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Background: An enduring question about achievement gaps is, which aspects of schools con-
tribute most? At the early grade levels, when children spend the vast majority of their school
day in a single classroom with a single teacher, school inequities that corvelate with achieve-
ment gaps likely originate within the classroom. This study examined the degree to which three
potential sources of classroom-based inequality contribute to reading and math achievement
gaps that develop during first grade, including classroom context, access to a qualified teach-
ers, and access to an effective teacher. The study also estimated the degree to which these effects
are manifested among classrooms within the same school and between classrooms at different
schools, which has implications for policy and practice.

Population: A nationally representative sample of first graders from the Early Childhood
Longitudinal Study was used. An important feature of ECLS data is that students were ad-
ministered reading and math achievement tests near the beginning and near the end of first
grade. This sampling design allows for the estimation of student achievement gains during
first grade that does not include the summer period, which has confounded past efforts to
study achievement gaps.

Research Design: Multilevel models were used to estimate classroom-specific and school-spe-
cific random effects (i.e., residuals), which are conceptualized as within- and between-school
classroom effects. These random effects were then used as outcomes to estimate the degree to
which within- and between-school classroom effects contribute to Black—White and Hispanic—
White achievement gaps that develop during first grade. Covariates for classroom context,
access to a qualified teacher, and access to an effective teacher were entered into the model
hierarchically to isolate their effects on the gaps.

Conclusions: Classroom inequality within and between schools contributed substantially to
achievement gaps that developed during first grade. Inequality in contextual aspects of class-
rooms was the most prominent school-based factor, the majority of which originated from class-
rooms in different schools rather than classrooms in the same school. However, compared to
White children attending the same school, Black children tended to be members of a classroom
with more negative contextual characteristics and a less effective teacher. This within-school
inequity likely stems from non-random assignment of students to teachers. Finally, Black and
Hispanic children were slightly less likely to be taught by a highly qualified teacher. However,
that inequity did not significantly contribute to achievement gaps.
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An important objective of public education is to provide all children with
an opportunity to learn and excel in school. Yet substantial school-based
inequalities exist that undermine learning for underrepresented minority
(URM'") children, contributing to what is often referred to as achievement
gaps. The literature has documented a number of school-based factors that
contribute to these gaps (Betts, Zau, & Rice, 2003; Coleman et al., 1966;
Greenwald, Hedges, & Laine, 1996; Murnane, Willett, Bub, & McCartney,
2006). However, at the early grade levels where children spend the vast
majority of their school day in a single classroom with a single teacher,
school-based inequity is likely be predominantly transmitted in the class-
room. The present study examines the degree to which inequalities in
three general types of classroom effects contribute to achievement gaps
that develop during first grade, including contextual aspects of the class-
room, access to qualified teachers, and access to effective teachers.

A shortcoming in the research literature on how teachers contribute
to inequity is that it largely ignores the fundamental issue of access to
effective teachers in terms of their contributions to student learning,
and instead focuses primarily on access to qualified teachers. Similarly,
the most prominent federal policy intervention for addressing achieve-
ment gaps (i.e., NCLB) does not address the issue of access to effective
teachers, instead focusing on equitable access to qualified teachers in
terms of certifications and degrees. This research and policy focus is prob-
lematic because, while it is easier to regulate teachers in terms of their
qualifications than their effectiveness, the literature on the relationship
between teacher qualifications and student learning is conflicting, with
many studies concluding that there is little or no relationship (Palardy
& Rumberger, 2008). Therefore, it is unclear whether assuring equitable
access to qualified teachers will address achievement gaps. Furthermore,
that focus distracts from the more essential issue of assuring equitable ac-
cess to effective teachers.

Another limitation of the research literature on school-based factors
that contribute to inequality in the early grades is the lack of differentia-
tion between classroom and school effects. In particular, there is a dearth
of research on how contextual characteristics of classrooms, as opposed
to contextual characteristics of schools, contribute to achievement gaps
(Abt Associates, 1997). This classroom-versus-school distinction is relevant
because effective interventions targeting classroom factors will likely differ
from those targeting school factors. Variation in the contextual character-
istics of classrooms, teacher characteristics, and the effectiveness of teach-
ers in the same school are sources of classroom effects, which are referred
to as “within-school” classroom effects. Variation in mean classroom char-
acteristics, mean teacher characteristics, and mean teacher effectiveness
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among schools are sources of school effects, which is referred to as the
“between-school” classroom effect.

While it is obvious that teachers within the same school tend to vary in
their effectiveness, it is less evident that the contextual characteristics of
classrooms in the same school may vary. Contextual differences, including
student composition, may occur arbitrarily during student assignment.
Contextual difference may also be the result of strategic planning. For ex-
ample, some research suggests that principals occasionally assign children
with certain characteristics to certain classrooms in an effort to counter-
balance other perceived issues (Burns & Mason, 2002). Principals may
also assign students who have certain characteristics to teachers who are
perceived to have a willingness, capacity, or specialized training to con-
structively work with those students. These student assignment strategies
can create contextual imbalances across classrooms in the same school
that potentially contribute to achievement gaps. Ignoring these potential
within-school effects when modeling achievement gaps can result in in-
correct conclusions about the origin of achievement gaps. This can lead
to misguided solutions because the appropriateness of interventions for
addressing the gaps depends in part on their origin. For this reason, it is
critical to consider both within- and between-school components when
modeling achievement gaps.

BACKGROUND AND LITERATURE

Achievement gaps, particularly between Black and White children, have
received considerable attention from educational researchers since the
beginning of the civil rights movement (Conant, 1961; Jencks & Phillips,
1998). The Coleman Report was the first large-scale study that examined
racial differences in achievement, finding significant Black-White gaps
at each grade level that tended to increase with grade levels (Coleman
etal., 1966). Trend data reveals that much progress was made during the
’60s, *70s, and "80s toward reducing achievement gaps, and research has
linked this progress to federal and state programs designed to improve
educational opportunities for Black and Hispanic children (Grissmer,
Flanagan, & Williamson, 1998; Hedges & Nowell, 1998). For example,
Title I funding, which targets schools with high numbers or percentages
of children from low-income families (these schools also tend to serve
high proportions of URM children), increased substantially during these
decades (Grissmer et al., 1998). In addition, for an approximately 15-year
period beginning in the mid-1960s, progress was made toward desegregat-
ing schools through busing, redistricting, and other methods (Orfield,
2005). These and other programs altered the context of minority-serving
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schools either by increasing the level of available resources or by changing
the composition of the student body. Due in part to those programs, the
rate of progress toward achievement parity was such that by the mid-1980s
some scholars projected that ethnic achievement gaps would close by the
turn of the century. However, since the 1990s the rate of progress in clos-
ing achievement gaps has fluctuated, at times abating or even reversing
(Lee, 2002; Magnuson & Waldfogel, 2008). Although trend data indicates
that achievement gaps are smaller today than reported by Coleman et al.
(1966), they remain substantial (Gamoran & Long, 2006).

CLASSROOM-BASED FACTORS CONTRIBUTING TO ACHIEVEMENT
GAPS

Many factors are known to be associated with URM achievement gaps
in the early grades. Of those factors the most prominent are students’
family and academic backgrounds (Berliner, 2006, 2014; Lee & Burkam,
2002; Phillips, Brooks-Gunn, Duncan, Klebanov, & Crane, 1998), partic-
ularly socioeconomic status (SES) (Brooks-Gunn, Duncan, & Klebanov,
1994; Duncan & Magnuson, 2005; Fryer & Levitt, 2004; Reardon, 2011).
However, this should not be taken as evidence that schools do not matter.
On the contrary, the research literature suggests that school-based ineq-
uities play a major role in achievement gap development because URM
children and children from low SES backgrounds tend to receive less aca-
demic support at home, and therefore are more dependent on schools for
educational progress (Alexander, Entwisle, & Olsen, 2001; Greenwald et
al., 1996; Johnson, Kraft, & Papay, 2012; Palardy, 2008). This section out-
lines the literature on classroom factors that contribute to achievement
gaps at the early grades with subsections on the roles of classroom context,
access to qualified teachers, and access to effective teachers.

Classroom Context

Classroom context can be defined as characteristics or features of class-
rooms that do not include the teachers or their teaching. This includes
the composition of the student body, classroom structures, and resources.

Student composition. Student composition pertains to aspects of the stu-
dent body such as mean SES, mean achievement, and rate of student mo-
bility. To the degree that these factors are associated with achievement
and differ in the classrooms that minority children and White children
are members of, they are sources of inequity that potentially contribute
to achievement gaps. The compositional effect that has received the most
attention in the literature is the mean SES of the student body. Its robust
association with student achievement above and beyond students’ own
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family and academic backgrounds has long been recognized (Borman &
Kimball, 2005; Coleman et al., 1966; Palardy, 2008; Rumberger & Palardy,
2005). Research suggests that mean SES is a proxy measure for SES-
related peer influences that tend to depress educational performance in
low SES settings where peers have lower levels of the educational and cul-
tural attributes that enhance educational performance (Hanushek, Kain,
Markman, & Rivkin, 2003; Jencks & Mayer, 1990). Mean SES may also be
a proxy measure for school factors that are associated with achievement,
such as the quality of the teachers and the rigor of the curriculum (Betts,
Rueben, & Danenberg, 2000).

Another compositional factor that has been linked to learning outcomes
is student mobility. The vast majority of the research in this area focuses
on the impact that changing schools has on the mobile student’s academic
and behavioral outcomes (Rumberger, Larson, Ream, & Palardy, 1999;
Swanson & Schneider, 1999). However, some research suggests that stu-
dent mobility also negatively impacts other non-mobile members of the
classroom (Conniff, 1998). This is because when mobile students enter
classrooms mid-year, teachers need to (1) divert their attention from the
rest of the class in order to assimilate the new student into the class rou-
tine, (2) provide individual instruction on material that was not covered
in the mobile student’s former school, (3) address behavioral problems
that are more common among mobile students, and (4) update records
(Lash & Kirkpatrick, 1990; Sanderson, 2003). Although no research has
directly linked the rate of student mobility to achievement gaps, mobility
rate tends to be higher in high-minority schools (Rumberger et al., 1999;
Swanson & Schneider, 1999).

Research has also found that the academic composition of the student
body is associated with classroom practices. For example, classrooms com-
posed of mostly high-achieving children typically receive accelerated in-
struction whereas classrooms with mostly low-achieving children tend to
receive a less rigorous version of the curriculum (Gamoran, 1992). While
academic composition has not been directly linked to achievement gaps,
to the degree that Black and Hispanic children are underrepresented in
high-achieving classrooms, it may be a contributing factor.

Classroom Heterogeneity

Variation within classrooms in the characteristics of students, such as their
levels of achievement, giftedness, special needs, or English proficiency,
may contribute to achievement gaps. That is because such heterogeneity
tends to necessitate individualized instruction, which diverts the teacher’s
instructional focus away from the class at large. However, no research has
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examined the effects of classroom heterogeneity on student outcomes
or achievement gaps, and it is not known whether URM children tend
to be members of more heterogeneous classrooms. However, Black and
Hispanic youths are overrepresented among children classified as learn-
ing disabled and are less likely to be classified as gifted, and Hispanic stu-
dents are far more likely to be non-native English speakers (Donovan &
Cross, 2002; U.S. Department of Education, 2006), suggesting that the
classrooms they are members of may tend to be more heterogeneous on
those factors.

Structures and Resources

Some structural features of classrooms and the availability of resources
have also been linked with achievement gaps. For example, large class size
is negatively associated with student learning and tends to have a stron-
ger negative impact on Black children than on White children (Krueger
& Whitmore, 2001; Ladd, 2008). Class size is also positively associated
with rate of disruptive student behavior (Betts & Shkolnik, 1999; Stasz &
Stecher, 2000). Moreover, this research suggests that teachers tend to adapt
to student misbehavior by altering their instructional practices to better
manage behavior at the expense of the academic rigor of the instruction.
Finally, the availability of classroom resources such as books, supplies, and
equipment also affect student learning and tend to be in greater scarcity
in high minority schools (Betts, Zau, & Rice, 2003; Greenwald et al., 1996),
potentially creating inequity that can contribute to achievement gaps.

Teacher Qualifications

Research on the importance of teacher qualifications to student learning
is inconclusive. Even reviews of the literature are conflicting. Reviews by
Hanushek (1986, 1989, 1997) found that qualifications are generally not
associated with student learning. Conversely, a review by Greenwald et al.
(1996) found that teachers’ education, experience, and academic ability
are related to student achievement. A more recent review of 21 studies, all
of which controlled for students’ prior achievement and SES, concluded
that teachers’ own academic ability was predictive of student achievement
gains (Wayne & Youngs, 2003). However, the same study found inconsis-
tent evidence for the effects of certifications, degrees, and coursework on
student learning.

Teacher qualifications have the potential to impact achievement gaps
because URM and low SES children tend to be served by less-qualified
teachers (Betts, Rueben, & Danenberg, 2000; Clotfelter, Ladd, Vigdor,
& Wheeler, 2002). However, there is a dearth of research examining the
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association between inequitable access to qualified teachers and achieve-
ment gaps. Furthermore, because the body of research on the effects
of teacher qualifications on achievement is inconclusive, it may be the
case that inequitable access to qualified teachers does not contribute to
achievement gaps.

Teacher Effectiveness

Teacher effectiveness pertains to the impact teachers have on student out-
comes, particularly achievement. Teaching, namely the practices teachers
employ and the attitudes and beliefs they convey once in the classroom,
is a more direct measure of teacher effectiveness than are teacher quali-
fications. Despite its greater relevance, the effect of teaching on student
outcomes has received far less attention in the research literature than
teacher qualifications. That is likely because teaching involves a large
set of complex social interactions that take place over an extended pe-
riod, and therefore is far more difficult to measure than qualifications.
Nonetheless, researchers have examined teaching by breaking it down
into specific practices and attitudes. These studies found significant asso-
ciations between a number of instructional practices and student learning
(Guarino, Hamilton, Lockwood, & Rathbun, 2006; Palardy & Rumberger,
2008; Xue & Meisels, 2004). Similarly, specific teacher attitudes and be-
liefs that are predictive of their students’ achievement gains have been
identified (Goodard, Hoy, & Hoy, 2000; Palardy & Rumberger, 2008).

Research has also linked teaching with achievement gaps, finding that
teachers of URM children tend to use practices and have attitudes that
may be less conducive to cognitive development (Stipek, 2004). For in-
stance, Stipek (2004) found that teachers at schools with higher concen-
trations of URM students tend to use instructional practices that focus on
developing discrete skills and factual and procedural knowledge. In con-
trast, teachers at schools with greater concentrations of White children
tend to use constructivist teaching methods that have been advocated by
such prominent theorists as Piaget and Vygotsky, and that emphasize the
development of higher-order thinking and social skills. Similarly, teachers
tend to have lower expectations of Black students (Baron, Tom, & Cooper,
1985; Jussim, Eccles, & Madon, 1996), which may negatively impact their
learning via a self-fulfilling prophecy (Rosenthal, 1994).

While research on teaching has identified specific practices and atti-
tudes that contribute to learning, and to a much lesser extent, achieve-
ment gaps, it does not address the more fundamental issue of the overall
effectiveness of teachers in terms of the degree to which they contribute
to student learning. Because of the complexity of teaching, individual
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practices and attitudes, or even sets of practices and attitudes that are pre-
dictive of overall effectiveness, may yield unreliable estimates of overall
teaching effectiveness. This problem has created the need for methods
that more directly measure the overall effectiveness of individual teach-
ers. Value-added modeling (VAM) has been designed for that purpose
(Harris, 2011; McCaffrey, Lockwood, Koretz, Louis, & Hamilton, 2004).

In addition to estimating the performance of individual teachers, VAM
has been used to study the degree to which teachers vary in their effec-
tiveness and how that can impact students’ achievement. For instance,
research that employs VAM has shown that being taught by an effective
teacher versus an ineffective teacher can result in a full grade-level differ-
ence in achievement in a single school year (Hanushek, 1992). Further,
research using VAM revealed that having a succession of ineffective
teachers can have an even larger cumulative impact (Konstantopoulos,
2009; Rivkin, Hanushek, & Kain, 2005). These findings are particularly
concerning because the impact of a good or bad teacher may persist for
several subsequent years (Konstantopoulos & Chung, 2011; Sanders &
Horn, 1995).

METHODOLOGICAL ISSUES

Researchers have noted a few issues related to the measurement of achieve-
ment and the statistical modeling of achievement gaps that can impact
gap estimates. One issue is the scale or metric of the achievement test.
Seltzer, Frank, and Bryk (1994) show that estimates of change in an out-
come over time depend in part on the scale of the outcome. This conclu-
sion also applies to estimates of change in achievement gaps (Murnane et
al., 2006; Reardon, 2008). When estimating achievement gaps, it is impor-
tant to ascertain that the test instrument is on an interval scale. However,
in practice that is rarely verified, likely because doing so is complicated.
Achievement gap estimates are also sensitive to model specification. In
order to effectively address achievement gaps, it is important to differ-
entiate the part of the gap that originates from differences in the quality
of schools that URM and White children attend (i.e., between-school ef-
fects) from within-school differences in classroom quality. Some recent
research suggests that estimates of the within- and between-school effects
are particularly sensitive to model specification. This point is illustrated
by two recent studies that employed Early Childhood Longitudinal Study
(ECLS) data, but used different model specifications and drew essentially
opposite conclusions on the degree that within- and between-school ef-
fects contribute to Black—White gaps. Fryer and Levitt (2004, 2006) used
a model specification known as “school fixed effects” to conclude that
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between-school effects have little bearing on Black—-White achievement
gaps during the early grades, whereas within-school effects contribute sub-
stantially. Hanushek and Rivkin (2006) use the same data source and a
standard model specification to draw the opposite conclusion and show
that the school fixed effects specification will underestimate the between-
school component to the degree that schools differ in the proportion of
students who are Black. It is widely known that there is a considerable
degree of racial/ethnic segregation in American schools and therefore,
the school fixed effects specification is generally inappropriate for esti-
mating the within- and between-school components. Reardon (2008) con-
curs that Fryer and Levitt’s (2004, 2006) method has a strong tendency
to underestimate the degree to which between-school effects contribute
to gaps, but also argues that Hanushek and Rivkin’s (2006) specification
tends to overestimate the between-school effects. He shows that without
a clear theoretical or conceptual framework guiding the model specifica-
tion, a substantial proportion of the achievement gap cannot clearly be
attributed to within- or between-school effects. Currently there is no con-
sensus on the best model specification or most appropriate conceptual
framework. More research is needed addressing this important issue.

ACHIEVEMENT GAP RESEARCH BASED ON ECLS DATA

Several studies have examined achievement gaps using ECLS data (Fryer
& Levitt, 2004, 2006; Lee & Burkam, 2002; Murnane et al., 2006; Reardon,
2008; Reardon & Galindo, 2009; Reardon & Robinson, 2008; Rumberger,
2007; Rumberger & Arellano, 2009). Some of these studies are descrip-
tive, focusing on the magnitude of the gaps and the degree to which they
change during elementary school. Lee and Burkam (2002), who were per-
haps the first to use ECLS data to examine achievement gaps, estimate
the magnitudes of the gaps at the start of kindergarten and factors associ-
ated with those gaps. They also show that, on average, URM and low SES
children attend kindergarten at schools that are lower quality in terms of
mean student achievement, school resources, the qualifications and atti-
tudes of the teachers, and neighborhood deprivation. Rumberger (2007)
found that while Black—White gaps increase markedly during elementary
school (K-fifth grade), Hispanic—White gaps close substantially. He also
found that both Black and Hispanic children are far more likely to attend
high-poverty schools, which presumably are inferior on a number of di-
mensions of school quality, and that Black children have lower academic
learning behaviors compared with Hispanic children. He hypothesizes that
these factors contribute to achievement gaps and their patterns of change
over time. A series of papers by Reardon and his colleagues document
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the magnitude of the ethnic and socioeconomic achievement gaps dur-
ing the first six years of schooling (Reardon, 2008; Reardon & Galindo,
2009; Reardon & Robinson, 2008). Besides estimating the magnitude of
the socioeconomic and ethnic achievement gaps, this work shows that the
ethnic gaps differ by subgroups. Hispanic—White gaps vary depending on
the child’s country of origin, immigration and English language status,
and above all, SES (Reardon & Galindo, 2009). Furthermore, they found
that most disadvantaged Hispanic children start school with the largest
gaps, but also make the most progress in closing them during the early
grades. Reardon (2008) also shows that the rate at which the Black-White
reading gap increases between kindergarten and fifth grade depends on
children’s initial levels of achievement, with the gaps for initially high-
achieving children growing approximately twice as fast as the gaps for ini-
tially low-achieving children. While these descriptive studies are essential
for documenting the magnitude of the gaps and their change over time,
they do not attempt to estimate the degree to which school-based mecha-
nisms contribute to achievement gaps.

Fryer and Levitt (2004) tested a number of hypotheses about the causes
of Black—White achievement gaps. As described above, they reject the hy-
pothesis that differences in the quality of the schools that Black and White
children attend substantially contribute to the gaps. Instead, they found
that within-school differences contribute to the growing gaps in kinder-
garten and first grade. This means that Black children tend to progress
at slower rates than White children attending the same school, even after
controlling for differences in students’ backgrounds. While the authors
were able to rule out discrimination by White teachers toward Black stu-
dents as a factor contributing to the within-school effect, they did not find
any specific factors that did contribute. Fryer and Levitt (2006) extended
their 2004 study to include an additional wave of data collected near the
end of third grade. They note the Black—-White gaps continued to grow at
a rate of approximately 0.10 standard deviations per year, and otherwise
draw conclusions similar to their previous study. Murnane et al. (2006)
designed their study to extend upon Fryer and Levitt’s 2004 study to test
a more extensive set of school effects on achievement growth during the
first four years of schooling (K-third grade). They found that while teach-
er qualifications were not associated with achievement growth, school so-
cioeconomic composition was. However, they did not directly examine the
degree to which classroom or school factors contribute to achievement
gaps. Rumberger and Arellano (2009) studied Latino—White reading and
math achievement gap trajectories during kindergarten and first grade
in California using a subsample of ECLS data. They focused on the role
of student background and school factors, finding that student SES and
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English language status account for over 80% of the reading gap and over
two-thirds of the math gap that exist when children enter kindergarten.
After controlling for those two student background variables, the reading
gap was not significant and the math gap was marginally significant (p <
0.10). They also found that Latino—White achievement gaps did not grow
during the first two years of schooling.

As described above, estimates of change in achievement gaps are sensi-
tive to the metric of the test scores. It is important that the test scores are
on an interval scale. ECLS data achievement test scores are provided in
the t-score metric, which is standardized to a mean of 50 and standard de-
viation of 10 at each data collection wave. The test scores are also provided
in the IRT scale score metric, which uses an ability-specific subset of the
test items to estimate each child’s score on the full set of items and is not
standardized. Reardon (2008) examined the scale of these metrics for the
ECLS data, concluding that the IRT scale score metric is sensitive to the
set of test items that were administered and that the size of a unitis larger
at the high end of the test scale. Hence, the IRT scale scores are not inter-
val scale and are not inappropriate for estimating change in achievement
gaps. The wave-standardized scores are approximately interval scale and
are recommended for modeling change in the gaps between two waves
(Reardon, 2008). However, the wave-standardized scores are inappropri-
ate for growth modeling, which utilizes more than two waves of data. For
growth modeling it is recommended that the scores be transformed to the
IRT theta score metric and vertically linked across waves.

CONCEPTUAL FRAMEWORK

This study is guided by a conceptual framework for the role that opportu-
nity to learn (OTL) in early elementary school classrooms plays in the for-
mation of achievement gaps (see Figure 1). The framework is informed by
the research literature (described above), which has identified aspects of
classrooms that impact achievement and where there may be inequity that
contributes to achievement gaps. Children enter school with a set of fam-
ily, academic, and other background characteristics that directly impact
their learning. To the degree that these background characteristics differ
by ethnic group, they may contribute to achievement gaps without regard
to school-based inequity. Student learning is also a function of school-
based factors. At the early grades where children spend the majority of
their school day in a single classroom with a single teacher, OTL at school
may be largely a classroom effect. The framework identifies three aspects
of classrooms for which ethnic inequality may impact OTL and lead to the
formation of achievement gaps, including the contextual characteristics

11
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of the classroom, access to qualified teachers, and access to effective teach-
ers in terms of their contribution to students’ learning. While teachers’
effectiveness is likely a function of a number of factors including instruc-
tional practices, classroom behaviors and attitudes, teaching ability, and
a large number of more subtle factors, it is operationalized as the value
teachers add to student achievement. Although the framework recognizes
that non-classroom-based school effects (e.g., per pupil expenditures or
principal leadership style) may impact OTL even at the early grades, the
role of those factors is not elaborated upon because the present study fo-
cuses on classroom effects.

Figure 1. Conceptual Framework for Studying the Role of Classroom-
based Inequality in Opportunity to Learn on the Formation of
Achievement Gaps

School-based Opportunity to Learn

Classroom-based Opportunity to Learn

Classroom Contexts Teacher’s Qualifications
Student Background Student Composition Credentials

Family background Mean achievement Experience
Academic background Mean SES Degrees

Other characteristics

Student Learning
Reading gains
Math gains

, Other learning outcomes
Teacher’s Effectiveness

Adequacy of supplies Mean reading & math gains
Class size Instructional practices
Behaviors and abilities

Note that each subheading is followed by a list of examples, which are not intended to be
comprehensive.

RESEARCH QUESTIONS

The present study uses data from the Early Childhood Longitudinal
Study Kindergarten Class of 1998-99 (ECLS-K) to examine the degree
to which inequity in school-based OTL contributes to achievement gaps
that accumulate during first grade. The study is designed to partition the
effects of classrooms within the same school (within-school classroom
effects) from classrooms in different schools (between-school classroom
effects). As described by the conceptual framework in Figure 1, school-
based OTL is gauged based on whether URM children have equitable
access to classrooms with contextual factors that facilitate learning, to
qualified teachers, and to effective teachers. The following research
questions are addressed.

12
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1. What are the magnitudes of the URM achievement gaps in reading
and math at the beginning of first grade, and to what degree do
they change during first grade?

2. Do student inputs vary across classroom and schools? If so, to what
degree do those differences account for school-based achievement
gaps that accrue during first grade?

3. What are the magnitudes of school-based achievement gaps that de-
velop during first grade?

4. Do the URM children have equitable access to: (a) classrooms with
contextual characteristics conducive to learning, (b) highly quali-
fied teachers, and (c) effective teachers? If not, to what degree does
each contribute to the achievement gaps that accumulate during
first grade?

Because of the implications for policy and practice, the degree to which
achievement gaps originate from factors among classrooms in the same
schools, and from factors between classrooms in different schools, is also
addressed for each research question.

SIGNIFICANCE OF THIS STUDY

This study was designed to extend the literature on how classroom-based
inequality in OTL contributes to achievement gaps. First, the study was
designed to provide evidence on the degree to which inequality on three
major aspects of classrooms (context, teacher qualifications, and value-
added teacher effectiveness) contribute to achievement gaps. There is
surprisingly little research on this important issue. As outlined above,
the vast majority of the research on achievement gaps either estimates
the size of gaps and their change over time, or estimates the effects of
classroom factors on achievement rather than on achievement gaps. No
studies that estimate the combined effects of any of the three major as-
pects of classrooms considered here could be found in the literature.
While there is a body of research examining the effects of individual mea-
sures of teacher qualifications (e.g., full certification) on achievement
and achievement gains, no research examines the effect of inequity on
a set of measures of combined teacher qualifications (i.e., certifications,
experience, and degrees) on achievement gaps. Similarly, some research
has investigated the effects of specific measures of classroom context
(e.g., class size) on achievement, but no studies address the combined
effect of inequity on a set of contextual characteristics of classrooms on
achievement gaps. Moreover, although access to an effective teacher is
perhaps the most fundamental aspect of school-based OTL during the
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early grades, there is surprisingly little research examining this and the
degree to which it contributes to achievement gaps. The research on this
issue addresses it indirectly by focusing on the effectiveness of specific
instructional practices and teacher attitudes. While informative, this ap-
proach does not capture the teachers’ overall effectiveness and the de-
gree to which that contributes to achievement gaps. As a result, despite
the many studies on achievement gaps, the somewhat fragmented litera-
ture does not provide a clear understanding of the relative importance
of key aspects of classrooms to achievement gaps.

Second, this study distinguishes between classroom effects that stem
from differences among classrooms in the same school (i.e., within-school
classroom effects) and differences among classrooms in separate schools
(i.e., between-school classroom effects). Previous research on achieve-
ment gaps has focused primarily on between-school effects and has largely
ignored within-school effects (Abt Associates, 1997).% The vast majority of
the studies that do examine within-school effects treat classroom effects
as if they were measures of individual differences among students, which
raises methodological concerns. The current study partitions the variance
in student achievement gains into student, classroom, and school compo-
nents to produce accurate estimates of within-school classroom effects.
This is an important shortcoming in the literature because understanding
the origin of the effects is critical for developing successful policies and
practices for reducing achievement gaps.

Third, this study examines the achievement gains that accrue during
first grade with summer excluded. The inclusion of summer when study-
ing school-based factors that contribute to achievement gaps raises meth-
odological concerns because research indicates that URM children tend
to learn less than others over summer (Alexander et al., 2001; Cooper,
Nye, Charlton, Lindsay, & Greathouse, 1996), which generally cannot be
attributed to teacher, classroom, or school effects. Hence, including sum-
mer in achievement gains calculations may bias estimates of school-based
achievement gaps and the effectiveness of teachers and schools that serve
URM children. ECLS is the only national database for which school-year
achievement gains can be calculated excluding summer. However, the ex-
tant research on achievement gaps, including studies that use ECLS data,
calculate achievement gains or growth with summer included.

METHODOLOGY

This section describes the data sample, variables, and statistical models,
as well as how the sequence of models that are estimated address the re-
search questions.
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DATA SOURCE

This study uses first-grade data from ECLS. When the appropriate sam-
pling weights are applied, ECLS-K is nationally representative sample of
1998 kindergarteners (NCES, 2002).° A vast array of survey items and
test scores were collected from the children, their parents, teachers,
and school principals. The full first-grade longitudinal sample has 5,034
students. Students without teacher or school IDs were omitted, as were
a small number of students who had missing achievement test scores or
changed teachers during first grade. The final sample used in this study
included 3,496 students, 887 classrooms, and 253 schools.*

VARIABLES
Outcome Variables

Achievement gains in reading and math during first grade are the out-
comes in this study. The achievement tests were administered near the
beginning and end of first grade so the gains do not include summer.
Achievement gains were computed by subtracting the fall T-distribution
test score from the spring T-distribution test scores. The achievement
gains were then standardized to a mean of zero and standard deviation
of one. This allows for estimates of the achievement gaps to be in units
of standard deviations or effect size. It is worth noting, however, that the
expected mean achievement gain in math and reading during first grade
is zero.

Independent Variables

Several measures of student characteristics, classroom context, and teach-
er qualifications were used. The full list of variables with means and stan-
dard deviations broken down by ethnicity are shown in the Appendix
Table. Note that no variables measuring aspects of teaching effectiveness
are used because teacher effectiveness is estimated using VAM. Below are
additional details on the independent variables.

Student control variables. While the current study focuses on classroom
effects, many student characteristics that are associated with learning
also vary across classrooms and schools. Ignoring these differences in
studentinputs across classrooms can bias estimates of teacher, classroom,
and school effects. For this reason, it is recommended that differences
in student inputs across classrooms be statistically controlled when mod-
eling classroom and school effects (Ballou, Sanders, & Wright, 2004).
The research literature has identified a variety of student characteristics
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that are associated with student achievement gains and may vary across
classrooms. Those variables are classified into four types: demographics,
academics, behavioral, and parental. Several measures of each type are
used to control for student inputs in this study (see the Appendix Table).
Note that student ethnicity is also controlled in an effort to produce es-
timates of classroom effects that are not the result of ethnic differences
in student inputs.

Classroom context. Variables measuring four aspects of classroom con-
text were used: student composition, student heterogeneity, structures,
and resources. Measures of student composition include mean SES,
mean reading and math achievement, and the proportion of students
who enter the classroom after the start of the school year. Student het-
erogeneity includes variance in reading and math achievement, and the
proportion of students with each of the following characteristics: gifted,
English language learner, and disabled. One measure of classroom struc-
ture, class enrollment (often referred to as “class size”), was used. In ad-
dition, four measures of classroom resources were considered, including
the adequacy of the instructional supplies, materials, technology, and
physical facilities. Each of the resource measures is a factor score devel-
oped from related survey items.

Teacher qualification. Three measures of teacher qualifications are ex-
amined, including whether the teacher is fully certified, has earned a
graduate degree, and has five or more years of teaching experience.
These measures frequently appear in the research literature and are
consistent with qualifications commonly used in licensing, hiring, and
tenure decisions, as well as criteria used for educational policy and leg-
islation designed to assure classrooms are led by highly qualified and
effective teachers.

STATISTICAL MODELING

Because students in the ECLS database are nested in classrooms and
classrooms are nested in schools, multilevel modeling (MLM) was used.
MLM was developed for analyzing nested data and is optimally suited for
isolating the variance in student achievement gains that are due to class-
room and teacher effects. Four multilevel models were fit sequentially to
address the research questions. The process began with the Achievement
Gains model, which only included two covariates: prior achievement
and the duration between the fall and spring achievement test measure-
ments.” This model is considered the unconditional model for change
in student achievement during first grade. Second, the Student model
was run, which adjusts classroom and school mean achievement gains
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for differences in student inputs. Third, the Classroom Context model
was fit to the data, which, in addition to student inputs, controls for
classroom differences in the student body characteristics, structural
features, and resources that impact student learning but are generally
not attributable to the effectiveness of the teacher. Fourth, the Teacher
Qualifications model was run, which includes all Classroom Composition
model variables plus three common measures of teacher qualifications
(described above).

The multilevel equations for the Teacher Qualifications model are
shown below. Note that the other three models are reduced forms of
the Teacher Qualifications model for which sets of variables are omitted.

Level 1: Student Level

Achievement, =, + Fall Achievement + 7, Time Adjustment + EIqDemographicsq + )
=] e, ~N(0,0%)
11

16 22
7, Academics, + ¥z Behavioral, + Y = Home, +e,
=10 412 g7

Reading and math achievement are the outcomes and are modeled
separately. The subscript, ics, denotes the nested structure of the data;
individuals, ¢, are nested in classrooms, ¢, which are nested in schools,
s. The model controls for fall achievement, the duration between fall
and spring achievement tests (see note 4), seven demographic, two aca-
demic, five behavioral, and six parental home involvement variables that
research has indicated are associated with achievement gains and teach-
er effects. A list of the student control variables appears in Table 1 and
also with additional detail in the Appendix Table. Continuous measures
were grand mean centered and dummy variables were left uncentered
to preserve the dummy variable interpretation. Centering the variables
this way adjusts classroom achievement gains for differences in student
inputs, which is important for the purpose of reducing the potential for
biases in the estimates of classroom and school effects that may result
from differences in student inputs. The coefficients for the Level 1 stu-
dent variables (m - m22), which are all fixed, represent the linear associa-
tions between the respective variable and the outcome.

While the Level 1 model is critical for separating the variance in stu-
dent achievement gains due to individual differences among children
from classroom and school effects, the substantive interest of the current
study is in Level 2 and 3 models. Level 2 is the within-school classroom
model. The outcomes at Level 2 (n0cs) are the adjusted mean classroom
achievement gains in reading or math.
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Level 2: Classroom Model

g 12
T, =B+ Z B, Classroom Context, + ;U,BU,‘Tcachcr Qualifications, +r,, f ~ N(0,1,)

I, thIOllgh Ty, = nBL thIOl.lg]‘l .824

The intercept, Boos, is the adjusted mean gain on the outcome for each
school. Nine covariates measuring aspects of classroom context and three
measuring teacher qualifications were included. The beta coefficients ()
represent the linear relationship between the classroom and teacher mea-
sures and mean classroom achievement gains. As was the case at Level
1, continuous variables were grand mean centered and dummy variables
were uncentered. rOcs is the classroom residuals, which is used in the re-
sidual analysis described below. The variance in the classroom residuals is
represented by tp.

At Level 3, the school level, school mean achievement gains (BOcs) in
reading or math are the outcomes. These means are adjusted for class-
room differences in the student and classroom covariates in the model.
The school model is unconditional (no covariates) because the focus of
this study is on classroom effects rather than on school effects per se.
Including an unconditional school level, as opposed to using a two-level
model with no school level, partitions the variance in mean classroom
achievement gains into within- and between-school components. This
provides an opportunity to examine the degree to which classroom in-
equity that impacts achievement gaps is manifested within schools and
between schools. The model-building sequence provides estimates of
the degree to which each successive class of variables entered into the
model accounts for within- and between-school variance in mean stu-
dent achievement gains.

Level 3: Unconditional School Model

ﬂ[)cs = Yooo T Uy, Uy, ~ n(O,T;V)
ﬂl through 1824 =V through Y
ﬂol through ﬁo]z =Y through Yoz

The intercept, v, » is the adjusted grand mean achievement gain. The
Level 3 model also provides coefficient estimates for each student covari-
ate (y, through v,,) and classroom covariate (y,, through v,,,). The school
residuals (u,,,) are also used in the residual analysis. 7y represents the vari-
ance in those residuals.
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RESIDUAL ANALYSES

This section describes the model residuals and provides an explanation
for how they are used to address the research questions.®

Defining the Residuals

As described above, there are three residuals in the MLM including the
student, classroom, and school residuals, which capture sources of un-
explained variance in the achievement gains outcome. These residuals
can be considered latent variables and are assumed to be approximately
normal in distribution with a mean of zero. The Level 1 model residual
describes each student’s achievement gain relative to other children in
the same classroom, controlling for the student covariates in the model.
Similarly, the Level 2 residual describes the mean student achievement
gain for each classroom compared with other classrooms in the same
school, controlling for the student and classroom covariates in the model.
A Level 2 residual of zero indicates the given classroom’s achievement
gain is average for the school it is in, whereas a large positive residual
indicates the classroom’s achievement gain is much larger than average
for classrooms in the schools, again controlling for the covariates in the
model. The Level 3 residuals are interpreted similarly, except that they
measure the deviation of the mean achievement gain for the classrooms at
a given school compared with the mean achievement gain for all schools.

Addvressing the Research Questions

The residuals from the four sequential models were used to address most
of the research questions in this study. The details of the residual analyses
and rationale for the interpretations of the results are provided next.

Research question 1. The Achievement Gains model residuals were used
to estimate the magnitude of achievement gaps that developed during
first grade. The total gap that developed during first grade was estimated
by summing the student, classroom, and school residuals and conducting
an ANOVA with post-hoc tests to determine the magnitude and signifi-
cance of mean differences in Black-White and Hispanic-White achieve-
ment gains.” The gaps that can be attributed to classroom factors within-
and between-schools were calculated using the Achievement Gains model
classroom and school residuals, respectively. ANOVA with post-hoc tests
were conducted on each residual.

Research question 2. To address the degree to which differences in stu-
dent inputs contribute to school-based achievement gaps that accrue
during first grade, the change in the gaps that result from adding the
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student control variables was computed. This entailed estimating the
Student model gaps for the classroom and school residuals, which was ac-
complished using the same method described above for the Achievement
Gains model in research question 1, and then computing the changes in
the gaps by subtracting Student model gap estimates from Achievement
Gains model gap estimates.

Research question 3. The classroom and school residuals from the Student
model were also used to address research question 3 on the magnitudes
of the school-based achievement gaps that accumulate during first grade.
After controlling for differences in student inputs, the classroom and
school residuals describe the degree to which within- and between-school
classroom factors contribute to achievement gains. Using the method de-
scribed above for research question 1, ANOVA with post-hoc tests were
used to estimate the magnitude of the within- and between-school class-
room gaps and the magnitude of the total school-based gaps.

Research question 4. Corresponding with the method of residual analy-
sis described for research question 2, the effect of classroom context on
achievement gaps is addressed by examining the change in the gaps that
occurred after controlling for the set of variables measuring classroom
context. That was accomplished by subtracting the gaps estimated from
the Classroom Context model residuals from the gaps estimated from the
Student model residuals. Likewise, the effects of teacher qualifications on
achievement gaps was derived by subtracting the gaps estimated using the
Teacher Qualifications model residuals from the gaps estimated using the
Classroom Context model residuals.

To address the degree to which access to effective teachers contributes
to achievement gaps, first the effectiveness of each individual teacher was
estimated. Given the extensive student and contextual controls included
in the Classroom Context model, the classroom residuals from that mod-
el can be considered estimates of each teacher’s effectiveness relative to
other teachers in the same school. However, to the degree that the aver-
age effectiveness of teachers in each school varies among schools, using
the classroom residuals alone will underestimate the magnitude of the
teacher effectiveness estimates. Therefore, the classroom residuals may
be considered the lower boundary of the teacher effectiveness estimates.
The upper boundary is more difficult to define; however, the sum of the
classroom and school residuals may be a conservative estimate.® Using the
residual analysis method described for research question 1, ANOVA with
post-hoc tests were used to estimate the degree to which access to effective
teachers impacts achievement gaps. The lower boundary of the effect was
estimated from the classroom residuals alone, whereas the upper bound-
ary was estimated using the sum of the classroom and school residuals.
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MODEL ASSUMPTIONS AND MULTICOLINEARITY

The validity of the results from the statistical models used in this study
depend in part on whether a set of assumptions are met, including: (1)
the model residuals are approximately normal, independent, and identi-
cally distributed, and (2) the associations between independent and de-
pendent variables are approximately linear. The residuals and variables
from each model were examined to verify that those assumptions were
met. Moreover, the Variance Inflation Factor (VIF) for each variable was
computed to test for multicolinearity. The VIF did not exceed 3.0 for any
variable, which is far below the conventionally suggested level for concern
of 10.0.

RESULTS
RESEARCH QUESTION 1

Figure 2a shows Black—White and Hispanic—White achievement gaps at the
beginning of first grade in units of standard deviations (SD) and months
of mean achievement gains. For both ethnic groups, the gaps were larger
for math than reading. At the start of first grade, Black children lagged be-
hind White children by 0.45 SD or 3.05 months in reading and 0.69 SD or
4.83 months in math. At the start of first grade the gaps were only slightly
smaller for Hispanic children: 0.42 SD or 2.85 months for reading and
0.53 SD or 4.06 months for math. All four gaps are statistically significant
(p < 0.01). Note that these results are similar to other recent studies that
have estimated first-grade achievement gaps (Bali & Alvarez, 2004; Fryer
& Levitt, 2004) and are also consistent with previous research indicating
URM children begin elementary school lagging behind White children in
terms of cognitive skills (Lee & Burkam, 2002).

Figure 2b uses the student, classroom, and school residuals from the
Achievement Gains model to illustrate the degree to which each of those
sources contributed to achievement gaps that developed during first
grade. The Total indicates that all three sources combine to increase the
gaps by 1.27-2.98 months as compared to the average learning rate, de-
pending on the outcome and ethnic group. All estimates of the total ef-
fects are statistically (p < 0.01) and substantively significant. Note that the
reading gap increases were larger than the math gap increases for both
ethnic groups, which is likely because reading is the primary instruction-
al focus during first grade, and therefore differences in the quality and
quantity of instruction may vary more, potentially resulting in a greater
impact on school-based inequity.
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Figure 2a (left). Achievement Gaps at the Beginning of First Grade.
Figure 2b (right). Changes in Achievement Gaps During First Grade
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* =p <0.05, ¥ = p < 0.01. The numbers are for Black-White and Hispanic-White
differences in achievement in units of standard deviations and (months) and the
percentage of the total gap that is attributable to student, classroom, and school
factors. On the left, Figure 2a shows the gaps at the start of first grade. On the
right, Figure 2b shows change in the gaps during first grade. The total change is
partitioned into student, classroom, and school components. Standard errors, and
by extension, the statistical significance levels, were adjusted to account for the
design effects that resulted from cluster sampling design used by NCES. For each
bar, the bottom number is the gap in months of average achievement gains, and
the second number is the gap in standard deviations. For the bars on the left side
of Figure 2b, the top number is the percent of the total gap.
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The percentage of the total variance in the outcome attributable to
classroom and school factors is often cited in school effectiveness re-
search to provide an estimate of the degree to which classrooms and
schools matter (see Raudenbush & Bryk, 2002, p. 228).° The results
in Table 1 (see under “Variance Components” for Achievement Gains
model) indicate that 20% of the variance in reading achievement gains
and 13% of the variance in math gains are attributable to classroom
and school factors combined. These figures can be compared with the
degree to which classroom and school factors contribute to achievement
gaps that accrue during first grade. On the left side of Figure 2b the total
change in the achievement gaps is partitioned into student, classroom,
and school components.'”While individual differences among students
accounted for the largest proportion of the total change, Figure 2b also
shows that approximately 52% (20% for classroom + 32% for school) of
the Black-White reading gap that accumulated during first grade and
45% (15% classroom + 30% school) of the math gap were due to class-
room and school factors. Similarly, 55% (13% classroom + 42% school)
of the Hispanic—-White reading gap and 34% (6% classroom + 28%
school) of the math gap were due to classroom and school factors. These
figures indicate that an approximately three times greater percentage
of the achievement gaps is due to classroom and school factors than to
the achievement gains. Note that these findings are indirectly supported
by previous research that shows schools have a greater impact on learn-
ing for URM and low SES children (Alexander, Entwisle, & Olsen, 2001;
Greenwald et al., 1996; Palardy, 2008).

Table 1. Achievement Gains and Student Model Results

Achievement Gains (1) Student (2)
Reading Math Reading Math
Coefficient Estimates
Intercept -0.01 0.01 0.011 0.16%*
Assessment Gap 0.15%%* 0.23%* 0.15%%* 0.23%*
Fall Reading Achievement 0.81%#%* — 0.80%* 0.11%%*
Fall Math Achievement — 0.80%* 0.227%* 0.77%*
Demographic Background
SES — — 0.03+ 0.04*
Age — — -0.02%* -0.01%%*
Female — - -0.05+ -0.17%*
Asian — — -0.21%%* -0.38%*
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Achievement Gains (1)

Student (2)

Reading Math Reading Math
Black — — -0.18%* -0.22%%
Hispanic — — -0.14* -0.20%*
Other — — -0.01 -0.24%%
Academic Background
Disability — — -0.09+ -0.05
Head Start — — -0.18%* 0.03
Classroom Behavior
Approach to Learning — — 0.28%* 0.18%*
Interpersonal Skills — — -0.08%* 0.00
Internalizing Problem — — -0.01 -0.04*
Behaviors
Externalizing Problem — — -0.05+ -0.07#*
Behaviors
Self-control — — -0.03 -0.09%*
Parental Home Involvement
Attendance — — 0.00 -0.011
Reading outside of school — — 0.05%%* -0.01
Practice numbers with child — — 0.01 0.00
Belief in reading ability — — 0.21%* -0.01
Belief in math ability — — -0.06%* 0.12%*
Ignore child when annoying — — 0.03%* 0.00
Variance Components (% of variance explained from prior model)
Student
Variance 0.7170 0.7667 0.5745(19.87)  0.6911(9.86)
% of Total 79.44 86.81 77.35 85.50
Classroom
Variance 0.0833 0.0406 0.0967(-16.09)  0.0681(-67.73)
% of Total 9.23 4.60 13.02 8.37
School
Variance 0.1022 0.0759 0.0715(30.04)  0.0541(28.72)
% of Total 11.33 8.59 9.63 6.65
Total 0.9025 0.8832 0.7427(17.71)  0.8133(7.91)

Model Summary
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Achievement Gains (1) Student (2)
Reading Math Reading Math
Deviance Statistic 9268.49  9332.25 8586.43 9053.36
# of parameters 6 6 27 27
Deviance change' — — 682.06%* 278.89%*

tp<.10,"p<.05, “p<.01. 'Compared with previous model.

RESEARCH QUESTION 2

The Appendix Table shows that URM and White children differed on
several background measures. For example, URM children tended to
enter first grade with far less developed reading and math skills, were
less likely to have attended preschool, had lower teacher ratings on in-
terpersonal skills and self-control, and spent less time reading outside of
school. Each of these differences may contribute to achievement gaps.
Moreover, student inputs for each classroom and school may impact
school-based achievement gaps, but generally are not attributable to
teacher or school effects. For this reason it is critical to control for stu-
dent inputs to obtain relatively unbiased estimates of teacher and school
effects (Ballou et al., 2004).

Figure 3 uses the sum of the classroom and school residuals to illustrate
the magnitudes of school-based achievement gaps for each of the four se-
quential models. Note that the Achievement Gains model gaps in Figure
3 are the sums of the classroom and school gaps in Figure 2b. A compari-
son of the gaps for the Achievement Gains and Student models shows the
degree to which difference in student inputs contributed to the school-
based gaps. This comparison indicates that the Black-White reading gap
was reduced from 1.55 to 0.74 months (52%) and the Hispanic—-White
reading gap was reduced from 0.93 to 0.47 months (50%). The math gaps
were reduced 37% and 50% for Black and Hispanic children, respective-
ly. These findings indicate that a substantial proportion of school-based
achievement gaps that accrue during first grade are due to differences in
the background characteristics of the students who enroll, rather than to
classrooms and schools effects.

To probe their origins, the school-based gaps shown in Figure 3 were
partitioned into classroom effects within schools and between schools,
which are presented in Figures 4a and 4b. A comparison of the within-
school results (Figure 4a) for the Achievement Gains and Student models
reveals that controlling for student inputs reduces the reading gap by 37%
for Black children (from 0.59 to 0.37 months) and by 82% for Hispanic
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Figure 3. Parsing the School-based Learning Gap into Student,
Contextual, and Teacher Effects
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=p < 0.05, ¥ = p < 0.01. The numbers were computed from model residuals
and represent Black-White and Hispanic-White achievement gaps that can be
attributed to school-based inequity and that accumulated during first grade. The
numbers are in units of standard deviations, and (months) of achievement gains.
Standard errors, and by extension, the statistical significance levels, were adjusted
to account for the cluster sampling design used by NCES.

children, and the math gaps by 27% and by 100% for Black and Hispanic
children, respectively. This suggests that students in the same school are
not randomly assigned to classrooms, but rather placements are based in
part on students’ academic and family background including ethnicity.
Controlling for student inputs reduced the between-school (Figure 4b)
reading gaps by 61% and 44% for Black and Hispanic children, and the be-
tween-school math gaps by 45% and 39% for Black and Hispanic children.

RESEARCH QUESTION 3

The Student model results in Figure 3 show that, even after controlling for
an extensive number of student inputs, significant school-based gaps ac-
cumulated during first grade. Moreover, the increase is substantially larger
for Black children than for Hispanic children. The school-based gaps for
Black children increase 0.74 months in reading and 0.60 months in math,
compared with 0.47 and 0.22 months for Hispanic children. Each of these
increases is statistically significant (p < 0.01) with the exception of the
math gap for Hispanic children. These increases provide estimates of the
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Figure 4a (left). Within-school First Grade Learning Gaps
Figure 4b (right). Between-school First Grade Learning Gaps
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degree to which inequity in school-based opportunity to learn contributes
to gaps that accumulate during first grade.

The school-based gaps can be partitioned into classroom effects within
and between schools to better understand their origins. A comparison of
the length of the bars for the Student model in Figures 4a and 4b indicates
that after controlling for differences in student inputs, between-school
factors continue to contribute a far greater percentage of the achieve-
ment gaps than classroom effects within schools. The one exception is the
Black-White reading gap, which is equal parts within- and between-school
effect. After controlling for student inputs, the within-school classroom
component of the Hispanic—White achievement gaps is not statistically sig-
nificant (p > 0.10), though a substantial within-school effect for the Black-
White gaps persists. Between-school effects continue to contribute to read-
ing and math gaps for Black children and the reading gap for Hispanic
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children, adding 0.22-0.40 months depending on the outcome and eth-
nic group. However, the between-school Hispanic—White math gap is not
statistically significant (p > 0.10).

RESEARCH QUESTION 4
Equitable Access to Learning-Conducive Classroom Contexts

The Appendix Table shows pervasive ethnic differences in classroom con-
text that systematically challenges the learning environment of URM chil-
dren. For example, the mean SES for classrooms that Black children are
members of is 0.58 SD lower than for White children (-0.32 vs. 0.26). Black
and Hispanic children are also members of classrooms with significantly
higher mobility rates, lower mean achievement in reading and math, larg-
er class enrollment, and less adequate instructional supplies. In addition,
Hispanic children are members of classrooms with higher percentages
of English learners, and Black children are members of classrooms with
higher levels of teacher-reported misbehavior.

A comparison of the Student model and Classroom Context model in
Figure 3 shows that differences in classroom context account for a large
proportion of school-based achievement gaps that accrued during first
grade. For example, the figure shows that after controlling for nine con-
textual factors shown in Table 2, the reading gap for Black children was
reduced 55% (from 0.74 to 0.33 months) and the math gap for Hispanic
children was erased.

Again, partitioning the school-based gaps into classroom effects within
and between schools provides evidence of the origins of the gaps. The
change in the gaps from the Student model to the Classroom Context mod-
elin Figure 4a indicates classroom context accounted for 35% of the within-
school Black-White reading gap (reduced from 0.37 to 0.24 months) and
43% of the math gap, which became non-significant (p > 0.10). The within-
school Hispanic—White gaps were non-significant after controlling for stu-
dent inputs, and controlling for classroom context did not change that.

Classroom context accounted for a substantially larger percentage of the
between-school gaps (Figure 4b) than the within-school gaps, reducing
the Black-White reading gap by 76% (from 0.37 months to 0.09 months),
the Black-White math gap by 56%, and the Hispanic—-White reading and
math gaps by 55% and 73%, respectively. Moreover, after controlling for
classroom context, none of the between-school gaps were statistically sig-
nificant. These findings indicate that inequitable access to learning-con-
ducive classrooms plays a significant role in between-school gaps for both
Black and Hispanic children.

28



TCR, 117, 020302 Classroom-based Inequalities and Achievement Gaps in First Grade

Table 2. Teacher Effects Model Results

Classroom Context (3) Teacher Qualifications (4)

Reading Math Reading Math
Intercept 0.06 0.15* -0.08+ 0.12}
Classroom Context
Student Composition
Mean SES 0.07* 0.03 0.06%* 0.03
Mean reading achievement 0.07 0.09* 0.07 0.09*
Mean math achievement 0.11%%* 0.08+ 0.10%* 0.08+
Student heterogeneity
Reading heterogeneity -0.08%* -0.09%* -0.08%* -0.09%*
Proportion new -0.15% -0.13+ -0.16¢} -0.13+
Proportion gifted 0.17 -0.571 0.19 -0.56+
Structures and Resources
Small 0.05 -0.01 0.05 -0.01
Large -0.22%% -0.16% -0.227%% -0.16%*
23(523;3112 equipment 0.00 0.03+ 0.00 0.03+
Teacher Characteristics
Full certification — — 0.11% 0.03
Five or more years — — 0.06 0.02
experience
Advanced degree — — 0.04 -0.01
Variance Components (% variance explained from prior model)

Reading Math Reading Math
Student 0.5745(—) 0.6911(—) 0.5745(—) 0.6909 (—)
Classroom 0.0906(6.3)  0.0621(8.8)  0.0891(1.7)  0.0621(0.0)
School 0.0559(21.8)  0.0457(15.5)  0.0542(3.0)  0.0452(1.1)
Total 0.7210(2.9)  0.7989 (1.8)  0.7178(0.4)  0.7982(0.1)
Model Summary
Deviance Statistic 8512.64 8995.06 8503.37 8994.28
# of parameters 36 36 39 39
Deviance change from 73,787 58.30%* 9.27% 0.78

prior model

Tp<.10;"p<.05; "p< .01
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Access to Highly Qualified Teachers

Figure 5 shows the proportions of students from each ethnic group that
were served by qualified teachers in terms of full certification, having five
or more years of teaching experience, and holding an advanced degree.
The disparities are generally minor, 6% or less. One exception is that
URM children are approximately 10% less likely than White children to
be served by an experienced teacher.

Figure 5. Ethnic Differences in Access to Qualified Teachers

EBlack ©Hispanic ®White mTotal

0.7410,73+0-770.78 076072

0.a5**0 67

0.37 354038036

Full Certification 5 or More Years Advanced Degree

t=p<0.10, ¥ =p < 0.05, ¥ = p < 0.01. Numbers are proportions of teachers with
the given qualification. Tests are of differences in the proportion for Black or
Hispanic students compared with White. Standard errors, and by extension, the
statistical significance levels, were adjusted to account for the cluster sampling
design used by NCES.

Comparing the results of the Classroom Composition and Teacher
Qualifications models in Figure 3 indicates that inequitable access to
qualified teachers has little or no impact on the achievement gaps af-
ter controlling for student inputs and classroom context. These find-
ings are likely due to the fact that teacher qualifications have weak or
null associations with student learning, which the results of the Teacher
Qualifications model shows (see Table 2). Note that these findings
change very little if the effects of Teacher Qualifications are estimated
without the Classroom Context variables in the model. Regardless of the
order of entry into the model, Teacher Qualifications have very minor
effects on achievement gaps.

Access to Effective Teachers

The Classroom Context model residuals are used to determine the de-
gree to which inequitable access to effective teachers contributes to first-
grade achievement gaps. As explained above, ethnic differences in the
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within-school residuals, shown in Figure 4a, provide an estimate of the
lower boundary of the teacher effect, which was estimated at 0.24 months
(p <0.05) for the Black—White reading gap, 0.16 months (p > 0.10) for the
math gap, and approximately zero for the Hispanic—-White gap."!

The sum of the within- and between-school residuals (Figure 3) argu-
ably provides an estimate of the upper boundary of the teacher effect.
Figure 3 indicates a teacher effect of 0.33 months for Black children in
both reading and math, but no statistical effect for Hispanic children.
These findings suggest that inequitable access to an effective teacher plays
asignificant role in Black—White achievement gaps that accrue during first
grade; however, it has little to no effect on Hispanic—-White gaps.

DISCUSSION

This section discusses several aspects of the results, including Black-
Hispanic differences in the findings, the effects of classroom heterogene-
ity and classroom context, the implications of the results to policy and
practice, and the limitations of the study.

BLACK-HISPANIC DIFFERENCES

Substantial differences in the magnitudes and origins of the Black-
White and Hispanic—White first-grade achievement gaps were noted in
this study. At the start of first grade, Black—-White gaps were only margin-
ally larger than Hispanic-White gaps (see Figure 2a; 7% larger for read-
ing and 30% larger for math), but the change in the Black-White gaps
that accrue during first grade were substantially larger (see Figure 2b,
Total; 75% larger for reading and 64% larger for math). Another note-
worthy difference is that after controlling for student inputs (see Figure
2b, Student), inequity among classrooms within the same schools contin-
ued to contribute to Black—-White gaps, but not to Hispanic—White gaps
(Figure 4a, Student). This within-school component to the Black—White
gap appears to be due to two sources. First, inequity in the contextual
characteristics of classrooms significantly contributed to Black-White
gaps, but not to Hispanic—-White gaps, accounting for 33% of the Black—
White within-school reading gap and 43% of the math gap (see Figure
4a; based on the change in the gaps estimated from the Student mod-
el to the gaps estimated from the Classroom Context model). Second,
Black children tended to be assigned to teachers who were less effective
compared with teachers that White children in the same school were as-
signed to (see Figure 4a, Classroom Context), which increased the read-
ing gap by approximately 0.24 months.
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CLASSROOM HETEROGENEITY

The results indicate that classroom heterogeneity tended to undermine
student learning, but did not appreciably contribute to achievement
gaps. Three measures of classroom heterogeneity—variation in reading
achievement, proportion of new students, and proportion of gifted stu-
dents—were negatively associated with achievement gains (see Table 2,
Classroom Context model). Of those, variation in reading achievement
had the largest effect. However, as the Appendix Table shows, White
children, on average, were members of classrooms with slightly great-
er heterogeneity in reading achievement (variance = 0.57) compared
with Black (0.53) or Hispanic (0.46) children. Hence, controlling for
classroom heterogeneity in reading achievement had little effect on the
Black-White achievement gaps while narrowing the Hispanic—White
gaps slightly. And although the classrooms that Black and Hispanic
children were members of had slightly higher proportions of new and
gifted students, those factors were only marginally associated with
achievement gains and thus also did not appreciably contribute to the
achievement gaps.

CLASSROOM COMPOSITION

The student composition of the classroom (i.e., mean SES, mean read-
ing achievement, and mean math achievement) was the type of contex-
tual variable most strongly associated with achievement gaps (see Table
2). The effects of these variables estimate their impact on learning over
and above the students’ own SES and achievement background. This
finding is not surprising because an extensive body of research shows
that the composition of the student body affects educational outcomes
(Anderson, 2010; Coleman et al., 1964; Jencks & Phillips, 1998; Palardy,
2013; Rumberger & Palardy, 2005). That literature suggests socioeco-
nomic composition impacts educational outcomes primarily through
peer effects and instructional practices. That is, during interactions with
other children at school, students convey social norms, educational val-
ues, and academic skills (e.g., vocabulary) that impact their classmates’
behaviors, attitudes, and achievement (Coleman et al., 1966; Hanushek
et al., 2003; Jencks & Mayer, 1990; Palardy, 2013). These peer influences
tend to undermine student outcomes at schools with high concentra-
tions of low SES students and low-achieving students. Student composi-
tion, particularly socioeconomic composition, also tends to be associated
with the rigor of instructional practices and curriculum (Betts, Rueben,
& Danenberg, 2000; Clotfelter et al., 2002; Stipek, 2004). Some have
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argued that such differences in instructional practices between high and
low SES classrooms can be constructive adaptations that match rigor with
students’ cognitive development and classroom behaviors (Coleman,
1966; Thrupp, 1999). However, other research indicates that when cou-
pled with appropriate social supports, rigorous instructional practices
and curricula can increase achievement in disadvantaged schools (Lee
& Smith, 1999).

Within- and Between-School Compositional Effects

Between-school inequity in classroom composition plays a substantially
greater role in the development of achievement gaps than within-school
inequity in classroom composition (to illustrate, compare Figures 4a
and 4b on change from Student model to Classroom Context model).
There are two reasons for this. First, classroom composition varies far
more between schools than within schools, so there is more potential for
between-school ethnic inequity. For example, mean classroom SES varies
17 times more between schools than within schools, and mean classroom
reading and math achievement vary 2.1 and 2.6 times more between
schools. Second, Black and Hispanic children are significantly more
likely than White children to attend schools with compositional charac-
teristics that research has linked to negative peer influences (Greenwald
et al., 1996; Hanushek et al., 2003; Jencks & Mayer, 1990), ineffective
teaching practices (Baron et al., 1985; Jussim et al., 1996; Stipek, 2004),
and academically undemanding curricula (Gamoran, 1992). Table 3 was
constructed using ECLS first-grade data to facilitate ethnic comparisons
of the distributions of key measures of student composition. The table
shows the percent of students from each ethnic group that attended
schools in each quintile of four compositional variables, where 1 is the
lowest quintile and 5 is the highest. For example, the Black and Hispanic
children are more than three times more likely than White children to
attend a school in the lowest quintile for mean SES. Conversely, White
children are roughly three times more likely than Black and Hispanic
children to attend a school in the highest quintile for mean SES. Similar
distinct ethnic inequity in the student composition of schools was noted
for mean reading and math achievement, and misbehavior rate. The
magnitude of these between-school differences in student composition
is the primary reason why the between-school effects on achievement
gaps are larger than the within-school effects.

o
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Table 3. Ethnic Percentages by Quintile of School Composition Measure

Quintile Mean SES Mean Reading Mean Math Mean Misbehavior
B H w B H W B H W B H A\

1 36 39 11 33 39 8 43 33 8 12 16 24
2 23 22 17 25 18 19 27 24 16 12 16 23
3 20 14 22 27 19 19 18 20 21 16 24 20
4 12 15 23 7 14 27 8 11 27 25 20 18
5 9 10 27 8 10 27 4 12 28 35 24 15

All estimates are weighted to produce an approximately nationally representative
sample of first graders.

IMPLICATIONS FOR POLICY, PRACTICE, AND RESEARCH
Within-School Effects

A major finding of this study is that Black children had less effective teach-
ers than White children in the same schools and were members of class-
rooms with compositional characteristics less conducive to learning. These
within-school sources of inequity contributed to Black-White achieve-
ment gaps that accrued during first grade. Moreover, they likely stem from
non-random assignment of students to classrooms. Non-random student
assignment practices in elementary school have been documented in the
research literature (Burns & Mason, 1998, 2002; Praisner, 2003; Rothstein,
2010). This typically occurs when principals purposefully assign students
with certain characteristics or special needs to teachers who are believed
to be most able or willing to productively work with them (Burns & Mason,
1998). While purposeful assignment may benefit some children, it tends
to create imbalances in student composition that can negatively impact
average learning in certain classrooms. That these student placement
practices appear to systematically disadvantage Black children is trou-
bling. More research is needed to ascertain the prevalence of purpose-
ful student assignment practices, how it impacts classroom composition
within schools, and how it potentially creates inequity that contributes to
achievement gaps.

Between-School Effects

As described above, Black and Hispanic children are far more likely to
attend schools with classroom compositional characteristics that under-
mine studentlearning. This inequity was the strongest school-based factor
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contributing to achievement gaps that accrued during first grade. To the
degree that these between-school compositional effects are due to peer
influences or to concomitant teaching and school practices, addressing
them fully will likely require redistributing children among schools so
that schools are more equal in terms of student composition. To that
end, a focus on equalizing schools on socioeconomic composition may
be the best strategy because previous research has shown that socioeco-
nomic composition is the most robust school predictor of educational
outcomes (Coleman et al., 1966; Rumberger & Palardy, 2005), and be-
cause it is correlated with other compositional measures. For example,
among the 254 schools in the ECLS data, mean SES had a moderate to
strong positive correlation with mean reading and math achievement
(0.68 and 0.66, respectively) and a moderate negative correlation with
the percentage of new students who transfer into the school mid-year
(-0.43) and percent URM (-0.45). Successful strategies for redistributing
students among schools will have to overcome structural barriers such as
socioeconomic segregation in neighborhoods, and district boundaries
(Mantil, Perkins, & Aberger, 2012). Many past efforts to redistribute stu-
dents to reduce compositional differences relied on compulsory trans-
portation plans (i.e., desegregative busing) and were unpopular, costly,
and arguably ineffective. More effective strategies may include redraw-
ing district and school boundaries, deliberately locating new schools to
maximize compositional diversity, and using school assignment criteria
based partially on student SES, the latter of which is already being used
in at least 83 school districts in the United States (Kahlenberg, 2012).
In the longer term, a concerted effort to increase low-income housing
developments in middle class neighborhoods is imperative if neighbor-
hoods and schools are to diversify and resolve this matter.

Teacher Qualifications Versus Teacher Effectiveness

While URM children tend to be served by slightly less qualified teachers
in terms of certifications, experience level, and graduate training, qualifi-
cations are weak indicators of teacher effectiveness and are only scarcely
associated with first-grade achievement gaps. This suggests policies and
practices that focus on addressing achievements gaps by assuring equi-
table access to qualified teachers (e.g., NCLB) will not succeed in closing
gaps nor will they have an appreciable impact on average achievement.
In this study, Black children had significantly less effective teachers than
White children in terms of their contributions to student learning in both
reading and math (see Figure 3, Class Context model). It is worth noting
that the magnitudes of those effects were likely underestimated. That is
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because teachers are not randomly assigned to schools. In fact, research
suggests that less effective teachers are more likely to end up at schools
with contextual characteristics that are negatively associated with learn-
ing (Boyd, Lankford, Loeb, & Wyckoff, 2005; Carroll, Reichardt, Guarino,
& Mejia, 2000; Haberman & Rickards, 1990; Johnson et al., 2012). If so,
teacher effectiveness and classroom context are expected to be correlated.
To the degree that those two factors are correlated, controlling for class-
room context may bias downward the magnitude of the effect of access to
effective teachers on achievement gaps. This is particularly the case for the
between-school effect of access to effective teachers.

Class Size

Another contextual factor that contributed to between-school achieve-
ment gaps is class size. Large class size (enrollment > 25) was negatively
associated with student achievement gains (Table 2). As the Appendix
Table indicates, Black and Hispanic children are 50%-60% more likely
to be members of large classes than White children. Moreover, previous
research reveals large class size has a stronger negative impact on Black
children’s achievement than on White children’s (Krueger & Whitmore,
2001). Together these findings indicate that the children who are most
negatively affected by large classes are also most likely to be placed in
them, and this likely contributes to achievement gaps.

Class size reduction reforms began gaining prominence in the 1990s
and were federally supported in 2000. By 2010, 35 states had laws lim-
iting the number of students per class (Sparks, 2010). However, several
states have recently relaxed or eviscerated class size policies due to bud-
getary pressures (Kirst, 2011). As a result, over the past two years average
class size has rapidly increased in some states. The results of the current
study and of previous research suggest that these recent increases in class
size will disproportionally affect URM children and lead to increases in
achievement gaps. While an argument can be made that class size reduc-
tion policies are not cost effective, inequity in class size seems indefen-
sible, particularly if it contributes to achievement gaps. Therefore, state
and federal policies that require class size equality are recommended. In
addition, new research is needed on the effects that past class size reduc-
tion policies had on achievement gaps, as much of the research on class
size is based on data collected at least two decades ago, before major re-
forms were implemented.
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LIMITATIONS

This study has limitations that are important to acknowledge. While ECLS-K
is an outstanding data source for addressing the research questions, it is
observational data, and therefore causal inferences are difficult to ascertain.
Although a careful effort was made to minimize selection biases of students
and teachers into schools and classrooms when estimating the effects of
school-based inequity, it is difficult to verify whether other confounding fac-
tors have been omitted. Also, while the results of this study likely generalize
to early elementary school grades, they may not be applicable to higher
grade levels, particularly middle school and high school where different as-
pects of school-based inequity may matter. Finally, the current study probes
average achievement gaps, but does not test for heterogeneity in the gaps.
For example, the Black-White reading gap may differ among low and high
SES children, which could have implications for addressing the gaps.

SUMMARY AND CONCLUSIONS

The results of this study provide new evidence on the degree to which in-
equitable access to learning-conducive classrooms, highly qualified teach-
ers, and effective teachers contribute to achievements gaps that accumu-
late during first grade. Substantial achievement gaps exist between URM
and White children at the start of first grade and they increase significant-
ly during first grade (Bali & Alvarez, 2004; Fryer & Levitt, 2004; Reardon,
2008; Reardon & Galido, 2009). The results show a substantial proportion
of the gaps that accumulate during first grade can be attributed to school-
based inequalities even after controlling differences in a large number of
student background characteristics. In fact, school-based factors account
for an approximately three times greater proportion of achievement gaps
that develop during first grade than proportion of achievement gains.
While URM children tend to be served by slightly less-qualified teachers
in terms of certification, years of experience, and advanced degrees, that
inequity contributes only a miniscule amount to achievement gaps. This
suggests that current educational policies that focus on equitable access to
qualified teachers are misguided, at least for first grade. A far more criti-
cal factor is the contextual characteristics of classrooms, primarily the com-
position of the student body, which systemically disadvantages Black and
Hispanic children and is the largest school-based factor that contributes to
achievement gaps. Controlling for differences in contextual characteristics
of classrooms reduces the school-based achievement gaps by 55%-75%, de-
pending on the subject of the test and the ethnicity group. While these com-
positional effects mostly operate between schools, there is also a significant
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within-school effect for Black children, who tend to be assigned to class-
rooms with more negative contextual factors compared with White chil-
dren. Moreover, again compared with White children in the same school,
Black children tend to be assigned to teachers that are less effective in
terms of the average achievement gains of their students. In light of this
within-school inequity, a greater awareness of the potentially negative con-
sequences of student assignment practices is needed. However, address-
ing the between-school inequality, which is primarily due to differences
in student composition, will likely require redistributing students among
schools so that schools are more equal in terms of student composition.

NOTES

1. In this study underrepresented minority refers to Black and Hispanic children.
Similarly, achievement gap refers to the difference in mean achievement levels of
URM and White children.

2. A qualified exception is the research on within-school tracking (for example,
see Oakes, 2005). However, this literature does not focus on the classroom unit per
se, but rather curricular tracks.

3. The two-stage stratified sampling design used to collect ECLS data involved
oversampling certain groups to assure adequate sample sizes for statistical analyses
of those groups. NCES developed a number of sampling weights that, when ap-
plied to the appropriate subsamples, correct for the oversampling and yield na-
tionally representative samples of 1998 kindergarteners. This study uses the weight
for the longitudinal first-grade sample (C3C4cw0).

4. To investigate whether the sample selection criteria introduced sampling bias,
the weighted full first-grade longitudinal sample and the weighted sample used in the
present study were compared on key variables including the achievement outcomes,
SES, and proportion URM. Variable means (or proportions) and standard deviations
were highly similar in the two samples, and no statistical differences were found.

5. The duration between fall and spring achievement test administrations varied
widely among children in ECLS data. Therefore, accurate estimation of achieve-
ment gains necessitated statistically controlling for differences in that duration.

6. Empirical Bayes (EB) classroom and school residuals were used. The EB resid-
uals are less influenced by estimation error than OLS residuals and are “shrunken”
or adjusted based on their reliability (see Raudenbush & Bryk, 2002).

7. Note that the standard errors for the ANOVAs were adjusted to account for
design effects.

8.While the upper boundary of the teacher effectiveness estimate is more ambigu-
ous to define than the lower boundary, the sum of the classroom and school residu-
als (mes + uoos) may be a plausible or even conservative estimate. At the core of the
ambiguity is that teachers are not randomly assigned to schools. Indeed, it is reason-
able to expect that teachers tend to self-select into the schools based in part on their
effectiveness. That is, effective teachers likely have greater opportunity to determine
the school they work at. Moreover, recent research indicates that when given a choice
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of schools to teach at, teachers tend to select a school with favorable contextual char-
acteristics (Johnson et al., 2012). This results in teacher effectiveness being corre-
lated with the contextual characteristics of the school. Hence, if the model controls
for those contextual factors, as is the case in the present study, the magnitude of
teacher effectiveness estimates may be biased downward. However, the alternative
approach—not controlling for classroom context when estimating teacher effective-
ness—would be of even greater concern because it assumes that context does not
independently impact student learning. On the contrary, research indicates that the
independent effect of context is substantial (Willms, 2010). This is perhaps why the
methodology literature on VAM recommends controlling for context when estimat-
ing teacher and school effectiveness (Willms & Raudenbush, 1989).

Another source of ambiguity regarding the upper boundary is that some part
of the school residuals reflects school effects that are unrelated to teacher effec-
tiveness. For example, the effectiveness of the principal’s leadership or per-pupil
expenditures may be associated with student achievement gains independent of
teacher effectiveness. To the degree that such “true” school factors impact achieve-
ment gains in first grade, the sum of the classroom and school residuals may over-
estimate the teacher effect. However, at the early elementary school level where
children spend the vast majority of their school day in a single classroom and are
taught by a single teacher, “true” school effects are expected to be small.

9. The multilevel modeling convention is to describe the percentage or propor-
tion of the variance at each level based on the unconditional model. However, dif-
ferences in student inputs among classrooms and schools will partially account for
classroom and school variance, and the classroom and school variance explained
by those factors is arguably not a classroom or school effect. Yet controlling for
differences in student inputs will also reduce student variation, and therefore the
proportion of the variance at each level tends to be somewhat consistent whether
or not student inputs are controlled.

10. SD metric in Figure 2a is not comparable with the other figures because the
outcome is achievement status, while the outcome in the other figures is achieve-
ment gains. However, the month metric is comparable across figures.

11. The square root of the classroom variance component can be interpreted as
the standardized regression coefficient or effect size estimate for teacher effective-
ness on student achievement gains (Nye, Konstantopoulos, & Hedges, 2004). The
within-school variance component results for the classroom composition model
(see Table 2), which can be considered the lower boundary, indicate effect sizes
of 0.30 (i.e.,v0.09064/0.0906) and 0.25 for teacher effectiveness on reading and
math achievement gains. These estimates are consistent with estimates by Nye et
al. (2004) using data from a large-scale random experiment (0.26 and 0.36) and
with estimates from their literature review. Combining within- and between-school
variance components yields the proposed upper boundary, which suggests effect
sizes of 0.38 (i.e., v/0.0906+0.0559) and 0.33 for reading and math. These estimates
are also similar to those of Nye et al. (2004). This consistency of results can be con-
sidered validation of the estimation approach used in the current study.
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APPENDIX

Table 1. Variable Descriptive by Ethnic Group, Means and Standard

Deviations
Variable Name  Total Black Hispanic White Description (ECLS variable
label)
Student Variables (Level-1, N = 3,496)
Measurement Control
Time 684 674 704 678 ﬁ‘;":‘;ﬁﬁ;‘::ﬁ’;;ﬁgws
Adjustment (0.67)  (0.60) (0.64) (0.67) (c4asmtc3asmt)
Achievement Test Score Outcomes
Reading 0.00 -0.47 -0.33 0.12  Spring first-grade reading
Achievement®*  (1.00)  (0.97) (1.01) (0.96) achievement (c4rrscal)
Math 0.00 -0.53 -0.33 0.21  Spring first-grade math
Achievement** (1.00)  (0.96) (1.02) (0.94) achievement (c4rmscal)
Demographic Characteristics
(1.00)  (0.89) (0.91) (0.97) P . .
occupational prestige (wlsesl)
Female 049 047 051 0.49 Recodedto0=male, I =
female (gender)
Asian 0.02 — — — (race =b5)
Black 0.14 — — — (race = 2)
Hispanic 0.16 - - - (race =3 or 4)
Other 0.05 - - - (race = 6, 7, or 8)
Age* 86.97 86.38 86.92 87.19  Age in months at spring of first
8 (4.21) (4.20) (4.18) (4.20) grade (R4AGE)
Non-English home language
ik
ELL 0.08 0.01 0.39 0.01 (WKLANGST = 1)
Academic Background
Fall Reading 0.00 -0.34 -0.31 0.10  Fall first-grade reading IRT
Ach** (1.00)  (0.87) (0.91) (0.97)  scale score (c3rrscal)
. 0.00 -0.50 -0.39 0.19  Fall first-grade math IRT scale
ek
Fall Math Ach™ 1 600 091)  (0.95)  (0.96) score (cSrmscal)
. Preschool was primary pre-K
ok
Preschool 0.44 0.37 0.33 0.50 care (P1PRIMPK = 6)
Head Start** 007 018 009 004 HicadStartwas primarypreK
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Variable Name  Total Black Hispanic

‘White

Description (ECLS variable

label)
s Parent reported disability
Disabilityt 0.13 0.12 0.08 0.14 (PIDISABL = 1)
Classroom Behavior
Interpersonal 0.00 -0.28 -0.08 0.10  Level of interpersonal skills
Skills*# (1.00)  (1.03)  (0.97)  (0.99) (T4INTERP)
Internalizin 0.00 0.09 0.01 -0.02  Internalizing problem
] (1.00)  (1.09) (0.94) (0.99)  behaviors (T4INTERN)
Externalizing® 0.00 0.33 -0.02 -0.07  Externalizing problem
J (1.00)  (1.21) (0.88) (0.96)  behaviors (T4EXTERN)
Self-control®* 0.00 -0.31 -0.09 0.10  Level of self-control
(1.00)  (1.09) (0.95) (0.97) (T4CONTROL)
Approachesto  0.00 033 -0.06 0.09 fe'ii?:;rzsgzge;“em
1 Sk
Learning (1.00)  (1.06) (0.99) (0.96) behaviors (TALEARN)
Absenteeism* 7.97 7.81 8.81 7.59  Total days absent during first
(7.63)  (6.37) (7.45) (7.48) grade (U4ABSN)
Parental Home Involvement and Beliefs
Outside 0.00 -0.06 -0.11 0.06  Frequency of reading outside
Reading (1.00)  (1.07) (1.06) (0.96)  of school (P4HEQO030)
i;ﬁ%ﬁis with 0.00 0.13 -0.11 0.01  How often practice numbers
child#* (1.00)  (0.95) (1.09) (0.97) (PARDWRNM)
. . 0.00 0.09 0.06 -0.05  Parental beliefs in reading
Reading Ability 1 05)  (0.93)  (0.98)  (1.02) ability (P4BELRDG)
e 0.00 0.04 0.06 -0.03  Parental beliefs in math ability
Math Ability (1.00)  (0.97)  (1.04)  (1.00) (P4BELMTH)
Ienore 0.00 0.01 0.00 -0.01  Don’tlisten to child when
8 (1.00) (1.06)  (1.05)  (0.98) impatient (PAIMPATN)
Teacher/Classroom Variables (Level-2, N = 877)®
Classroom Context
Student Composition
0.08 -0.32 -0.23 0.26  Classroom Mean of SES
e ki
Mean SES (0.95) (0.83)  (0.87)  (0.94) (wlses))
Greater than 40% of stu-
High Minority**  0.28 0.67 0.56 0.09  dents are Latino or African
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Description (ECLS variable

Variable Name  Total Black Hispanic White
label)

Mean classroom math
achievement (classroom mean
on c3mrscal)

0.14 -0.28 -0.23 0.36

Mean Math** (0.86)  (0.78)  (0.89) (0.79)

Mean classroom reading
achievement (classroom mean
on c3rrscal)

Mean 010 0.15 0.18 0.26
Reading** (0.86) (0.81)  (0.88)  (0.81)

0.03 -0.17 0.14 0.08  Teacher ratings of class

Misbehavior (1.01)  (0.99)  (0.96)  (1.01) misbehavior (Adbehvr)
Student Heterogeneity
Math 0.54 058 0.48 0.54 Classroom variance in math

achievement (classroom

Heterogeneity (0.46)  (0.47) (0.45) (0.46) variance on c3mrscal)

Classroom variance in reading
achievement (classroom
variance on c3rrscal)

Reading 0.54 0.53 0.46 0.57
Heterogeneity (0.58) (0.57) (0.54) (0.60)

Propolruon 0.15 017 0.20 013 % new students (a4new/
New** a4dtotag)
Proportion Proportion of the students who

oportio 0.09 0.11 0.11 0.08  left the classroom during the
Left}

school year (a4left/a4totag)

Proportion Proportion of students classi-
Gifted 0.02 0.03 0.03 0.02 fied as gifted (adgift/a4totag)
Proportion % of students with disability
Disabilityt 0.08 0.07 0.06 0.08 (addisab/a4totag)

Structures and Resources

More than 25 students in class

Largef 0.12 0.16 0.15 0.10 (adtotag > 25)

Smallt 011 0.10 0.07 0.13 Fewer than 17 students in class
(adtotag < 17)

Adequate 0.04 -0.30 -0.01 0.13  Adequate basic equipment and

supplies™* (0.96) (1.23) (1.00) (0.86) supplies (FS)

Adequate 0.03 0.02 -0.07 0.07  Adequate instructional

materialst (0.97)  (0.99) (0.96) (0.94) materials (FS)

Adequate 0.02 -0.04 -0.06 0.04  Adequate instructional

technologyt (0.96) (1.11) (0.95) (0.92) technology (FS)

Adequate 0.00 0.03 -0.03 0.02  Adequate physical facilities

facilities (0.98) (1.11) (0.99) (0.93) (FS)
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Variable Name Total Black Hispanic White Description (ECLS variable

label)
Teacher Qualifications
gl s o omos b beadmd dee
Bl on o om o STReeampr
oy 07 078 0mom Rl ot

Note: Continuous variables were standardized to a mean of 0 and standard de-
viation of 1 unless the units of measurement were inherently meaningful (e.g.,
age in units of months). Student variables were standardized at the student level
and classroom variables were standardized at the classroom level.* The classroom
sample size is 877; however, the means and standard deviations for classroom vari-
ables on this table have been disaggregated to the student unit of analysis for the
purpose of showing the distributions by ethnic group. All variables on the table
were weighted using the student weight, C34CWO. FS = factor score. Standard er-
rors, and by extension statistical significance levels, were adjusted to account for
the cluster sampling design used by NCES.
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