signiﬁcant variability by group—both in terms of
initial mathematics achievement and in rates of growth over time. In terms of initial achievement level, all groups of students with
disabilities showed lower achievement than their peers without disabilities. Among the special education groups, students with
speech-language impairments were the highest performing, and students with mild intellectual disability were the lowest
performing.
These ﬁndings are similar to previous research (Morgan et al., 2011; Shin et al., 2013; Wei et al., 2013) in the general ordering of
group performance but more detailed than previous research in showing the performance of multiple exceptionalities as well as AIG
student performance in contrast to GE students. The extant ﬁndings regarding differences in mathematics growth across grade by exceptionality group have been more variable. For example, Wei et al. (2013) reported almost no differences in mathematics growth
over time among different exceptionality groups in comparison to students with learning disabilities; Morgan et al. (2011) found
that mathematics growth for students with speech-language impairments did not differ from growth for SWoDs, but the growth
for students with learning disabilities was slower. Our study extended these ﬁndings in three important ways. First, we showed
the pattern of growth trajectories for student groups on an operational statewide accountability test. Second, we added to the
small literature that has examined mathematics growth for AIG students. Last, our results provided additional context for comparison
and understanding of growth for exceptional children by reporting ESs and through the provision of two speciﬁc SWoD reference
groups, GE and AIG students.
In the limited literature on the academic growth of AIG students, there has been a concern that NCLB proﬁciency-based assessments are unlikely to adequately measure their growth (McCoach, Rambo, & Welsh, 2013) because of limitations in content coverage,
type of tests, and test ceilings that are too low to measure progress or growth of AIG students (Subotnik et al., 2011). In the present
study, mathematics growth of a large sample of AIG students was modeled, and in comparison to GE students, we found signiﬁcantly
higher initial performance in Grade 3, signiﬁcantly slower linear growth, but signiﬁcantly less deceleration in growth rate. Although
this study had no means to evaluate the presence or impact of ceiling (or ﬂoor) effects on student groups, it is noteworthy that there is
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positive growth for all groups over grades despite any measurement artifacts that may have been present and AIG growth actually
accelerates from Grade 6 to Grade 7.
To address our third research question, we examined the relation between socio-demographic characteristics of students and
mathematics growth. We found statistically signiﬁcant differences in mathematics performance as a function of student demographic
characteristics with higher performance associated with male, White, higher parental education, no free/reduced lunch subsidy, and
native English speakers. These results are consistent with a large body of research that establishes relations of these student characteristics with student achievement (Holman, 1995; Lee & Burkam, 2002; Phillips, Norris, Osmond, & Maynard, 2002; Tate, 1997).
Studies investigating the growth trajectories of SWDs have not always statistically controlled for variation that might be related to
student demographic characteristics; however, there is evidence that including such controls signiﬁcantly alters exceptionality group
estimates (e.g., Kieffer, 2011; Morgan et al., 2011; Wei et al., 2011, 2013). In the present study, we found that addition of student sociodemographic characteristics resulted in substantial changes in the magnitude of intercept coefﬁcients for most exceptionality categories with some increases and some decreases in the difference between the achievement of exceptional and GE students. After controlling for socio-demographic characteristics, we found no substantial changes in the size of exceptionality coefﬁcients for linear
growth and only two differences for rate of curvature: less acceleration for AIG students and greater acceleration for students with
mild intellectual disability. These results suggest that exceptionality group differences, especially initial status, are confounded to
some extent by differential representation of exceptional students in particular socio-demographic groups. This confounding has
been reported in previous research (Blackorby et al., 2005; Coutinho, Oswald, & Best, 2002; Losen & Orﬁeld, 2002), and as shown
in Table 2 for this sample, there was disproportional representation with the SWD group composed of larger percentages of males,
free-reduced lunch students, and students whose parents had lower levels of education.
Finally, we addressed our research questions about achievement gaps by calculating estimates of year-to-year growth ES for each
student group and by examining achievement gaps between exceptionality groups and all SWoDs. By using these methods, we provided results in a metric that is comparable across studies and independent of the particular statistical model applied. There is evidence that there are achievement gaps when students enter school and at the time of their ﬁrst assessment on state mandated
accountability tests (Lee & Burkam, 2002). Our estimates of growth ES showed that, for all student groups, the magnitude of growth
from earlier grades into middle school decreased, which further underscores the curvilinear nature of mathematics growth described
earlier.
Results conﬂict on the stability of the mathematics achievement gap over time. Although some researchers have reported widening of the achievement gap for special education students in aggregate or in selected exceptionality groups (e.g., Jordan et al., 2002;
Morgan et al., 2011), our results are more consistent with studies that reported stable achievement gaps over time (e.g., Shin et al.,
2013). Less common are studies that report achievement gap differences for multiple, speciﬁc student exceptionality categories,
and this study is the ﬁrst to have reported achievement gap differences with AIG students differentiated from GE students. By examining AIG students separately as in Table 6, a more nuanced picture of the gap between speciﬁc exceptionality groups and GE students
emerged. Achievement gaps between SWD and GE students are, of course, smaller when AIG students are considered separately.
Although it is important to examine the individual performance of AIG students, it may also be that differences found among previous
studies of academic achievement gaps are complicated by differences in the composition or performance of AIG students in the combined SWoD group.
It should also be noted that many studies that describe achievement gaps and almost all studies of achievement gaps for speciﬁc
exceptionality groups have depended on descriptive statistics and visual inspection of results to characterize the magnitude of
achievement gaps. We believe that conclusions drawn from these studies might change if the appropriate standard deviations
were taken into account in describing mean differences using an ES. Use and reporting of ES descriptions of achievement gap differences can facilitate comparisons of results across studies and yield richer interpretation of the magnitude of differences (Bloom et al.,
2008). Our results showed that, in comparison to SWoDs, achievement gaps ranged from relatively small differences for students
with speech-language impairments to large differences for students with mild intellectual disability, and although there was some
variation across grades, there was no consistent evidence that achievement gaps were closing over Grades 3 to 7.
4.2. Limitations
A number of limitations in the present study should be noted and considered when interpreting results. First, our analyses did not
include a variety of additional student, family, or school characteristics that may be related to student academic achievement
(e.g., resources in the home, income level, family stability, intellectual ability, student engagement, and school climate). Our analyses
also only examined the partial regression effects of socio-demographic predictors rather than complete exploration of interaction effects, which were beyond the scope of the present study. Nonetheless, by including socio-demographic predictors in our analytic
model, we controlled for student characteristics to some extent. However, the issue of disproportional representation of students
with certain characteristics is important and may require more careful and extensive study to fully understand the ways in which
student background and characteristics interact with achievement growth. We also were unable to adequately represent and
model several IDEIA exceptionality categories (i.e., autism, orthopedic impairment, traumatic brain injury, and visual impairment)
because of small sample size, and our results are limited by a number of case exclusions for missing values. As in all longitudinal studies, some attrition occurred over time, although the rate in the present study (approximately 4% per year) was modest in comparison
to rates reported in some other longitudinal studies (e.g., McCaffrey, Lockwood, Mariano, & Setodji, 2005; Zvoch & Stevens, 2005).
Our sample also does not reﬂect the substantial temporal complexity that exists in characterizing students as having “special education” status or as belonging to a speciﬁc exceptionality group. Like most published longitudinal studies of academic achievement,
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for the purpose of analysis, student characteristics were deﬁned at wave 1 (Grade 3). However, we know that students enter and exit
into special education over time, may change exceptionality classiﬁcation, may sometimes take the regular state assessment and
sometimes an alternate assessment, and are more likely to be retained in grade than GE students (Schulte, 2010; Schulte &
Stevens, in press; Ysseldyke & Bielinski, 2002). Analyses that do not model these complex changes in student status and classiﬁcation
over time may result in biased estimates. It is also important to note that, although we contributed substantial new information
through the use of one state's accountability test and the reporting of ES benchmarks, the results reported here may not generalize
to other state testing and educational systems. However, in contrast, it is important to note as well that most research on mathematics
achievement growth and gaps has used national surveys that are unlikely to generalize in all respects to state achievement tests or to
represent the sample composition of students engaged in high-stakes educational accountability testing. Both kinds of research are
valuable, one nationally representative, the other representative of a state testing system, but it should not be assumed that generalizations can be made freely from one to another without an empirical basis.
4.3. Conclusions and future directions
Our general ﬁndings are largely consistent with and complementary to many previously published ﬁndings showing the signiﬁcant but decelerating mathematics achievement growth of students over grades. The results of this study, however, also ﬁll in a number of important gaps in the literature by analyzing an operational state test, providing well deﬁned comparison groups, and
expressing differences in growth over grades and differences between groups using ES benchmarks. Our ﬁndings also extend a
very small literature that examines achievement growth for multiple student exceptionality groups, including AIG students. Additional research is needed that expands on these results with the same and additional exceptionality groups. It is also important that some
portion of research on student achievement growth trajectories is conducted with state assessment data used for NCLB accountability
reporting so that educational program planning, decision-making, and policy formation can be informed and enhanced. It is unlikely
that our results will perfectly replicate to other state assessment instruments or states whose student population differs in the composition of racial/ethnic groups, percentage of English language learners, and rates of economic disadvantage. It is therefore important,
given the high stakes surrounding accountability testing, that we more fully understand the growth of all students on state tests as
well as the growth of speciﬁc groups of students including exceptional children. For practitioners, our results add important information by showing the performance of speciﬁc groups of children.
Wei et al. (2013) describe the NCLB approach to classiﬁcation of special education students as a “one size ﬁts all” approach. Our
results conﬁrmed that perspective and showed substantial variation in growth trajectories by student group that may be masked
by the aggregation of groups into a single special education category. Although many similarities were found in growth trajectories
for students in different exceptionality groups, average achievement gaps ranged from approximately one-quarter standard deviation
for students with speech-language impairments to about two standard deviations for students with mild intellectual disability.
Perhaps less obvious than this heterogeneity in student group performance are the implications for practitioners and policy makers.
Student heterogeneity requires greater attention to instructionally sensitive student assessment and different approaches to instructional intervention to foster academic improvement and ensure that all students learn to proﬁciency (Kauffman, Bantz, & McCullough,
2002; Tomlinson et al., 2003).
The laudable goal of closing the gap between SWDs and SWoDs is an important policy target. However, the policy may not fully
embrace empirical evidence about student growth. For those students 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 growth rates than their higher performing and
often more advantaged peers. Results presented here show that, in fact, SWDs generally are not closing the achievement gap relative
to SWoDs. As noted by others (e.g., Morgan et al., 2011; Vaughn & Wanzek, 2014; Wei et al., 2013), these and similar ﬁndings raise
important questions about how much growth should be expected for these students, what are reasonable expectations for “proﬁciency” and for narrowing the achievement gap, and to what extent the gap between current and ideal educational practices versus persistent cognitive and behavioral impairments for SWDs contribute to the observed outcomes.
Expectations for growth cannot rest solely on policy intent or a desire to set lofty goals but also must be contextualized by empirical ﬁndings that describe the growth that occurs for students as a function of their exceptionality and background. We believe,
through the use of ES interpretations of student growth, the results presented here provide rich additional context for characterizing
and interpreting student growth for SWDs and SWoDs, including both GE and AIG students. It is important to express not only how
much growth we would like to see from a pedagogical or policy perspective but also how much growth typically occurs; how that
growth is conditioned on student exceptionality, characteristics, and background; and what are reasonable expectations for future
student achievement.
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