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Background / Context:

Most public schools and districts must face the problem of how to help low-achieving
students and efficiently target resources, particularly in the face of accountability under No Child
Left Behind. One policy that has been employed is grouping students into classrooms by their
measured or perceived ability—a process known as tracking. Research has shown, however, that
this practice disproportionately assigns minority and low-income students to low-track classes
(e.g., Gamoran, 2009; Oakes, 2005) and may increase inequality between high and low-
achieving students (e.g., Esposito, 1973; Gamoran, 1987; Oakes, 2005), without an average gain
in student achievement in the school or district (e.g., Esposito, 1973; Gamoran, 2009; Kulik and
Kulik, 1982; Slavin, 1990).

Despite the large number of reports examining outcomes in tracked and de-tracked
classrooms, few large-scale studies have undertaken to look at the mechanism by which tracking
may help or harm students, namely the quality of instruction. Opponents of tracking have argued
that students who are placed in higher tracks have more qualified teachers and a more
challenging classroom environment, which exacerbates existing achievement gaps; tracking
proponents argue that separating students by ability allows teachers to more effectively target
instruction to the diverse needs of students in their schools (Gamoran, 2009; Loveless 1999). In
both cases instruction is the linchpin in making tracking or de-tracking work for students, so
understanding the importance of teaching is paramount.

Yet, the vast majority of the studies in this area are small case studies using two or three
teachers or schools (e.g., Boaler, 2006; Horn, 2006; McDermott, Rothenberg and Martin, 1995;
Rubin, 2008; Watanabe, 2008). The few studies that have quantitatively examined mathematics
instruction have generally relied on teacher self-report (Epstein and Maclver, 1992), focusing
either on non-subject-specific teacher behaviors, such as classroom management, climate and
teacher enthusiasm, or on curricular materials over instruction (Evertson, 1982; Oakes, 2005).
To answer the question of whether instructional quality has an impact on the relationship
between tracking and math achievement, we must start with a mathematics-specific definition of
high quality instruction and carry that through a full quantitative mediation analysis.

The definition of high-quality mathematics instruction I will use begins with the National
Council of Teachers of Mathematics (NCTM) standards, which are cited by many as what counts
as “good” mathematics teaching and learning (e.g., Freeman and Crawford, 2008). These
standards focus on the teacher knowing “what students know and need to learn,” challenging all
students and emphasizing conceptual understanding over procedural fluency alone (NCTM,
2000). The focus on conceptual understanding in particular links to prior research by Oakes
(2005) and others qualitative researchers, who argued that a focus on explanation, justification
and deeper understanding, in contrast to carrying out known procedures, prepares students for
higher status jobs where more independent thinking is required.

Purpose / Objective / Research Question / Focus of Study:

This research focuses on the role of instructional quality in mathematics as a mediator
between tracking and student achievement, and addresses the following research questions: 1)
Are there measurable differences in instructional quality between teachers in tracked and
untracked settings? 2) Between high- and low-track classrooms? 3) Do these differences
mediate the relationship between track level (high- versus low-track) and student achievement?
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Setting:

This analysis uses data from the Middle school mathematics in the Institutional Setting of
Teaching (MIST) project at Vanderbilt University. MIST is an ongoing National Science
Foundation-funded project examining the relationship between institutional supports,
instructional practices and student learning in 30 middle schools in four large, urban districts.
These districts were selected because they are undertaking instructional improvement initiatives
in mathematics and have adopted inquiry-oriented curricula, such as the Connected Math Project
(CMP). In each of the four districts, six to ten middle schools were selected in collaboration
with central office staff to be representative of the district. Within these schools, teachers were
randomly selected and recruited to participate in the study.

Population / Participants / Subjects:

As a part of the MIST project, nearly 120 teachers in four districts have been videotaped
during instruction for two consecutive days, and their students’ achievement data has been
collected. This data included the current year mathematics achievement test results as well as
two prior years’ scores, which were standardized to state distributions by grade and year.
Demographic data were also collected, including grade level, gender, race, free/reduced-price
lunch, English Language Learner and Special Education status.

This sample of teachers is 66% female, with an average age of 39. The vast majority
(91%) of teachers in MIST schools were fully certified, and 38% were non-white. The average
years of experience in teaching mathematics was 9.4, but this varied greatly among the four
districts. In district A, teachers had an average of 14 years of experience, while in district B, the
average was less than eight. More than half of MIST teachers had a bachelor’s degree as their
highest degree, while 42% had a master’s degree. This also varied by district: in district D
nearly 70% of teachers hold a master’s degree, while only 20% of district B teachers had a
master’s.

Intervention / Program / Practice:

“Tracking” is a word that has been used to describe a wide variety of policies and
behaviors in schools. In this analysis it refers to sorting students at a classroom level by
measured or perceived ability. Likewise, there are many ways to measure instructional quality.
In this analysis, | will use a definition derived from the NCTM standards and measured by the
Instructional Quality Assessment (IQA).

This study focuses on IQA’s Academic rigor rubrics: Task Potential, Implementation,
and Discussion. The Task Potential rubric is based on ratings of the cognitive demand of the
task as written. High cognitive demand tasks are conceptualized as those with multiple solution
paths and those that allow students to make connections between ideas and communicate their
thinking. The Implementation rubric rates the level of cognitive demand actually required
during the class period. The authors argue that teachers can and often do change the level of
cognitive demand of a task over the course of the period. Finally, the Discussion rubric rates the
“level of cognitive processes evident in the discussion” (Boston and Wolf, 2006, p. 13). High
quality discussions require students to justify and compare their solution strategies to come to a
deeper understanding of the underlying mathematics in the problem.

Research Design:
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The first two research questions discussed above seek to establish the quantitative
relationship between tracking and instructional quality. To address these questions, the
dependent variables will be 1QA ratings on the “Task Potential,” “Implementation,” and
“Discussion” rubrics. Although the IQA scores are on an ordinal scale, | will dichotomize them
to compare high quality (levels 3 and 4) to low quality (levels 1 and 2) instruction. The split
between 1QA level two and three is supported by the literature in the focus on the difference
between instruction that emphasizes procedural learning without connections to the underlying
mathematics and instruction that emphasizes conceptual learning (e.g., Horn, 2006; NCTM,
2000; Oakes, 2005; Stein et. al, 1996).

As mentioned above, the dataset used for this paper includes students of selected teachers
and schools in four large, urban districts. This clustering of the data suggests a multi-level model
approach to avoid the problem of correlated error terms (Raudenbush and Bryk, 2002). The
models for these two research questions will require two-level models: teachers nested within
schools. The tracking variables are teacher-level, as is the teacher’s instructional quality.

For the third research question, | examine the role of instructional quality as the
mechanism by which tracking affects achievement. This is illustrated in Figure 1. (Please insert
Figure 1 here). While Baron and Kenny established the basic approach to testing for mediation
in a linear regression approach, more recent research has extended this approach to working with
multi-level data (Krull and MacKinnon, 1999, 2001). These researchers have pointed out that
examining the impact of a group-level variable on an individual-level outcome will result in
correlated error terms, as discussed above, violating a basic assumption of OLS. Therefore, this
analysis will also use multi-level models with students nested within classrooms within districts.

Student achievement data will be entered at the first level, and track-level variables and
teacher 1QA ratings will be entered at the second (classroom) level. The district level will
include only district-level random effects. Student and classroom control variables will also be
included.

Data Collection and Analysis:

As discussed above, MIST participating teachers were observed in their classroom during
to (ideally consecutive) days of instruction each year for four years. These classroom
observations were scored using the Instructional Quality Assessment (IQA) each year.
Additionally, the students’ current and two prior years of achievement test results were collected
from the district. As a part of the MIST study, data on tracking and track-level was collected
through one-on-one interviews with teachers and principals, in which we asked whether classes
were grouped by skill level (tracked) and what those levels were (track level). Principals
provided an overall view of the courses offered at the school and how students were placed in
them, while teachers provided the information on their particular classes. We then used this
information to verify course files from the school and district. If a track level still could not be
determined, we used the average prior achievement of the students in the course to assign a track
level.

Findings / Results:

Analysis of the MIST data confirms the prior research finding that there is no statistically
significant difference between tracked and untracked settings in achievement, but that there is a
significant gap between high and regular/low-track students in the same schools. Controlling for
prior achievement and student demographics, the size of this difference is nearly one standard
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deviation when using OLS. Applying the multi-level model and controlling for classroom
characteristics, the size of the difference is reduced to about 0.1 standard deviations, and there is
significant dependency in the data: the intra-class correlation (ICC, or p) of the students within
classes was 0.485, indicating that about 48.5% of the variation in student math scores is at the
classroom level. Additionally, about 49% of the variation between classrooms is at the district
level, with less than 1% at the school level. Therefore, the third level will be district, rather than
school.

In response to the first research question, whether IQA scores vary by whether the grade level is
tracked or not, | found that tracked classrooms had a significantly higher likelihood of
implementing cognitively demanding tasks, but a significantly lower likelihood of cognitively
demanding discussions. (Please insert Table 1 here)

In response to the second research question, whether IQA scores vary by track level, | found that
high track classes have significantly lower likelihood of choosing rigorous tasks as written
(potential of the task) than regular/low track classes. However, these classes had a higher
likelihood of implementing rigorous tasks, and there was no significant difference between high
and low-track classes in the likelihood of rigorous discussion. (Please insert Table 2 here)

In response to the third research question, whether IQA scores mediate the relationship between
track level and student achievement, | found that less than 0.1% of the relationship between
tracking and student achievement was mediated by Potential of the Task, and the indirect effect
(the impact of tracking on student achievement through potential of the task) was not statistically
significant. A slightly greater proportion of the relationship was mediated by Implementation of
the Task (about 3%), but the indirect effect was still not statistically significant. Likewise, more
than 10% of the relationship between tracking and achievement was mediated by discussion
scores, but the indirect effect was not statistically significant (p=0.16). | also examined the
mediation effect of these three rubrics combined. When combined, the three measures mediate
approximately 12.5% of the relationship between track level and student achievement, but the
indirect effect is still not statistically significant (p=0.13).

Conclusions:

This analysis found only a small mediation effect of instructional quality on the relationship
between track level and student achievement. This indicates that other variables are driving this
relationship besides a difference in rigorous tasks and mathematical discussions. Potential
competing theories include teacher characteristics (which were not controlled here) and
classroom characteristics such as behavior management and classroom climate, which are not
measured by the IQA.

These analyses suffer from several barriers to inferring causality. First, this sample included
only a small number of classrooms in a given year: about 120 in each year. Second, the same
teachers were not observed in high- and low-track classes, so there is the potential for spurious
variables in comparing across teachers. Finally, the definition of instructional quality stems from
one put forth by NCTM, and may not be aligned with what is tested on the state tests.
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Appendix B. Tables and Figures

Figure 1

Independent

Variable:
Track Level

Table 1: Relationship between Tracking and IQA

Dependent

Variable: Student
Achievement

Potential Implementation Discussion
b SE b SE b SE
Tracked -0.20 (0.11) 1.397 (0.13) 0437 (0.13)
Year 2 -0.757 (0.07) -0.627 (0.08) 0367 (0.09)
Year 3 059" (0.07) -0.06 (0.07) -0.197 (0.09)
District B -0.98 (0.75) -1.26 (1.04) 0.53 (1.21)
District C -2.33" (0.78) -2.66 (1.12) -0.87 (1.27)
District D -0.70 (0.75) -1.74 (1.04) 1.82 (1.21)
Class is 7th grade -0.00 (0.09) -0.937" (0.09) -1.407" (0.12)
Class is 8th grade 0.22" (0.08) -0.407" (0.08) -0.407" (0.09)
Pct FRL 0.12 (0.23) 2577 (0.25) -3.107" (0.27)
Pct LEP 1.93™ (0.37) 1.997 (0.37) -0.28 (0.45)
Pct SPED 0.33 (0.27) 2.207" (0.28) 3977 (0.41)
# of test-takers inclass ~ -0.02" (0.00) -0.057 (0.01) -0.04™ (0.01)
Pct Minority 0.32 (0.34) 212" (0.37) 3577 (0.46)
Constant 263 (0.57) 454" (0.76) -0.87 (0.90)
Level 2
Constant 0.36" (0.16) 072" (0.16) 085" (0.17)
Observations 7309 7309 7309
§tandard errors in parep*gheses
p<0.05 p<0.01, p<0.001
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Table 2: Relationship between Track Level and IQA

Potential Implementation Discussion
b SE b SE b SE
High Track -0.317 (0.11) 057" (0.13) 1.23™ (0.18)
Year 2 -0.68" (0.09) 087" (0.10) -0.21 (0.12)
Year 3 -0.757 (0.09) -0.26" (0.09) 0.31 (0.12)
District B -1.13 (1.09) -1.87 (1.71) 2.49 (1.95)
District C -2.66" (1.14) -4.54" (1.87) -0.72 (2.08)
District D -1.05 (1.27) -2.16 (2.00) 4.98" (2.26)
Class is 7th grade 0.68"" (0.11) 1197 (0.12) 2917 (0.20)
Class is 8th grade 072" (0.10) -0.32" (0.10) 0477 (0.12)
Pct FRL -0.73" (0.35) 3557 (0.43) -5.48"" (0.54)
Pct LEP 3597 (0.44) 335 (0.43) -1.66 " (0.59)
Pct SPED -0.53 (0.31) 254" (0.33) 4247 (0.49)
# of test-takers in class -0.01 (0.01) -0.06"" (0.01) -0.09™" (0.01)
Pct Minority 0.09 (0.46) -0.91 (0.49) 5.017" (0.64)
Constant 2.83" (0.88) 6.30"" (1.30) -1.60 (1.54)
Level 2
Constant 0.69"" (0.20) 1.157 (0.21) 1.24™ (0.20)
Observations 5168 5168 5168
Standard errors in parentheses
p<0.05 p<0.01, p<0.001
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