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Abstract

This study used a statewide longitudinal sample to examine mathematics achievement gaps and
growth in students with and without disabilities and to examine the impact of different methods
of determining disability group membership on achievement gaps and growth. When disability
status was determined on the basis of special education placement each year, the achievement
gap was larger across grades than when the subgroup of students with disabilities (SWDs) was
defined more broadly, including students who had exited special education or who were in
special education anytime between Grades 3 and 7. Regardless of the identification criteria,
the SWD subgroup showed lower average achievement and slower growth than students
without disabilities. The results suggest that the present way of identifying the SWD subgroup
in reporting achievement outcomes may be biased and that even students who exit special

education continue to be at risk for lower mathematics achievement.

The academic achievement of students with
disabilities (SWDs) has been a long-standing
concern (McDonnell, McLaughlin, & Mori-
son, 1997; Wagner, Newman, Cameto, &
Levine, 2006). For example, on the 2013
National Assessment of Educational Progress,
students with disabilities scored more than
one standard deviation below their peers with-
out disabilities in Grades 4, 8, and 12 in read-
ing and almost a standard deviation below
these same peers in mathematics in Grade 4,
with a larger gap of over one standard devia-
tion in Grades 8 and 12 (U.S. Department of
Education, Institute of Education Sciences,
2014).

No Child Left Behind and
Disaggregated Achievement
Reports

In response to concerns about this persistent

low achievement, the No Child Left Behind
Act of 2001 (NCLB; 2006) requires states,

districts, and schools to report annual achieve-
ment test score results for students with dis-
abilities separately as well as to include these
students’ scores in aggregate reporting. Disag-
gregated reporting also is required along three
additional dimensions where specific sub-
groups have been historically at risk for low
achievement: ethnic-racial identity, economic
disadvantage, and low English proficiency.
NCLB also set annual achievement targets,
termed adequate yearly progress (AYP). AYP
goals require students in all subgroups to
reach 100% proficiency in reading and math-
ematics by 2013-2014 and mandated a “con-
junctive approach” (Koretz & Hamilton,
20006) to determining success in meeting these
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targets, meaning failure of one subgroup to
meet AYP in a year would result in overall
failure for the state, district, or school.

Of the subgroups targeted for disaggrega-
tion, the SWD subgroup has proved the most
challenging in terms of meeting AYP targets.
For example, Eckes and Swando (2009), in a
study of three states, found that schools most
often failed to make AYP because of low
achievement for the SWD subgroup. A num-
ber of concerns have been raised about NCLB
policies relative to this subgroup (e.g., Eckes
& Swando, 2009; Wei, Blackorby, & Schiller,
2011; Wei, Lenz, & Blackorby, 2013). Among
these is the concern that SWDs are the only
subgroup where the basis for membership can
include cognitive limitations that make it dif-
ficult for some students in this subgroup to
reach grade-level proficiency. Another is that
SWDs, on average, start out with lower test
scores than students in other at-risk subgroups,
making it less likely that the subgroup will be
able to reach grade-level proficiency standards
in the time frame originally required by NCLB.

In addition to concerns about whether the
ambitious targets set by NCLB for SWDs can
actually be achieved, Ysseldyke and Bielinski
(2002) raised concerns that identifying the
SWD subgroup on the basis of annual partici-
pation in special education masks true gains in
achievement for this subgroup. They argued
that this approach results in a downward bias
for SWD subgroup results, because each year
students who are academically successful “exit
from” special education, whereas students
who are experiencing academic difficulty in
general education “enter” special education.
Using large-scale assessment data from one
state, Ysseldyke and Bielinski reported spe-
cial education turnover rates of approximately
20% per year and found that achievement
gaps between SWDs and non-SWDs were
smaller when a stable subgroup of SWDs,
defined on the basis of special education
membership at one point in time, rather than
on a year-to-year basis, was examined.

Another complication with the cross-
sectional or year-to-year approach for charac-
terizing the achievement gap between SWDs
and non-SWDs is that specific exceptionality

groups enter and exit special education at differ-
ent grades. As such, the mix of mild, moderate,
and severe disabilities may change from grade
to grade. For example, there is a much higher
prevalence of students with speech or language
impairments, one of the disability groups whose
achievement is most similar to non-SWDs
(Puranik, Petscher, Al Otaiba, Catts, & Loni-
gan, 2008; Wei et al., 2013), in early elementary
school than in middle or high school (U.S.
Department of Education, Office of Special
Education Programs, 2013). Other disabilities
(e.g., specific learning disability) are more
likely to be diagnosed in later elementary
school, in part because of the definitional crite-
ria and in part because these children’s difficul-
ties may become apparent only as the
expectations for content mastery rise (Francis,
Shaywitz, Steubing, Shaywitz, & Fletcher, 1996).
Although this complication does not affect
year-to-year comparisons for the same grade
(e.g., third grade in one year to third grade in the
next year), changes in the composition of the
SWD subgroup across grades have the potential
to distort portrayals of changes in the size of the
achievement gap across grades for SWDs.

In recent years, some states have modified
their basis for defining the SWD subgroup by
including students who have exited special
education along with those currently served in
special education in the SWD subgroup. For
example, starting in 2009, North Carolina
allowed schools to include students who had
exited special education up to 2 years earlier
in their SWD subgroup reporting (North Car-
olina Department of Public Instruction, 2011).
This modification addresses some of the con-
cerns about the bias introduced by reporting
outcomes only for SWDs who are receiving
services in the current year but does not fully
address the impact that changes in SWD sub-
group composition across grades may have on
the achievement gap.

Growth Models and Their
Implications for the SWD
Subgroup

As concerns have been raised about the NCLB
requirements and procedures for the SWD



372

Exceptional Children 81(3)

5. €6

subgroup, others have criticized NCLB’s “sta-
tus” model (Castellano & Ho, 2013). With this
model, schools are held to a uniform set of
grade-level proficiency targets for all students,
regardless of their achievement level when
they enter the grade. Among the concerns cited
are the status model’s fairness and its validity
in representing schools’ true influence on stu-
dents (e.g., Marion et al., 2002; Stevens, 2005).
These concerns have led to interest in reshap-
ing states’ accountability systems to focus on
student growth rather than attainment of a uni-
form set of grade-level proficiency targets
(U.S. Department of Education, Office of
Planning, Evaluation, and Policy Develop-
ment, 2011). In response, researchers have
begun to examine achievement growth longi-
tudinally, seeking to understand the “natural
developmental progress” that typifies chil-
dren’s grade-to-grade progress through school
(e.g., Bloom, Hill, Black, & Lipsey, 2008 p.
298; Lee, 2010). An understanding of typical
development in an academic area, and the
extent to which individual or subgroup devia-
tions from the typical trajectory are observed,
is important in setting ambitious, but “scien-
tifically based,” growth targets for school
accountability systems. Knowledge of growth
patterns also can be helpful in judging whether
specific curricula or interventions have a
meaningful impact on achievement by situat-
ing effect sizes within the context of typical
achievement growth for that age, grade, and
subgroup (Bloom et al., 2008).

A substantial body of longitudinal studies of
achievement growth in reading and mathemat-
ics is beginning to accumulate (e.g., Lee, 2010;
Shin, Davison, Long, Chan, & Heistad, 2013).
These studies generally depict growth in both
subject areas as rapid in the early grades and
diminishing as grade level increases (Bloom et
al., 2008; Lee, 2010; Shin et al., 2013). How-
ever, accurate depictions of achievement
growth for the SWD subgroup present a num-
ber of challenges. First, the corpus of longitudi-
nal studies of SWD achievement growth across
grades is quite limited. With a few exceptions
(e.g., Shin et al., 2013; Wei et al., 2011, 2013),
most studies of growth in the SWD population
have examined students in one or two disability

classifications only, primarily students with
speech or language impairments or learning
disabilities (e.g., Francis et al., 1996; Judge &
Watson, 2011; Morgan, Farkas, & Wu, 2011).
Second, the existing studies that examine
achievement growth in SWDs have varied on
multiple dimensions, including the age or grade
range studied, whether a typically achieving
comparison group was included, and whether
demographic characteristics were included as
predictors along with disability status. These
studies generally depict SWDs with lower
achievement than students without disabilities
initially, with the achievement gap remaining
stable or growing larger over time (Judge &
Watson, 2011; Wei et al., 2013). In addition,
SWDs follow the same ‘“growth-to-plateau”
pattern over grades observed in students with-
out disabilities (Francis et al., 1996; Morgan et
al., 2011; Wei et al., 2013). However, the pau-
city of studies and lack of consistency in meth-
odology limit the confidence with which
generalizations about achievement growth for
SWDs can be made.

Shifting classifications complicate the
interpretation of longitudinal studies of
achievement growth for students with
disabilities....

Last, just as the unstable nature of disability
classification affects portrayals of SWD
achievement within NCLB (Ysseldyke & Bie-
linski, 2002), shifting classifications compli-
cate the interpretation of longitudinal studies
of achievement growth for SWDs as well.
Given that the distribution of different disabil-
ity categories varies depending on the age
when disability membership is determined,
portrayals of SWD achievement growth and
achievement gaps across grades may depend
on the age or grade when group membership is
determined. In addition, the fact that a student
may enter or exit special education any time
during the course of a longitudinal study raises
the question of how to treat students who tran-
sition into or out of special education follow-
ing their initial assignment into the focal group
(SWD) or the comparison group (non-SWD).
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Judge and Watson (2011) explicitly exam-
ined whether time of SWD identification
affected depictions of mathematics achieve-
ment levels and growth in a longitudinal study
of students with learning disabilities (LD)
from kindergarten to fifth grade. They divided
students with LD into three groups depending
on when they were identified, comparing
early-emerging (kindergarten and first grade),
emerging (second and third grade), and late-
emerging (fourth and fifth grade) LD groups.
They found that all LD groups had lower
mathematics achievement in kindergarten than
the non-LD comparison group and that the
mathematics achievement gap increased over
time for each of the LD groups due to slower
growth relative to the growth in the non-LD
comparison group. Differences in growth
among the three LD groups were minimal.

In contrast, findings from Puranik et al.
(2008) suggest that groups of students who
differ in the timing of their exit from special
education may differ in achievement. They
compared within-year growth in oral reading
fluency in Grades 1 through 3 for students who
were identified with speech or language
impairments in first grade and then exited
from special education and students with
speech or language impairments who remained
in special education in Grades 2 or 3. Students
with language impairments who remained in
special education had markedly lower growth
in oral reading fluency than students with lan-
guage impairments who had exited special
education. This distinction was less important
for the students with speech impairments, who
showed oral reading fluency growth and levels
similar to the nondisabled comparison group,
regardless of whether they had exited from
special education or continued to receive ser-
vices in second and third grade.

In sum, SWDs are one of the targeted sub-
groups at risk for low achievement per NCLB.
However, unlike relatively stable characteris-
tics of students, such as gender or race or eth-
nicity, a student’s disability status can change
on an annual basis. Special education entrances
and exits appear to be related to students’
achievement, which means estimates of the
achievement gap and descriptions of

achievement growth for this population may
not accurately represent the entire population
of SWDs but only the subset who happen to be
present in special education at the point in time
when group membership was determined.

Research Questions

The purpose of the present study was to exam-
ine mathematics growth using three different
longitudinal methods for identifying the SWD
subgroup and to contrast achievement out-
comes from these methods with the results
obtained when SWD membership is deter-
mined on an annual basis, as specified in
NCLB. The mathematics achievement of a
statewide third-grade cohort of students was
followed for 5 years (2001-2005). The three
longitudinal methods were identification as an
SWD on the first wave of measurement (i.e.,
third grade), identification as an SWD any
time during Grades 3 to 7, and continuous
identification as an SWD across the 5 years.
These three longitudinal methods were con-
trasted with the cross-sectional approach used
in NCLB. For each of the methods of identify-
ing the SWD group, the total group of students
remained the same. Differences in growth and
achievement gap estimates were only a result
of changes in which children were assigned to
the SWD and non-SWD groups.

The specific research questions examined
were as follows:

1. Do cross-sectional and longitudinal
depictions of the mathematics achieve-
ment gap across grades differ?

2. Does the characterization of mathe-
matics achievement growth change
when the method for identifying the
SWD subgroup varies?

Method

Study Database and Analytic Sample

The study data set represented all 2000-2001
students who were in third grade for the first
time that year (i.e., not repeating third grade)
and who were present in the state’s large-scale
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achievement database (V= 103,123). To create
an analytic sample that was appropriate for
our research questions, we systematically
excluded a number of individuals. Among those
excluded were 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%), students who never participated in the
large-scale mathematics test in any of the
Grades 3 to 7 (n = 1,729; 1.7%), and students
with missing values on predictor variables.
Eighteen students were missing an ethnicity
code, 11 were missing gender codes, and 1,206
(1.2%) had no code for parental education. We
also excluded 30 students coded as “other”
ethnicity in 2001 because the category was
dropped in subsequent years. Students in
exceptionality categories with a sample size of
100 or less in third grade (multiple disability,
orthopedically impaired, traumatic brain injury,
and visually impaired; n = 321, <1%) and stu-
dents with missing exceptionality codes for
third grade (n =314, <1%) also were excluded.
After any student who met one or more of
these exclusionary criteria was eliminated, the
analytic sample comprised 92,045 students
(89.3% of the original sample).

Students who were present in the database
in 2000-2001 were matched to all succeeding
years through Grade 7 (2004-2005). New stu-
dents entering the system in future years were
not added to the cohort (e.g., new Grade 4 stu-
dents in 2001-2002, new Grade 5 students in
2002-2003). We tracked the cohort only
through seventh grade because the state
administered a new edition of the mathemat-
ics test in 2005-2006, 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 score on the mathematics general
assessment during the study period. Of the
92,045 students in the analytic sample, 80.9%
had mathematics scores in all 5 years, another
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. Student test data could be
missing because a student moved out of state
or to a nonparticipating private school or

because the student took an alternate assess-
ment in that year.

Given the large sample sizes, changes of
less than 1% in demographic characteristics
were statistically significant. Therefore, we
used Cohen’s h, a measure of effect size for
differences in proportions to examine the
extent to which the two samples differed. Val-
ues of h ranged from .01 to .07; all would be
considered small using Cohen’s interpretive
guidelines for this statistic (Cohen, 1988, pp.
184-185).

After creating the analytic sample, we
divided the sample into students with and
without disabilities (SWD and non-SWD)
using four different decision rules for deter-
mining membership in the SWD group: (a)
participation in special education determined
for each year separately, as in NCLB (special
education in current year); (b) participation in
special education in third grade (special educa-
tion at Wave 1); (c) participation in special
education for at least one grade during the
third- to seventh-grade span (ever in special
education); and (d) participation in special
education in all grades from 3 to 7 (always in
special education). The non-SWD group for
each method of determining SWD status con-
sisted of any student who was not classified as
an SWD based on the SWD criterion being
applied. Table 1 depicts the demographic char-
acteristics for the SWD and non-SWD groups
with the three longitudinal methods of identi-
fying SWD. The fourth identification method,
special education in current year, resulted in a
changing group of SWD in each grade. This
group’s demographic characteristics were
identical to the demographic characteristics
for the group in special education at Wave 1 in
Table 1 (because in third grade, both groups
were defined by special education participa-
tion in that grade). In subsequent grades, the
demographic characteristics for the SWD and
non-SWD subgroups in special education in
the current year generally varied by only a
small amount from the third-grade figures.
(More detailed information on the grade-to-
grade demographic changes when the SWD
subgroup is defined annually is available from
the authors at www.NCAASE.com.)
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Table I. Characteristics of Students With (SWD) and Without Disabilities (Non-SWD) With the

Three Longitudinal Methods of Identifying SWDs.

Basis for identifying SWD group

Special education at Wave |

Ever in special education

Always in special education

Characteristic Non-SWD SWD Non-SWD SWD Non-SWD SWD
n 81,179 (88.2) 10,866 (11.8) 77,079 (83.7) 14,966 (16.3) 86,497 (94.0) 5,548 (6.0)
Female 42,819 (52.7) 3,545 (32.6) 41,333 (53.6) 5,031 (33.6) 44,671 (51.6) 1,693 (30.5)
Ethnicity
American Indian 1,166 (1.4) 187 (1.7) 1,077 (1.4) 276 (1.8) 1,258 (1.5) 95 (1.7)
Asian 1,720 (2.1) 71 (0.7) 1,668 (2.2) 123 (0.8) 1,765 (2.0) 26 (0.5)
Black 22,640 (27.9) 3,456 (31.8) 21,252 (27.6) 4,844 (32.4) 24,000 (27.7) 2,096 (37.8)
Hispanic 4,233 (5.2) 322 (3.0) 4,020 (5.2) 535 (3.6) 4,413 (5.1) 142 (2.6)
Multiracial 1,458 (1.8) 181 (1.7) 1,386 (1.8) 253 (1.7) 1,545 (1.8) 94 (1.7)
White 49,962 (61.5) 6,649 (61.2) 47,676 (61.9) 8,935 (59.7) 53,516 (61.9) 3,095 (55.8)
Limited English 2,555 (3.1) 169 (1.6) 2,368 (3.1) 356 (2.4) 2,649 (3.1) 75 (1.4)
Free/reduced lunch 31,744 (39.1) 5,522 (50.8) 29,729 (38.6) 7,537 (50.4) 34,137 (39.5) 3,129 (56.4)
Parental education
level
M (range 1-6) 3.1 2.6 3.1 2.6 3.1 2.4
SD 1.5 1.4 1.5 1.4 1.5 1.3
Cases with complete 67,273 (82.9) 7,172 (66.0) 63,966 (82.9) 10,586 (70.7) 70,605 (81.6) 3,840 (69.2)

achievement data

Note. Percentages shown in parentheses.

Measures

Mathematics Achievement. For all analyses
reported, the outcome measure was the stan-
dardized, second-edition North Carolina End
of Grade (EOG) Test score in mathematics.
The North Carolina EOG Mathematics Tests
are multiple-choice tests designed to measure
competency goals and objectives that 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 (North Caro-
lina Department of Public Instruction, 2006).
There were a total of 80 items across these
four areas at each grade, 30% calculator inac-
tive, 70% calculator active, on the second edi-
tion of the test.

Scores from the North Carolina mathemat-
ics tests are reported as developmental scale
scores and proficiency levels. The develop-
mental scale is constructed using a three-
parameter logistic item response theory
model (Thissen & Orlando, 2001). To allow

comparisons across years, the state has per-
formed vertical linking using a common-
items design in which adjacent grades are
forward linked to create a common develop-
mental scale that spans all grades.

Reliability and validity information for the
EOG Mathematics Tests (second edition) is
summarized in a technical report (North Caro-
lina Department of Public Instruction, 2006).
Internal consistency reliability estimates
(coefficient alpha) for the EOG Mathematics
Tests ranged from .94 to .96 for Grades 3
through 8. These estimates were the same
when examined separately by gender, ethnic-
ity, disability status, or limited English profi-
ciency status. Evidence of both content and
criterion-related validity includes analyses of
how well items are aligned with the four con-
tent strands and correlations of student scores
with teacher judgments of expected mathe-
matics test scores and grades.

Student Background Variables. All student
background variables were obtained from the
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test files used to construct the longitudinal
database. Demographic information was
coded onto answer sheets at the school level.
Parental educational level was rated on an
ordinal six-point scale where 1 was did not
finish high school and 6 was graduate school
degree.

Analytic Methods

The four methods of identifying the SWD
subgroup were contrasted using two different
approaches to describing and estimating
mathematics growth. First, we used descrip-
tive statistics to provide an overall picture of
growth. We calculated the mean mathematics
score at each grade for students with and with-
out disabilities using each of the four methods
of identifying special education students. As
part of this descriptive analysis, we also
examined the number of students participat-
ing in the general assessment in mathematics
at each grade.

Second, we modeled student mathematics
growth using multilevel, longitudinal analy-
ses (Raudenbush & Bryk, 2002). We modeled
mathematics growth only with the identifica-
tion methods that produced a consistent group
of SWDs across grades (omitting the method
for current year in special education) and con-
ducted three separate sets of multilevel analy-
ses, with each set examining growth in special
education students using one of the three
remaining ways of identifying students as
SWD (special education at Wave 1, ever in
special education, and always in special edu-
cation). Time was centered at the first occa-
sion (Grade 3). Because the multilevel
modeling approach to longitudinal analysis
does not require data to be balanced within
subjects (Raudenbush & Bryk, 2002), we
included student data from any available time
point even when data from other time points
were missing.

For each of the three sets of multilevel
analyses, we first applied an unconditional
growth model followed by conditional models
that added student disability status and stu-
dent demographic variables as predictors. All
multilevel analyses were conducted using

HLM 7.0 (Raudenbush, Bryk, Cheong, Cong-
don, & du Toit, 2011), full maximum likeli-
hood estimation, and specification of model
parameters as random effects. Both quadratic
and cubic models showed good fits with the
data. However, based on analyses reported
elsewhere (Stevens, Schulte, Elliott, Nese, &
Tindal, 2014), a quadratic model was deter-
mined to be the most parsimonious descrip-
tion of the data. The initial Level 1 model can
be described as follows:

Y, =m,, +m, (time) + m,, (time squared) +e,, (1)

where Y is the mathematics scale score, T, is
the initial status or intercept, U is the 1n1t1a1
linear rate of change, T, _1is the curvature in
each student’s growth trajectory, and e, is the
residual for each student.
At Level 2, the Level 1 parameters (m,,

and m,) were modeled using student level
predictors. All dichotomous predictors were
uncentered and the parental education vari-
able that had multiple categories was grand
mean centered. The Level 2 equations for the
mathematics initial status and growth rate
parameters were as follows:

Initial Status, ©,, = B, +ZB,, (Predictor,)

T @
Linear Change, n,, = 8,, + 2p,, (Predictor,) 3)
+r,; and

Curvature, , = B,, +ZB,, (Predictor,) + ,;, (4)

where each Level 1 parameter was predicted
by student disability status and demographic
characteristics.

Results

Descriptive Statistics

Average Observed Growth for Students With and
Without Disabilities. Table 2 provides the
means and standard deviations of mathematics
scale scores by grade for all students in the
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Table 2. Mathematics Scale Score Means and Standard Deviations by Grade When Students With
Disabilities (SWD) Identification Is Based on Special Education Status Determined Annually.
Grade
Basis for disability group inclusion 3 4 5 6 7
All students
n analytic sample 92,045 86,654 82,994 80,741 78,754
n tested 90,017 84,529 82,153 80,296 78,135
% tested (of analytic sample) 97.80 97.55 98.99 99.45 99.21
M 251.44 257.39 263.22 267.15 270.15
SD 7.49 821 8.68 9.18 10.88
Special education in current year
Non-SWD
N analytic sample 81,179 75,928 72,785 71,317 69,976
N tested 80,045 75,536 72,738 71,265 69,875
% tested 99.05 99.48 99.94 99.93 99.86
M 251.99 258.04 264.13 268.26 271.33
SD 7.31 8.05 827 8.62 10.45
SWD
n analytic sample 10,866 10,726 10,209 9,424 8,778
n tested 9,612 8,993 9,415 9,031 8,260
% tested 88.46 83.84 92.22 95.83 94.10
M 246.84 251.93 256.15 258.45 260.13
SD 7.46 7.47 8.58 8.79 9.13
Achievement gap effect size -0.69 -0.74 -0.92 -1.07 -1.03

analytic sample and for the SWD and non-
SWD groups when SWD status was defined
annually as in NCLB. Table 3 provides the
means and standard deviations of mathematic
scale scores by grade for the SWD and non-
SWD groups for each of the three methods of
identifying SWDs that were stable across time.
A complicating factor in characterizing growth
in achievement across grades for SWDs is that
an individual student’s participation in the
general or alternate assessment can vary from
year to year (Chudowsky, Chudowsky, &
Kober, 2009). For this reason, Tables 2 and 3
report the number of students present in each
grade but also report the percentage of stu-
dents (of those present that year) for whom
scores on the general mathematics assessment
were available. The percentage of students
who were present who had test scores was
large and quite stable across grades for the
non-SWD group (98% to 99%) but more vari-
able in the SWD subgroup, regardless of which
identification method was used to identify

who was in the SWD subgroup. The lowest
percentage tested figures were for the SWD
group always in special education (see Table
3). Using this SWD identification method, we
found the percentage of students participating
in the general assessment for mathematics
ranged from 76% to 94% per year.

As is evident in Tables 2 and 3, the means
for the non-SWD groups tracked each other
closely across grades, regardless of how the
SWD group was composed. In addition, the
means for the SWD groups in special educa-
tion at Wave 1 and ever in special education
were quite similar across grades and higher
than the other two methods for classifying
SWD status. In contrast, after the 1st year
(where the groups for current year in special
education and special education at Wave 1
were the same children), the cross-sectional
approach to determining SWD membership
consistently resulted in lower mean mathe-
matics achievement than the SWD groups in
special education at Wave 1 and ever in



378 Exceptional Children 81(3)

Table 3. Mathematics Scale Score Means, Standard Deviations, and Achievement Gap Effect Sizes Using
Three Longitudinal Methods of Identifying Students With Disabilities (SVWD).

Grade
Basis for disability group inclusion 3 4 5 6 7
Special education at Wave |
Non-SWD
n analytic sample 81,179 76,491 73,263 71,266 69,586
n tested 80,045 75,948 73,155 71,170 69,453
% tested 99.05 99.29 99.85 99.87 99.81
M 251.99 257.95 263.98 268.07 271.13
SD 7.31 8.07 833 8.72 10.55
SWD
n analytic sample 10,866 10,214 9,735 9,488 9,274
n tested 9,612 8,588 9,000 9,126 8,783
% tested 88.46 84.08 92.45 96.18 94.71
M 246.84 252.51 257.07 260.05 262.43
SD 7.46 7.84 9.02 9.57 10.33
Achievement gap effect size -0.69 —-0.66 -0.80 -0.87 -0.80
Ever in special education
Non-SWD
n analytic sample 77,079 72,406 69,321 67,414 65,834
n tested 76,381 72,038 69,282 67,358 65,747
% tested 99.09 99.49 99.94 99.92 99.87
M 252.29 258.26 264.32 268.46 271.57
SD 7.18 7.96 8.18 8.54 10.41
SWD
n analytic sample 14,966 14,299 13,677 13,340 13,026
n tested 13,636 12,948 12,873 12,938 12,489
% tested 9l.11 87.40 94.12 96.99 95.88
M 246.65 252.40 257.30 260.37 262.70
SD 742 7.83 8.90 9.39 10.22
Achievement gap effect size -0.75 -0.71 -0.81 -0.88 -0.82
Always in special education
Non-SWD
n analytic sample 86,497 81,157 77,450 75,206 73,312
n tested 85,508 80,338 77,264 75,069 73,136
% tested 98.86 98.99 99.76 99.82 99.76
M 251.78 257.75 263.77 267.85 270.90
SD 7.36 8.10 841 8.80 10.60
SWD
n analytic sample 5,548 5,548 5,548 5,548 5,548
n tested 4,509 4,198 4,891 5,227 5,100
% tested 81.27 75.67 88.16 94.21 91.93
M 245.01 250.55 254.53 257.18 259.37
SD 7.06 7.22 8.38 8.65 9.01
Achievement gap effect size -0.90 -0.88 -1.06 -1.16 -1.06

special education. Figure 1 depicts the mean non-SWD membership is determined at Wave
achievement across grades when SWD and 1 versus reconstituted annually.
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Figure 1. Observed mathematics means for students with disabilities (SWD) and without disabilities
(non-SWD) when disability status is based on special education membership in third grade versus

determined annually.

Achievement Gap Effect Sizes. Tables 2 and 3
also report achievement gap effect sizes, which
describe mean differences between SWD and
non-SWD groups at each grade divided by the
standard deviation for all students at that
grade. The achievement gap effect sizes based
on cross-sectional, year-by-year identification
of special education status depict the achieve-
ment gap widening across grades, increasing
from —0.69 in third grade to more than a stan-
dard deviation by Grades 6 and 7 (see Figure
2). A somewhat different picture emerges by
examining the three SWD groups where a sta-
ble cohort of students is identified over grades.
The achievement gaps for the SWD groups in
special education at Wave 1 and ever in special
education tend to be smaller than the achieve-
ment gaps when SWD membership is deter-
mined annually and, after Grade 4, result in
achievement gaps that are similar to each other
and relatively stable over time. At all grades,
the achievement gap is largest for the SWD
group always in special education, and the gap
widens to more than a standard deviation in
Grades 5to 7.

Multilevel Growth Models

The first step in the multilevel growth model-
ing analyses was the calculation of an uncon-
ditional random-effects growth model. Across
all students, the estimated mean mathematics
scale score in third grade was 251.08. The
average initial linear change was a statisti-
cally significant growth rate of 6.92 points per
grade (z = 520.02, SE = 0.01, p <.001). The
curvature in the growth function was also sig-
nificantly different from zero (z = —163.89,
SE =0.003, p <.001) and was estimated as an
average deceleration in growth of —0.55 scale
score points. Inspection of the variance com-
ponents for each parameter (intercept, linear
change, curvature) showed that there was sig-
nificant variation in parameters across stu-
dents for all three random-effect model
parameters (p <.001).

We then applied a conditional model that
added predictors for SWD status and student
demographic and background characteristics.
We repeated this analysis three times, each
time changing only the criterion for identifying
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Figure 2. Achievement gap effect sizes for four different methods of identifying students with

disabilities (SWD).

SWD (special education at Wave 1, ever in spe-
cial education, or always in special education).
The results for all three conditional analyses
are presented in Table 4. The estimated inter-
cept in each of the three models represents the
average mathematics achievement in Grade 3
for White male students who were non-SWD
(by the SWD identification criteria used in the
particular model), not limited English profi-
cient or receiving a free or reduced lunch, and
whose parent education level fell at the grand
mean. The differences in the intercept across
the three analyses are the result of changes in
the reference group because the composition of
the non-SWD group changes somewhat with
each SWD identification method.

The difference in intercept or initial status
in Grade 3 between the non-SWD reference
group (i.e., the group coded zero on all vec-
tors) and SWD group was significant regard-
less of how the SWD group was identified
(p < .001). The largest difference (—6.21)
occurred when the SWD group was identified

on the basis of continuous placement in spe-
cial education (always in special education),
meaning that after controlling for student
demographic characteristics, being in the
SWD group always in special education was
associated with a 6.21-point lower score in
mathematics in third grade. The intercept
coefficients for special education status using
the identification criterion of being in special
education at Wave 1 or having ever been in
special education were similar (=5.01 vs.
—5.30). Given that the SWD group in special
education at Wave 1 was composed exclu-
sively of students who were in special educa-
tion in third grade, and the SWD group ever in
special education included students who had
yet to be placed in special education, the simi-
lar intercept coefficients for the two groups
suggest that the students identified after
Grade 3 (who are the additional students ever
in special education) were evidencing lower
achievement prior to their placement in spe-
cial education.
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In terms of demographic characteristics
and their relationship to students’ initial sta-
tus, across all three models, students who
were female, were limited English proficient,
qualified for a free or reduced-price lunch, or
were Black, Hispanic, or American Indian
showed significantly lower levels of achieve-
ment (p <.001) than students in the reference
group. Students who were Asian or whose
parents had educational levels higher than
average showed higher initial achievement in
all three models, with one exception: When
using the criterion of having ever been in spe-
cial education for identifying SWDs, the ini-
tial achievement for Asian students did not
differ significantly from the reference group.

In terms of slope, the reference group
showed a significant rate of linear change of
just less than seven points per year, regardless
of how the SWD group was identified. In each
analysis, SWDs showed lower growth in con-
trast to the reference group, with slope coef-
ficients differing by more than a factor of two
depending on the SWD identification criteria
(ever in special education, —0.39; special edu-
cation at Wave 1, —0.64; always in special
education, —0.92). Linear growth also varied
significantly by student demographic charac-
teristics. Students who were Asian, Black, or
Hispanic showed significantly higher initial
growth compared to the reference group,
whereas students who were receiving free or
reduced lunch or who were American Indian
showed lower growth on average. Coeffi-
cients for demographic characteristics were
quite similar regardless of the criterion used to
identify the SWD group.

For the quadratic term, the reference group
in each analysis had a statistically significant
deceleration in growth rate of about —0.5 scale
score points per year. The SWD group decel-
eration did not differ from that of the reference
group, except when the criterion of having ever
been in special education was used. Then, the
SWD group showed a small, but significant,
moderation in deceleration. Moderation in the
deceleration rate was also found across the
three analyses for students whose parents had
higher levels of education, for females, and for
students who were American Indian compared

to students in the reference group. Significantly
more deceleration was observed for students
who were Asian, Black, or Hispanic.

There was a substantial subset of
students who were identified as general
education students in some grades and

special education students in other
grades....

Discussion

The present study used a statewide longitudi-
nal sample to examine mathematics gaps and
growth in students with and without disabili-
ties. Based on concerns that the present way
of identifying the SWD subgroup in NCLB
may not accurately characterize achievement
gaps, and that single versus multiple time
point definitions of disability status may yield
different descriptions of growth for disability
groups, we contrasted depictions of the
achievement gap and growth for SWDs with
four identification methods.

NCLB reporting typically identifies stu-
dents as belonging to the SWD subgroup on a
year-by-year basis. Across the span of Grades
3 to 7, this method identified approximately
12% of students each year as belonging to the
SWD subgroup in this sample. This figure is
slightly lower than national estimates of the
percentage of students served in special educa-
tion as a percentage of total school enrollment
(approximately 13%,; U.S. Department of Edu-
cation, Office of Special Education Programs,
2012) but is comparable considering that stu-
dents consistently taking the alternate assess-
ment were not included in the sample.

When examined longitudinally, just over
16% of students in the present sample were
identified as special education students at
some time between third and seventh grade.
Although there was a stable core of students
who remained in special education across all
grades, composing about 6% of all students in
the present study, there was a substantial sub-
set of students who were identified as general
education students in some grades and special
education students in other grades.
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Major Findings

The first research question posed was whether
cross-sectional or longitudinal depictions of
the achievement gap across grades for the
SWD subgroup differed. Regardless of
whether the identification method used to
compose the SWD subgroup was cross-sec-
tional or longitudinal, a substantial gap
between the achievement of SWDs and non-
SWDs was observed at each grade level. How-
ever, the gap widened more across grades
when SWD subgroup membership was
allowed to vary by year as in NCLB. These
findings reinforce concern over the under-
achievement of the SWD subgroup (Wagner et
al., 2006) but also suggest that alternate ways
of portraying the achievement gap are needed
to obtain an accurate picture of how students
who are placed in special education fare as
they progress through school, as suggested by
Ysseldyke and Bielinski (2002). The

Cross-sectional portrayals of the
achievement gap frequently reported in
the research and policy literature may
underestimate academic growth for
SWDs.

Inferences about how children grow aca-
demically and how this growth is influenced
by intrinsic and extrinsic factors, such as dis-
abilities or school environments, are most
likely to be accurate when they are made on
the basis of examining change over time within
individuals. Modeling the growth of a target
group of students where the distinguishing
characteristic, such as disability status, can
change over time requires that the researcher
or policy maker decide how to operationalize
the target group. The second research question
posed was whether the characterization of
achievement growth changed when the method
of identifying the SWD group was altered. In
the multilevel modeling portion of this study,
regardless of the identification criterion used
to form the SWD group, growth was curvilin-
ear across grades, and the intercept and linear
slope coefficients for disability status were
negative, meaning the SWD subgroup showed

lower initial achievement and slower growth.
The decelerating curvilinear growth pattern
has been observed in most growth studies of
mathematics achievement, for both students
with and without disabilities (e.g., Lee, 2010;
Wei et al., 2013). Although the three different
SWD identification methods examined here
all resulted in negative intercept and linear
slope coefficients, the extent of the deficits
varied depending on the SWD identification
criterion used. As in the Puranik et al. (2008)
study, students identified based on a continued
need for special education services (always in
special education) were the farthest behind
and experienced the least growth across
grades. Students identified on the basis of
third-grade status (special education in Wave
1) or any time in Grades 3 to 7 (ever in special
education) had higher and similar third-grade
achievement and growth across grades.

These results add to the body of studies
reporting slower mathematics achievement
growth for students with disabilities (Judge &
Watson, 2011; Morgan et al., 2011) and extend
them by including both a broad range of
exceptionalities and a comparison group of
students without disabilities and by clarifying
the ways in which depictions of growth may
vary based on how consistently students are
served in special education over time. By
including both disability status and demo-
graphic characteristics in the growth models,
this study also allowed the impact of disability
status on achievement level and growth to be
estimated while controlling for differences in
demographic characteristics between students
with and without disabilities. The study’s
findings relative to demographic characteris-
tics were similar to those reported in previous
research. For example, being female, Black,
Hispanic, or eligible for free or reduced-price
lunch all were associated with lower initial
levels of mathematics achievement, as in pre-
vious studies (Shin et al., 2013; Wei et al.,
2011). However, unlike some studies (e.g.,
Morgan et al., 2011; Wei et al., 2011), we
observed more rapid mathematics growth for
students who were Hispanic or Black. Most
previous growth studies have used nationally
normed mathematics tests; in contrast, the
mathematic test employed in the present
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study was designed to align with the mathe-
matics curriculum students received. It may
be that closer curriculum—test alignment
made the test more sensitive to differences in
mathematics growth, or perhaps the large
sample size in the present study provided
more power to detect small differences in
mathematics growth across grades.

Policy and Research Implications

The primary purpose of this study was to
examine whether the way in which a disability
subgroup is composed can affect portrayals of
achievement gaps and growth. In both cases,
the answer to the question is yes. Most notable
in terms of the achievement gap was the differ-
ence in the size of the achievement gap when
the SWD subgroup was identified with a
method that tracked students from special edu-
cation into general education (special educa-
tion in Wave 1 and ever in special education),
rather than including only students currently
participating in special education. This finding
suggests that alternate methods of identifying
the SWD subgroup for NCLB or other public
reporting of disaggregated test results should
be considered that include tracking students
after they leave special education. Adding to
the argument for including students who have
exited special education in the SWD subgroup
is the fact that these students appear to con-
tinue to be at risk for low mathematics achieve-
ment and growth, as indicated by the
achievement gaps and slower growth observed
even when the SWD subgroup included stu-
dents who had exited special education.

It is likely, however, that neither of the iden-
tification methods examined here that tracked
SWDs as they entered general education would
be acceptable alternatives for use in public
reporting of subgroup outcomes as required by
NCLB or other accountability programs that
may be implemented in the future. The crite-
rion of being in special education in Wave 1
would fail to include the substantial number of
students who were identified for special educa-
tion after Grade 3, and the criterion of ever hav-
ing been in special education can be applied
only retrospectively, once the full group of stu-
dents who were identified across grades is

known. However, this study does support the
utility of exploring reporting alternatives that
include outcomes for a more broadly defined
SWD subgroup. For example, each year, SWD
subgroup reporting might include all students
identified for special education in the current
and previous years or include students for a set
time period after they exit special education, as
is already done in some states.

[A] system that tracks students’ growth
longitudinally would provide...more
information about whether individual
Students are responding to instruction....

It is important to note that regardless of how
the SWD group was constituted, substantial
achievement gaps were observed between SWDs
and non-SWDs at each grade, as was slower
growth for the SWD subgroup in all of the
growth analyses. Given that closing the achieve-
ment gap would require more rapid growth in
mathematics achievement for the SWD sub-
group, these findings suggest that substantial
changes may be needed in the type or intensity of
mathematics instruction for SWD if the achieve-
ment gap is to be narrowed or closed. What types
of instructional changes will produce accelerated
mathematics growth for SWDs, particularly
given the transition to the rigorous Common
Core State Standards (National Governor’s
Association Center for Best Practices & Council
of Chief State School Officers, 2010) is not
known, although previous research suggests that
early intervention, explicit instruction, and devel-
opment of foundational skills are likely to be
fruitful strategies for enhancing mathematics
outcomes for SWDs in both general and special
education settings (Gersten et al., 2009; Powell,
Fuchs, & Fuchs, 2013).

The finding of slower growth in the SWD
subgroup suggests that it is likely the SWD
subgroup would continue to underperform in
mathematics relative to non-SWDs even if
growth-based accountability models replaced
NCLB'’s (2002) status model. However, a sys-
tem that tracks students’ growth longitudinally
would provide school staff and policy makers
with more information about whether individ-
ual students are responding to instruction or



Schulte and Stevens

385

falling further behind their nondisabled peers
as they progress across the grades.

Although the number of longitudinal
research studies examining the mathematics
and reading achievement growth of SWDs is
increasing (e.g., Shin et al., 2013; Wei et al.,
2011, 2013), these studies have varied in how
the disabilities subgroup was composed. By
holding the group of students constant, but
varying the criteria for determining which stu-
dents are considered to exhibit a disability,
this study suggests that some of the variation
found in growth study results for SWDs may
be a result of the age at which students are
identified or the stringency of the inclusion
criteria. More research is needed that explic-
itly examines how achievement growth esti-
mates for groups whose composition may
change by age or grade are affected by the
identification methods used in forming the
focal and comparison groups. In addition, the
choice of the age or grade at which group
membership is determined should be an
explicit aspect of longitudinal study design.

Limitations

As with any study, there are a number of limita-
tions that must be taken into account when the
study results are considered. First, a number of
students were excluded from the analytical
sample, including students who participated in
alternate assessments across all grades, were
retained, or were missing demographic infor-
mation. The deletions on the basis of grade
retention and lack of participation in the general
assessment are likely to have resulted in a sam-
ple that was achieving at a higher level than a
complete sample of SWDs. Second, this study
made use of large-scale assessment data from
only one state rather than a nationally represen-
tative sample. Identification criteria for excep-
tionality categories and SWD prevalence vary
by state, which makes the extent to which these
results generalize to outcomes for the SWD
subgroup with other state assessment systems
unknown. Third, this study examined only
mathematics achievement, and reading achieve-
ment results may differ. Finally, differences in
growth model results were not tested directly
due to the overlap in the students identified with

the three longitudinal methods. Although the
sample size offers some assurance that the dif-
ferences among SWD subgroup results found in
the multilevel growth modeling analyses were
robust, future studies should be designed to
allow direct tests of these comparisons and rep-
lication with data from other states.

In sum, this study is a first step in examining
the complexity of addressing questions about
the growth of SWDs. Continued efforts to move
beyond the “fuzzy data” (Chudowsky et al.,
2009, p. 1) presently available about outcomes
for SWDs to accurate depictions of their
achievement and growth are essential to close
the achievement gap. Such efforts will also
assure that schools have accurate information
about when their efforts to serve this population
are successful or are falling short of the goal of
having all students reach their full potential.

Authors’ Note

Shortly before this issue of Exceptional Children
went to press, the United States Department of
Education announced the creation of Results-
Driven Accountability (RDA). Under the RDA, the
Department will also include educational results
and outcomes for students with disabilities in mak-
ing each state’s annual determination under the
Individuals with Disabilities Education Act (IDEA).
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