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Structured Abstract
Background/Context
Most reforms in elementary education rely on teacher learning and improved instruction to increase
student learning. This study increases our understanding of which types of professional development
effectively change teaching practice in ways that boost student achievement.
Purpose/Objective/Research Question/Focus of Study:
Our three-year longitudinal analysis answers two main research questions:
(1) To what extent do teachers’ topic coverage, emphasis on memorization and solving novel
problems, and time spent on mathematics instruction predict student mathematics achievement growth?
(2) To what extent does teacher participation in content-focused professional development predict the
aspects of instruction found in our first analysis to be related to increases in student mathematics
achievement growth?
Population/Participants/Subjects
This study uses data collected by the U.S. Department of Education for the Longitudinal Evaluation of
School Change and Performance (LESCP) in 1997, 1998, and 1999. The LESCP drew its sample from 71
high-poverty schools in 18 school districts in seven states. Our student-level analyses include 7,588
observations over three years of 4,803 students assigned to 457 teachers. Teacher-level analyses include
the same 457 teachers in 71 schools over three years.
Research Design
This is a quasi-experimental longitudinal study. To answer our first research question, we employ a fourlevel cross-classified growth model using MLwiN software, with time points nested within students,
students cross-classified by teachers over the three years of the study, and teachers and students nested
within schools. To answer our second question, we employ a series of hierarchical linear models (HLM)
to test the relationship between instruction and professional development.
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Conclusions/Recommendations
We found that (1) when teachers in third, fourth, and fifth grade focused more on advanced mathematics
topics (defined as operations with fractions, distance problems, solving equations with one unknown,
solving two equations with two unknowns, and statistics) and emphasized solving novel problems,
student achievement grew more quickly, (2) when teachers focused more on basic topics (defined as
measurement, rounding, multi-digit multiplication, and problem solving) and emphasized memorizing
facts, student achievement grew more slowly, and (3) when teachers participated in professional
development that focused on math content or instructional strategies in mathematics (in Year 1), they
were more likely to teach in ways associated with student achievement growth; specifically, they were
more likely to teach advanced topics and emphasize solving novel problems. Effect sizes ranged from 1%
to 15% of a standard deviation.
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Executive Summary
Background and Research Questions
Most reforms in elementary education rely on teacher learning and improved instruction to increase
student learning. This study increases our understanding of which types of professional development
effectively change teaching practice in ways that boost student achievement in mathematics.
Specifically, this study examines relationships between teachers’ participation in professional
development and changes in instruction, and between instruction and student achievement growth, from
third to fifth grade. Using data from the Longitudinal Evaluation of School Change and Performance
(LESCP), a national study of 71 Title I schools, we first examine to what extent specific aspects of the
content of elementary teacher’s self-reported mathematics instruction predict individual student
achievement growth from third to fifth grade. Then we examine to what extent participation in
mathematics-related professional development predicts whether teachers will emphasize the dimensions
of content that we used to predict student achievement growth.
Our three-year longitudinal analysis answers two main research questions:
(1) To what extent do teachers’ topic coverage, emphasis on memorization and solving novel
problems, and time spent on mathematics instruction predict student mathematics achievement growth?
(2) To what extent does teacher participation in content-focused professional development predict the
aspects of instruction found in our first analysis to be related to increases in student mathematics
achievement growth?
Contributions of the Study
Prior work helps establish links among teacher professional development, instruction, and student
learning. However, few studies have attempted to empirically link professional development to student
achievement, and few are longitudinal or include instruction as a mediating variable.
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Compared to previous studies, our work has unique analytic and design features. First, we look
longitudinally at teachers’ instructional practices and participation in professional development over three
years and measure students’ achievement growth over those three years associated with their teachers’
instructional practices. Second, we examine change in teaching practices as a mediator of professional
development’s effects. Third, we measure conceptual emphasis, operationalized as solving novel
problems, and procedural emphasis, operationalized as memorization, as well as coverage of basic and
advanced topics (e.g., calibrated to typical grade-level topic coverage, long division is a basic topic for a
fifth-grader and multi-step equations are advanced); this lets us compare how different topic and cognitive
demand emphases affect achievement growth. Fourth, we examine how content focus, an important
feature of quality professional development, is related to teachers’ topic and cognitive demand coverage.
Fifth, we conduct the analysis on a substantial sample of teachers and students. By combining these
design elements, we can answer our research questions using multi-level longitudinal growth modeling,
uncommon in studies linking professional development, instruction, and student achievement.
Further, our study is conducted with a sample of teachers and students in Title I schools, which spend
significant amounts of money on interventions to help boost achievement for large numbers of struggling
students; these interventions often have teachers’ professional development at their core. The professional
development we are studying resulted from a major policy initiative to improve teaching and learning in
high-poverty schools, thus raising a policy question: Can such a policy change practice and improve
student learning? We study professional development available to “typical” teachers, rather than a
targeted program available to only a few teachers. The work responds to recent calls for larger-scale
empirical evidence of links among professional development, instruction, and student achievement
Data. This study uses data collected by the U.S. Department of Education for the Longitudinal
Evaluation of School Change and Performance (LESCP) in 1997, 1998, and 1999. The LESCP drew its
sample from 71 high-poverty schools in 18 school districts in seven states. Because the LESCP was part
of an evaluation of Title I, the students in the sample largely came from low-income families with diverse
ethnic backgrounds. Our student-level analyses include 7,588 observations over three years of 4,803
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students assigned to 457 teachers. Teacher-level analyses include the same 457 teachers in 71 schools
over three years.
Measures. Reports of teacher characteristics, professional development, and instruction are taken
from self-report surveys administered to teachers in the spring of 1997, 1998, and 1999.
Professional development. “Professional development with a content focus in mathematics” is a
two-item composite sum of the number of hours in the past 12 months that a teacher participated in the
following types of professional development: (1) content in mathematics; and (2) instructional strategies
in mathematics. We also included a measure of professional development with a content focus in reading,
and a measure of “other” professional development activities, such as strategies for using assessment
results or working with special populations.
Instruction. We measure time spent on mathematics instruction, topic focus, and type of learning
required, or cognitive demand. We contrast basic with advanced topics, and memorizing facts with
solving novel problems. “Teachers’ focus on basic math topics” is a five-item composite sum of the
number of lessons a teacher taught (or planned to teach) in measurement, rounding, multi-digit
multiplication, and problem solving with addition and subtraction. “Teachers’ focus on advanced math
topics” is a similar five-item composite sum indicating the number of lessons a teacher taught in
operations with fractions, distance problems, solving equations with one unknown, solving two equations
with two unknowns, and statistics.
Student achievement. Student achievement was measured by a special administration of a set of
open-ended questions from the Stanford Achievement Test, Ninth Edition (SAT-9), which assessed
problem-solving (reasoning, communication, connections, and thinking skills) and procedures (facts and
computation).
Research Design and Methods. This is a quasi-experimental longitudinal study. To answer our
first research question, we employ a four-level cross-classified growth model using MLwiN software, with
time points nested within students, students cross-classified by teachers over the three years of the study,
and teachers and students nested within schools. To answer our second question, we employ a series of
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hierarchical linear models (HLM) to test the relationship between instruction and professional development.
Teacher and school level controls are grade taught by the teacher, the percentage of low-performing
mathematics students in the classroom, the teacher’s years of experience, school enrollment, and percentage
of students in the school who receive free or reduced-price lunch. In all student-level analyses, we control
for student race, gender, and participation in the free and reduced-price lunch program, as well as whether
students have individualized learning plans (IEP) or demonstrate limited English proficiency (LEP).
Key Findings. Though the analysis supports our main hypotheses, effect sizes varied. We found that
when teachers emphasized solving novel problems, student achievement grew less than 1% of a standard
deviation faster than average. This is a small effect in comparison to similar studies. However, we found
that growth was 15% of a standard deviation slower than average for students whose teachers focused on
basic topics and 15% of a standard deviation faster than average for students whose teachers focused on
advanced topics. These results are more in line with the range of 10%-30% of a standard deviation
reported in similar studies. We also found that growth was 7.5% of a standard deviation slower than
average for students whose teachers emphasized memorizing facts—an effect of moderate size.
Teachers who participated in professional development that focused on math content or instructional
strategies in mathematics (in Year 1) were more likely to teach in ways associated with student
achievement growth; specifically, they were 11% of a standard deviation more likely to teach advanced
topics and 0.05% of a standard deviation more likely to emphasize solving novel problems. The
relationship with advanced topics is a moderate effect in line with other studies; the finding for solving
novel problems is tiny and unlikely to be substantively important.
Discussion/Conclusions
Despite limitations such as potential selection bias and narrow measures of instruction, our
analysis provides a rare look at changes over time in teaching and student achievement. It also links
professional development to teaching practice to student achievement, which, until recently, was
uncommon in education research. Our findings offer modest support for content-focused professional
development as a way to foster teaching practice that boosts student achievement, and for teaching
practice that uses more advanced topics and emphasizes solving novel problems.
We hope this work will contribute to the refinement and understanding of reforms focused on
teacher learning in ways that will change classroom practice to improve student learning.
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Linking Student Achievement Growth to Professional Development Participation and Changes in
Instruction: A Longitudinal Study of Elementary Students and Teachers in Title I Schools

Introduction
This study examines relationships between teachers’ participation in professional development and
changes in instruction, and between instruction and student achievement growth, from third to fifth grade.
Using the Longitudinal Evaluation of School Change and Performance (LESCP), a national study of 71
Title I schools, we first examine to what extent specific aspects of the content of elementary teacher’s
self-reported mathematics instruction predict individual student achievement growth from third to fifth
grade. Then we examine to what extent participation in mathematics-related professional development
predicts whether teachers will emphasize the dimensions of content that we used to predict student
achievement growth. We focus on elementary mathematics for two reasons: because the nation’s
education policy agenda places great importance on early mathematics (e.g., U.S. Department of
Education, 2008), and to reduce the confounding factors of grade and subject.
Most reforms in elementary education rely on teacher learning and improved instruction to increase
student learning. Research has increasingly shown that continuing development and learning by teachers
is critical to improving student learning (e.g., Borko & Putnam, 1995; Carnegie Forum on Education and
the Economy, 1986; National Commission on Teaching and America’s Future, 1997). Thus we need to
better understand which types of professional development effectively change teaching practice in ways
that boost student achievement.
Studies Linking Professional Development, Teaching, and Student Achievement
Prior work suggests how links between professional development and instruction might operate (e.g.,
O’Sullivan & McGonigle, 2010), helps establish the relationship between professional learning and
changes in instructional practice (Desimone, Porter, Garet, Yoon, & Birman, 2002; Parise & Spillane,
2010), and explores how professional learning affects teacher knowledge (Carlisle, Correnti, Phelps, &
Zeng, 2009; Goldschmidt & Phelps, 2010; Kanter & Konstantopoulos, 2010). However, only a few
studies have attempted to empirically link professional development to student achievement. A brief
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review of such studies demonstrates that their findings are mixed; moreover, few are longitudinal or
include instruction as a mediating variable.
Links Between Professional Development and Student Achievement
Using a quasi-experimental design, Jacob & Lefgren (2004) found that a marginal increase in teacher
in-service training had no statistically or academically significant effect on either reading or math
achievement for third- through sixth-graders in Chicago public schools. The authors cautioned that
interpretations of their findings should consider that they had no measure of the content or quality of
professional development, and that the training was not well aligned with district or school priorities.
Bressoux (1996), using a quasi-experimental design in a study of French elementary schools, found
that teacher training increased third-graders’ mathematics achievement by about one-fifth of a standard
deviation. Dildy (1982), in a very small randomized trial of 16 teachers, found that professional
development improved student achievement. Cobb et al. (1991) found that the students of 10 teachers
who participated in math-related professional development had higher levels of conceptual understanding
in math than did students of eight control teachers, but they found no differences in computational ability.
Similarly, in a study of 23 teachers, Saxe, Gearhart and Nasir (2001) tested two contrasting professional
development programs designed to improve implementation of a fractions unit: one enhanced teachers’
knowledge of subject matter and children’s knowledge of math, and the other gave teachers opportunities
for collegial interaction; a third group was the control group. They found that students whose teachers
participated in the content-focused professional development had higher post-test scores on conceptual
measures, while the control group’s students had higher scores on computation than did students of the
group that received collegial support. Angrist and Lavy (2001), in a matched comparison of Jerusalem
public elementary schools, found that a 6- to 12-hour teacher training program produced gains of about
half of a standard deviation in reading and mathematics scores.
Links among Professional Development, Instruction, and Student Achievement.
Several studies of professional development effects have included instruction as a mediating variable.
In a landmark study, Carpenter, Fennema, Peterson, Chiang and Loef (1989) applied a professional
development intervention that emphasized how students learn math to a randomly assigned group of 20
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first-grade teachers. The study measured several teaching and achievement outcomes, and found
significant effects for some of them. Specifically, the authors found that teachers used more word
problems and that students better recalled facts and performed better on complex addition and subtraction.
They did not, however, find any effects on standardized test scores. Effect sizes ranged from about onehalf to one standard deviation. To put this finding in context, most studies that link implementation of
reforms to student achievement have had much smaller effect sizes—for example, in mathematics,
Balfanz, Iver, and Byrnes (2006) found an effect size of 0.20 of a standard deviation, and Hamilton et al.
(2003) found an effect size of less than 0.10 of a standard deviation; in science, Heck, Banilower, Weiss
and Rosenberg (2008) found effect sizes ranging from 0.11 to 0.38 of a standard deviation.
Wiley and Yoon (1995) studied fourth-, eighth- and 10th-grade California mathematics teachers in a
one-year study of natural variation, which relied on correlations and one-item indicators of teaching
practice. They found links among teachers’ exposure to reform-oriented practices, implementation of
those practices, and student achievement, though results were strongest for fourth grade. Using aggregate
school-level measures of achievement, Cohen and Hill (2001) found that teacher professional
development programs with sufficient duration and subject-matter focus were related to small increases in
reform-oriented practice (about half a standard deviation) and school-aggregated student performance
(fourth-grade scores were about one-sixth of a standard deviation higher for students whose teachers used
reform practices than for students whose teachers did not use such practices).
Most recently, Glazerman et al. (2008) and Garet et al. (2008) used randomized controlled trials to
examine how teachers’ learning affects their knowledge, their instruction, and their students’
achievement. These studies found no effects on student achievement and few effects on teachers, though
Garet et al. (2008) did find that content focus and duration of professional development had significant
effects on teacher knowledge and practice.
Though each of these studies contributes to our understanding of how professional development
works to improve teaching and learning, each has its limitations. For example, Wiley and Yoon relied on
cross-sectional correlational data, Carpenter et al. (1989) was conducted on a small sample of teachers,
Cohen and Hill used school-aggregated rather than individual achievement, and Glazerman et al. (2008),
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and Garet et al. (2008) tested a very specific professional development intervention (Garet, for example,
tested the effectiveness of professional development on rational numbers).
Research Questions and Contributions of Our Study
Our analysis contributes to this line of work by answering two main research questions:
(1) To what extent do teachers’ topic coverage, emphasis on memorization and solving novel
problems, and time spent on mathematics instruction predict student mathematics achievement growth?
(2) To what extent does teacher participation in content-focused professional development predict the
aspects of instruction found in our first analysis to be related to increases in student mathematics
achievement growth?
Compared to previous studies, our work has unique analytic and design features. First, we look
longitudinally at teachers’ instructional practices and participation in professional development over three
years and measure students’ achievement growth over those three years associated with their teachers’
instructional practices. Second, we examine change in teaching practices as a mediator of professional
development’s effects. Third, we measure conceptual emphasis, operationalized as solving novel
problems, and procedural emphasis, operationalized as memorization, as well as coverage of basic and
advanced topics (e.g., calibrated to typical grade-level topic coverage, long division is a basic topic for a
fifth-grader and multi-step equations are advanced). This allows us to compare how different topic and
cognitive demand emphases affect achievement growth. Fourth, we examine how content focus, an
important feature of quality professional development, is related to teachers’ topic and cognitive demand
coverage. Fifth, we conduct the analysis on a substantial sample of teachers and students. By combining
these design elements, we can answer our research questions using multi-level longitudinal growth
modeling, uncommon in studies linking professional development, instruction, and student achievement.
Further, our study is conducted with a sample of teachers and students in Title I schools, which spend
significant amounts of money on interventions to help boost achievement for large numbers of struggling
students; these interventions often have teachers’ professional development at their core. The professional
development we are studying resulted from a major policy initiative to improve teaching and learning in
high-poverty schools, thus raising a policy question: Can such a policy change practice and improve
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student learning? We study professional development available to “typical” teachers, rather than a
targeted program available to only a few teachers. The work responds to recent calls for larger-scale
empirical evidence of links among professional development, instruction, and student achievement
(Geijsel, Sleegers, Stoel, & Kruger, 2009; Gersten, Dimino, Jayanthi, Kim & Santoro, 2010; Goldschmidt
& Phelps, 2008; Parise & Spillane, 2010; U.S. Department of Education, 2008).
We test two theories described in Wayne, Yoon, Zhu, Cronen, and Garet (2008). First, we test a
theory of teacher change, which hypothesizes that content-focused professional development fosters an
increase in teachers’ coverage of advanced topics and conceptual cognitive demands; second, we test a
theory of instruction, specifically, that advanced topic coverage and emphasis on solving novel problems
are associated with a faster rate of achievement growth, and, conversely, that basic topic coverage and an
emphasis on memorization are associated with a slower rate of achievement growth.
Conceptual/Theoretical Grounding
Our study is grounded in a conceptual/theoretical framework that reflects how professional
development might affect student achievement, shown in Figure 1. We test only a small part of this
framework, but the relationships we test are part of the broader conception of how professional
development impacts teacher knowledge and practice and, in turn, student learning. A conceptual
framework for studying professional development has at least two central components. One is recognizing
a set of critical features that define effective professional development. The second is establishing an
operational theory of how professional development works to influence teacher and student outcomes.
Our framework identifies key inputs as well as intermediate and final outcomes. It also identifies the
variables that mediate (explain) and moderate (interact to influence) the effects of professional
development. The model represents relationships among critical features of professional development,
teacher knowledge and beliefs, classroom practice, and student outcomes. As Figure 1 shows, a core
theory of action for professional development would likely follow these steps: (1) teachers experience
professional development with effective features; (2) the professional development increases teachers’
knowledge and skills and/or changes their attitudes and beliefs; (3) teachers use their new knowledge and
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skills, attitudes, and beliefs to improve the content of their instruction, their pedagogy, or both; and (4)
these instructional changes foster increased student learningi (see Desimone, 2009).
The model reflects the non-recursive and interactional nature of the relationships among elements in
our conceptual framework (though here we test only unidirectional relationships). The literature reflects
the importance of each element in our framework—links between teacher knowledge, practice, and
student achievement (Hill, Ball, & Schilling, 2008; Phelps & Schilling, 2004); between instruction and
student achievement (e.g., Desimone & Long, 2010; Hamilton et al., 2003; von Secker, 2002); between
professional development and teacher practice (Desimone et al., 2002; Fishman, Marx, Best, & Tal, 2003;
Heck et al., 2008); between professional development and student achievement (e.g., Angrist & Lavy,
2001; Bressoux, 1996; Cohen & Hill, 2001; Jacob & Lefgren, 2004); and between “opportunity to learn,”
or time spent on instruction, and student achievement (e.g., Boscardin et al., 2005; Porter, 1995).ii
We readily acknowledge that context affects these relationships. We are examining average effects in
high-poverty Title I schools. Further, we are not evaluating the effectiveness of a particular professional
development program. Previous work has found that specific aspects of a curriculum or program can
make certain features of professional development more or less effective (Penuel, Fishman, Yamaguchi,
& Gallagher, 2007); we do not investigate this potential confounding factor. Rather, we are estimating the
influence of sustained, math-focused professional development to suggest whether, on average, investing
in such professional development is likely to influence teaching and learning. Consistent with most social
science research, we test some but not all of the complex theoretical model or framework that describes
the phenomena we study. Thus, while we hypothesize non-recursive relationships, our analysis focuses on
understanding the unidirectional relationships among professional development, teaching, and student
achievement.
Empirical studies that include all the elements in our framework are rare, though a handful of studies
have addressed the links in all four areas—professional development, content knowledge, instruction, and
student achievement (Carpenter et al., 1989; Cobb et al., 1991; Franke, Carpenter, & Levi, 2001; Saxe et
al., 2001). Our study focuses on only a portion of this framework—the link between the content focus of
professional development and change in the content of instruction, and the link between the content of
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instruction and student achievement growth in elementary mathematics. Below we explain our focus on
memorization and solving novel problems, within the domains of conceptual and procedural mathematics,
and on time spent in math-focused professional development.
Conceptual Emphasis in Mathematics Teaching and Student Achievement
We study specific aspects of conceptual and procedural emphasis in mathematics instruction.
Conceptual mathematics instruction, sometimes called “reform-oriented” instruction, seeks to foster a
deep understanding of fundamental mathematics principles, ideas and connections. It often includes
emphasis on real-world problem solving, student reflection and discussion, application of ideas to novel
problems, and using inquiry-oriented investigation techniques (Hiebert et al., 1996). Procedural or
computational mathematics teaching, in contrast, emphasizes drill, memorization, and the performance of
routine procedures. This dichotomy is well established in the math education literature (e.g., Cobb et al.,
1991; Saxe et al., 2001.), and the “conceptual” and “procedural” domains are commonly used in studying
mathematics teaching and learning (e.g., Carpenter, Franke, Jacobs, Fennema, & Empson, 1998; Hiebert
& Wearne, 1996).
Studies have demonstrated benefits from both conceptual instruction (e.g., Desimone & Long,
2010; Fennema, 1991; Loveless, 2001; Romberg, 2000; Stein & Lane, 1996) and procedural instruction
(Geary, 2001; Hirsch, 2001; Slavin, Madden, Karweit, Livermon, & Dolan, 1990). These competing
literatures were thoroughly reviewed most recently by the National Mathematics Advisory Panel (U.S.
Department of Education, 2008), which concluded that the field should recognize “the mutually
reinforcing benefits of conceptual understanding, procedural fluency, and automatic (i.e., quick and
effortless) recall of facts” (p. xiv).
Our purpose is not to contribute to debates about when and how to use procedural or conceptual
mathematics instruction. Instead, our study is based on the premise that increased use of conceptual
instruction holds promise for reducing the achievement gap. Typical mathematics instruction in the US is
procedural (Desimone, Smith, Baker, & Ueno, 2005; Schmidt, McNight, & Raizen, 1997), and lowerachieving students are much more likely to receive predominantly computational/procedural teaching,
compared to their average and higher-achieving counterparts (e.g., Barr, Wiratchai, & Dreeben, 1983;
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Desimone, Smith, & Frisvold, 2007; Gamoran, 1986). There is substantial evidence that conceptual
instruction boosts learning for all students (e.g., Schoenfeld, 1985; Silver, 1985; Stein & Lane, 1996; von
Secker, 2002) and that it may be especially advantageous for low-achieving students (Carpenter et al.,
1989; Hiebert, 1999; Knapp, 1995; Wenglinsky, 2004). If a balance of instruction is desirable, as the
Mathematics Panel concluded, and procedural instruction is the most common form, especially for lowachieving students, it seems appropriate to find ways to foster increased use of conceptual instruction,
especially among teachers of low-achieving students.
Memorization vs. Solving Novel Problems
To operationalize the ends of the procedural/conceptual continuum, we contrast memorization
and solving novel problems. This is consistent with work in the teaching and learning of mathematics,
which grounds one or a few targeted measures within the broader domain of conceptual and procedural
instruction (e.g., Rittle-Johnson & Alibali, 1999, Rittle-Johnson & Star, 2007). For memorization, skill
and knowledge mastery is the goal, whereas for solving novel problems, the ability to understand, apply
and transfer is the goal (see Ernest, 1989).
In mathematics teaching and learning, “solving novel problems” is commonly understood as
asking students to apply previous knowledge to a different situation, and/or to devise or evaluate
unfamiliar procedures (Rittle-Johnson & Alibali, 1999). Novel transfer problems are problems that can be
solved by modifying learned solution methods to new problem features (Paas & Van Merrienboer, 1994;
Singley & Anderson, 1989). If children develop flexibility in solving problems and a deep understanding
of underlying fundamental concepts, they can apply their knowledge and adjust the procedures to conquer
unfamiliar problems (Briars & Siegler, 1984; Cauley, 1988; Cowan & Renton, 1996; Rittle-Johnson &
Star, 2007; Rittle-Johnson & Alibali, 1999; Siegler, 1996). This type of transference to novel math
problems is an important component of mathematical competence (Star & Seifert, 2006), well established
as a desirable type of conceptual understanding (e.g., Perry, 1991). In contrast, when children focus on
memorization and procedures, they often do not master concepts in a way that allows them to transfer
their knowledge to novel problems (Fuson, 1990; Hiebert & Wearne, 1996; Kouba, Carpenter, &
Swafford, 1989). As a result, many scholars and educators argue that learning should go beyond rote
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memorization to foster students’ conceptual understanding and ability to transfer to novel situations
(Kazemi & Stipek, 2001; Li, 2008).
Nonetheless, memorizing math facts and formulas has been a fundamental and traditional part of
U.S. mathematics education for decades (Stigler & Hiebert, 1999), and research continues to document
that the predominant mode of instruction in the U.S. is memorization and procedural (e.g., Rowan,
Harrison, & Hayes, 2004). Though memorization unquestionably plays a critical role in math learning
(U.S. Department of Education, 2008; Kilpatrick et al., 2001), it is less clear when and how much to use it
(Loveless, 2001); it is particularly unclear how to translate memorization from rote knowledge into
understanding (Cai & Wang, 2010).
An over-reliance on memorization can be detrimental to fostering the conceptual understanding
necessary to solve novel problems. When learning is based only on memorization, students have trouble
solving novel problems that require different steps (Catrambone, 1994); still, learners rely heavily on
previously memorized examples when solving new problems (LeFevre & Dixon, 1986). The challenge
for teachers is to identify what must be memorized in order to solve problems in a certain domain
(Catrambone, 1994), and what must be conceptually understood to help students make connections and
apply knowledge to new types of problems (Benson & Malm, 2001). Certainly, it is not the norm in
mathematics teaching to foster multiple ways of solving problems that facilitate knowledge transfer to
new situations (Ball, 1993; Lampert, 1990). Further, though memorization can lead to increased scores on
standardized tests, it may result in fragmented understandings of math, and little understanding of
connections among mathematical concepts, which impedes learning advanced concepts (Schoenfeld,
1988).
Identifying Features of Effective Professional Development: An Emphasis on Content
Recent research reflects a consensus on some of the characteristics of professional development that
increase teacher knowledge and skills, improve their practice, and, to a lesser extent, influence student
achievement (Desimone, 2009). These characteristics include whether the professional development
activity (1) is focused on subject-matter content or how students learn content (e.g., Cohen & Hill, 2001;
Desimone et al., 2002; Kennedy, 1998; Garet et al., 2001); (2) provides opportunities for teachers to

16

engage in active learning (Garet et al., 2001; Loucks-Horsley et al., 1998), for example, observation,
interactive feedback, and analyzing student work (Banilower & Shimkus, 2004; Borko, 2004); (3) is
consistent with teachers’ knowledge and beliefs (Consortium for Policy Research in Education, 1998;
Elmore & Burney, 1997), and with school, district, and state reforms and policies (Elmore & Burney,
1997; Firestone, Mangin, Martinez, & Polovsky, 2005; Penuel et al., 2007); (4) is of sufficient duration,
including both the span of time over which the activity is spread (e.g., one day or one semester) and the
number of hours spent on the activity (Cohen & Hill, 2001; Supovitz & Turner, 2000); and (5) includes
collaboration among teachers from the same school, grade, or department (Banilower & Shimkus, 2004;
Borko, 2004; Little, 1993; Rosenholtz, 1989).
The content focus of teacher learning may be the most influential feature, and therefore the one we
focus on in this study. In the past decade, a growing body of evidence has suggested that professional
development that emphasizes subject matter content and how students learn that content (1) increases
teachers’ knowledge and skills, and (2) improves instruction in ways likely to result in increased student
learning. This evidence comes from case-study data (e.g., Wilson & Ball, 1991), correlational analyses
conducted with nationally representative teacher data (e.g., Garet et al., 2001), quasi-experiments
(Banilower, Heck, & Weiss, 2005), longitudinal studies of teachers (e.g., Cohen & Hill, 2002; Desimone
et al., 2002), meta-analyses (e.g., Kennedy, 1998), and experimental designs (e.g., Carpenter et al., 1989).
The main hypothesis supporting a relationship between content-focused professional development
and teacher learning and change is that to teach conceptually, teachers must first build their own
knowledge of a subject and of how students learn that subject. The idea is that teachers must have a deep
grasp of content so that they understand common mistakes and misunderstandings in student thinking,
and alternative ways of solving a problem (Hill et al., 2008; Ma, 1999), both of which are necessary for
more challenging, conceptual teaching. In our analysis, we concentrate on the time spent in mathematicsfocused professional development.
Studies using the LESCP
Our study builds on work by Raudenbush, Hong, and Rowan (2003), who used the LESCP to
examine the relationship between “high-intensity” mathematics instruction and student achievement
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growth, in the context of a paper testing causal modeling methods. To create a measure of the intensity of
instruction, they rated topics by difficulty and created an index reflecting the difference between more
difficult topics and less difficult topics taught by a teacher in a specific year; their index guided our
categorization of topics. They found that high-intensity instruction had some effects on achievement,
from 0.15 to 0.23 of a standard deviation, but results were not consistent across grades. Our study builds
on theirs by examining the relationship of professional development to teaching practice, by including
teachers’ cognitive demand emphasis in our measure of instruction, and by examining change over three
years. Wong, Meyer, & Shen (2003) also conducted an analysis of LESCP, though their findings were
reported on the school level. Thus, student outcomes were not linked to specific teachers. They did,
however, find evidence suggesting positive relationships among professional development, reformoriented teaching, and student achievement.

Methods
Data
This study uses data collected for the LESCP in 1997, 1998, and 1999 by what was at the time the
U.S. Department of Education’s Planning and Evaluation Service. LESCP drew its sample from 71 Title I
schools in 18 school districts in seven states. Because the LESCP was part of an evaluation of Title I, the
students in the sample largely came from low-income families with diverse ethnic backgrounds (Westat &
Policy Studies Associates, 2001a). The schools in the study were drawn from a select sample of highpoverty schools, which is neither representative nor random. The schools were chosen because they were
among the earliest to implement standards-based reform. As such, they offer a useful set of data for
considering how to advance standards-based reform on a national level, especially in high-poverty schools.
The original sample consisted of all teachers in the 71 schools, with an average of 20 teachers per school.
Our sample includes all students in each year who were linked to valid math achievement tests
scores, and all teachers who specified that they taught mathematics in each year and also reported
teaching grades three to five.iii Student achievement tests and teacher surveys were administered in the
spring of each year. Our student-level analyses include 7,588 observations over three years of 4,803
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students assigned to 457 teachers. Teacher-level analyses include the same 457 teachers in 71 schools
over three years. Listwise deletion was used in all analyses, including cases with missing data.iv
From the full teacher sample, we identified our analytic sample by limiting it to teachers who
taught third- to fifth-grade mathematics, and who had students who took the open-ended mathematics test
(explained in more detail in the Measures section below). Further, we used only students who were part of
the third-grade cohort. The LESCP added students who were not part of the original cohort; we did not
use these students because we wanted a longitudinal sample of students to measure growth. Also, several
schools and teachers had missing data on key variables, which we were unable to accurately impute due
to missing data on most measures for the teacher/school. For example, if a teacher’s information was
missing on one variable, it was likely missing on all variables. This is partly because at some schools, no
teachers completed the survey; this phenomenon was concentrated in a few districts. From the overall
sample of 1,829 teachers, then, 1,666 were math teachers, of whom 897 were teachers of grades three
through five, of whom 726 had students who took the open-ended mathematics test, of whom 634 taught
the third grade cohort that took the open-ended mathematics test; of those 634, 457 did not have missing
school or teacher data.
Missing data on all dependent variables (achievement as well as cognitive demand variables in
the teacher models) was left as missing. Missing data on all other variables, which was primarily missing
at the student level, was imputed using regression imputation in order to maintain realistic variance. After
cases were deleted because of missing data on the dependent variables, little missing data remained.
Of the 4,803 students in our cohort sample, 2,655 had one observation, 1,511 had two
observations, and 637 had three observations. Turnover is common in Title I schools, so it is not
surprising that some students did not have three full years of observations. However, because the LESCP
refreshed the sample to deal with the severe attrition, the data lose only about 340 observations per year.
We chose to keep the refreshed students to maintain a reasonable degree of freedom to estimate our
models. A comparison of our analytic sample with the full LESCP sample showed general consistency
across both samples for all three years in terms of student race/ethnicity, income, individualized education
program (IEP) status, limited English proficiency (LEP) status, and student achievement status.
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Differential attrition. We tested for differential attrition by comparing the number of students in
the study for each year by race/ethnicity and by free and reduced-price lunch, IEP status, and LEP status
(not shown). There were small fluctuations in the sample, but changes were consistently quite small. We
also examined the percentage change in students with average or above average achievement in the
sample, and found a 5% increase over the three years.
Measures
Our analyses represent an attempt to measure two relationships hypothesized to impact student
achievement: First, we measure the relationship between 1) growth in student math achievement and 2)
teacher topic and cognitive demand emphasis and time spent on mathematics; second, we measure the
relationship between 1) teacher topic and cognitive demand emphasis and time spent on mathematics with
2) teachers’ participation in professional development over three years. We control for student, teacher, and
school characteristics that are likely to be related to student and teacher outcomes. Table 1 describes each
variable used in the analyses and outlines how the variables were created and coded. The table also lists the
means and standard deviations (where applicable) for each variable for each year of the study, as well as for
all years combined. These means help identify trends over time among the dependent and independent
variables.
<Insert Table 1 About Here>
Student mathematics achievement. The LESCP administered the Stanford Achievement Test,
Ninth Edition (SAT-9), to all participating students (most third- to fifth-graders in the schools selected for
evaluation). The SAT-9 is a norm-referenced achievement test with two sections for mathematics.
Separate scores were obtained for closed- and open-ended mathematics items. All 18 districts in the
LESCP study participated in the open-ended mathematics test; however, not every district required its
students to take the closed-ended portion (Westat and Policy Studies Associates, 2001a, 2001b). Because
the sample of students who took the closed-ended test is significantly smaller than the sample of students
who took the open-ended test, we use the open-ended mathematics test scores in our student-level
analyses. The closed-ended and open-ended mathematics items test the same skill set. Both assess
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problem-solving (reasoning, communication, connections, and thinking skills) and procedures (facts and
computation).
The SAT-9 open-ended mathematics assessment score includes nine questions or tasks constructed
around a single theme. Each question is intended to measure students’ ability to communicate and reason
mathematically and to apply problem-solving strategies. The content clusters for the open-ended
mathematics test include number concepts, patterns and relationships, and concepts of space and shape.
The scores are vertically scaled.
We recognize the debate over which assessments most accurately measure the breadth and depth
of student learning: standardized tests, curriculum-based tests, portfolios, or other alternative assessments.
Given that the test we use is a standardized test, we consider its results to be a conservative estimate of
student mathematical ability, given that studies are much more likely to find effects on curriculumaligned tests than on standardized tests (e.g., Carpenter et al., 1989).
Instruction. We measure time spent on mathematics instruction, topic focus, and two cognitive
demands—emphasis on memorizing facts and solving novel problems. Student opportunity to learn, defined
as time spent on instruction in the classroom, has for several decades been shown to matter for student
achievement (e.g., Carroll, 1963; Gamoran, Porter, Smithson, & White, 1997; Guarino, Hamilton,
Lockwood, Rathbun, & Hausken, 2006). It is especially salient for disadvantaged students, who often do
not receive high-quality educational experiences outside of school (Alexander, Entwisle, & Olson, 2001).
We include two aspects of the content of instruction: topics (e.g., geometry, measurement) and
type of learning required, or cognitive demand (e.g., memorization). We contrast basic with advanced
topics, and memorizing facts with solving novel problems. Though reasonable alternatives likely exist to
our conception of “advanced” and “basic” topics for a certain grade, we ground our measures in national
data that indicate the “average” topics for particular grades, allowing us to extrapolate that advanced
topics are those typically taught in the next grade (see Raudenbush et al., 2003).
We acknowledge that our measures do not reflect the depth and complexity of instruction (e.g.,
Good & Brophy, 2000). Our measures are, however, derived from recent work in the teaching and
learning of mathematics, which distinguishes procedural (e.g., memorization) and conceptual (e.g.,
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solving novel problems) cognitive demands and/or learning goals (Cohen & Ball, 1990; Desimone,
Smith, Hayes, & Frisvold, 2005; NCTM, 1989; Porter, 2002; Spillane & Zeuli, 1999; NCTAF, 1996), and
which suggests that content is a stronger predictor of student achievement than is pedagogy (Pellegrino,
Baxter, & Glaser, 1999; Porter, Kirst, Osthoff, Smithson, & Schneider, 1993).
Our teacher-level analyses use five self-reported instruction variables. These same teacher
variables were also used as predictors in the student-level analyses. One is an indicator of how much time
per day a teacher spent on mathematics. In addition, we constructed two composites to indicate a teacher’s
topic focus: focus on basic math concepts and focus on advanced math concepts. Finally, we created
composite measures to indicate a teacher’s emphasis on memorizing facts and solving novel problems.
To construct a measure of how much time per day a teacher spent on mathematics instruction, we
used the LESCP question that asked teachers to approximate the number of minutes per week they spent on
mathematics. The number reported was then divided by 5 to create a measure of the number of minutes a
teacher spent on mathematics per day. As we indicated earlier, items were classified into basic or advanced
topics based on topics typically taught in grades three through five, as indicated by a review of several
states’ standards, by NAEP fourth-grade instructional data, and by following the general categorization of
topics in Raudenbush et al.’s (2003) LESCP study of elementary school math instruction.
In our study, “teachers’ focus on basic math topics” is a five-item composite sum of the number of
lessons a teacher taught (or planned to teach) in the following topic areas over the course of the year: (1)
measurement (using number lines and rulers); (2) measurement (finding length and perimeter from
pictures); (3) numbers and operations (rounding); (4) computation (multi-digit multiplications); and (5)
problem solving (word problems using addition and subtraction). Teachers indicated their focus on each of
these five basic topic areas by reporting the number of lessons they taught (or planned to teach) during the
school year. To create a continuous variable indicating the number of lessons a teacher taught on basic
math topics, response categories were recoded based on the midpoint of each category. If teachers reported
that they did not teach any lessons in a given topic area, their response was coded as 0 lessons per year; if
they taught 1-2 lessons, their response was coded as 1.5 lessons per year. Likewise, teaching 3-5 lessons
was coded as 4 lessons per year, teaching 6-10 lessons was coded as 8 lessons per year, and teaching 11-15
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lessons was coded as 13 lessons per year; teaching more than 15 lessons was coded as 20 lessons per year.
Values of the composite range from 0 to 100.
Similarly, “teachers’ focus on advanced math topics” is a five-item composite sum using the same
basic construction as focus on basic math topics. Teachers were asked how many lessons they taught (or
planned to teach) in these more advanced topic areas: (1) computation (e.g., operations with fractions); (2)
problem solving (e.g., distance problems); (3) pre-algebra (e.g., solving equations with one unknown); (4)
algebra (e.g., solving two equations with two unknowns); and (5) statistics (e.g., determining central
tendency). These five items were coded on a scale of 0 to 20, indicating the number of lessons taught per
year. The same calculation and scaling procedures described for “teachers’ focus on basic math topics” also
applied to “teachers’ focus on advanced math topics,” with values ranging from 0 to 100. Whether a set of
topics was considered basic or advanced depended on the grade. For example, topics typically taught in fifth
grade are considered advanced for fourth and third grade; those typically taught in third grade are
considered basic for fourth and fifth grade.
To construct measures of teacher emphasis on memorizing facts and solving novel problems, we
combined time spent on topic with emphasis on memorization and solving novel problems. That is, we first
estimated the amount of time that teachers spent on each of the 10 individual topic areas (described above),
to weight the topic areas. Time spent on each topic was calculated based on the number of lessons each
teacher reported teaching for each topic during the year. Based on the midpoints of the response categories,
responses were recoded on the same 0-20 scale that we used for other instruction items, detailed above.
Then, for each topic, emphasis on memorizing facts and solving novel problems was based on teacher
responses to the question, “When you teach this topic, how much do you emphasize each of the following
competencies: (1) memorize facts; and (2) solving novel problems?” Responses were recoded as No
Emphasis = 0; Occasionally Emphasized = .33; Emphasized Moderately = .66; and Emphasized a Lot = 1.
The created measures include a composite indicator of emphasis on memorizing facts and a composite
indicator for solving novel problems. The LESCP does have other categories of cognitive demands. There
was little variation in use of cognitive demands in the middle of the distribution—understanding concepts,
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solving equations, collecting/interpreting data, and solving word problems—so we focused on studying
emphases at the two extremes of the cognitive demand continuum.
Finally, we created each of our memorization and solving novel problems measures by summing
the emphasis teachers placed on each cognitive demand when teaching the 10 topics. We then multiplied
the sum by the number of lessons taught in each of the 10 topic areas, and divided the product by the total
number of lessons a teacher taught across all topic areas. The value of each composite measure for
emphasis on memorizing facts and solving novel problems ranges from 0 to 1. This measure allows teachers
to emphasize both types of cognitive demands within a topic.
Our analyses rely on teacher self-reports of their own instruction, which research shows is a
reasonable method for measuring behaviors such as participation in professional development and
behaviorally based instructional practices. Responses on confidential surveys like the LESCP are less
susceptible to social desirability bias than more public forms of data collection, such as interviews and
focus groups (Aquilino, 1994, 1998; Burstein et al., 1995; Dillman & Tarnai, 1991; Fowler, 1995; see
Desimone & LeFloch, 2004, for a discussion of the uses and quality of survey data). Further, when survey
questions ask teachers to account for their behaviors rather than evaluate or make quality judgments, as
the LESCP measures do, the validity and reliability of teacher self-report data can be high (Desimone,

Smith & Frisvold, 2010; Desimone, 2006; Mullens & Gayler, 1999; Mullens et al., 1999).
Teacher self-reports are less useful for measuring certain dimensions of teaching practice, such as
teacher-student interaction and teacher engagement. But several studies have shown that, on confidential
sample surveys, teacher self-reports of the topics and cognitive demands they cover are highly correlated
with classroom observations and teacher logs, which are daily, weekly or monthly teacher self-reports
(Mullens & Kasprzyk, 1996, 1999; Smithson & Porter, 1994). Further, studies have shown that one-time
surveys that ask teachers questions about the content and strategies that they emphasize can be reasonably
valid and reliable in measuring teachers’ instruction (Mullens, 1995; Mullens & Gayler, 1999; Schmidt et
al., 1997; Shavelson, Webb, & Burstein, 1986; Smithson & Porter, 1994) and effectively describe and
distinguish among different types of teaching practices (Mayer, 1999).
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Participation in professional development. Teacher participation in three types of professional
development is measured and used to predict teacher practices only in the teacher-level analyses. We
contrast professional development focused on mathematics with that focused on reading, and with
professional development that is focused on something other than content, such as working with parents.
We include the reading/mathematics contrast to test the assumption that learning opportunities in a
particular subject are more likely to change teaching practice in that subject. This serves as a more robust
test of the link between content focus and teacher change than those used in most prior research in this
area.
“Professional development with a content focus in mathematics” is a two-item composite sum of
the number of hours in the past 12 months that a teacher participated in the following types of professional
development: (1) content in mathematics; and (2) instructional strategies in mathematics. Responses were
recoded to indicate the number of hours a teacher engaged in this type of professional development: None =
0 hours; Less than a day = 4 hours; 1-2 days = 12 hours; More than 2 days = 20 hours. Responses ranged
from 0 to 40 hours, with a mean of 18.14 hours.
Similarly, “professional development with a content focus in reading” is a two-item sum of the
number of hours in the past 12 months a teacher participated in professional development of the following
types: (1) content in reading; and (2) instructional strategies in reading. The coding strategy for
mathematics-content-focused professional development was used here as well. Values range from 0 to 40,
with a mean of 20.27 hours.
Our measure of other types of professional development includes the number of hours teachers
spent in the following four types of non-content-related professional development: (1) strategies for using
assessment results; (2) instructional strategies for teaching low-achieving students; (3) instructional
strategies for teaching LEP students; and (4) strategies to increase or strengthen parental involvement. We
used the same scale as in the previous two items. Possible values range from 0 to 80; the average response
was 22.46 hours.
Covariates. While we are not able to examine all relevant student-, teacher-, and school-level
factors, we do control for several such factors most likely to interact with the effectiveness of professional

25

development in changing teaching practice in ways associated with student achievement. These are the
grade taught by the teacher, the percentage of low-performing mathematics students in the classroom, the
teacher’s years of experience, school enrollment, and percentage of students in the school who receive free
or reduced price lunch.
Student characteristics. In all student-level analyses, we control for student race, gender, and
participation in the free and reduced-price lunch program, as well as whether students have individualized
learning plans (IEP) or demonstrate limited English proficiency (LEP). Student race is indicated with sets
of dummy variables: white, black, and other. “White” is used as the reference category. Gender is a
dichotomous variable, with female coded as 0 and male coded as 1. Participation in the free and reduced
lunch program is also a dichotomous variable, with nonparticipants as the reference group. Similarly, IEP
and LEP students are indicated with sets of dichotomous variables, with non-IEP and non-LEP students
acting as the reference groups. For all years, there were 322 students with IEPs (5% of the sample) and 193
LEP students (3%). Because these student characteristics are stable over the three years of our study, they
are used as time-invariant predictors in our analyses.
Classroom characteristics. In addition to student characteristics, we also control for classroom
characteristics that have been shown to be associated with our outcome measures. In the teacher-level
models, we include sets of dummy variables to indicate the grade a teacher teaches (third, fourth, or fifth).
Third grade is used as the reference group. Student ability is also assessed at the classroom level. Teachers
were asked to identify the number of students in their classroom they considered to be low performers in
mathematics. This number was divided by the total number of students in the class to measure the
percentage of low-performing students in each class. Based on Cohen, Raudenbush, and Ball (2003), we
hypothesized that the likelihood teachers would emphasize conceptual cognitive demands might be
negatively correlated with the percentage of low-performing students in their classroom. Because these
classroom characteristics change over time, they are used as time-varying predictors in our analyses.
Teacher and school characteristics. In all analyses, we control for teacher experience. Teachers
were asked, “Counting this year, how many years have you taught in total?” This number is used to
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indicate teachers’ total experience. A quadratic form of years of experience is also included in all analyses
to assess whether the impact of experience diminishes over time.
We also include measures of two school-level characteristics: school size and school poverty. Both
measures come from the interviews with principals that were conducted as part of the LESCP study. School
size is indicated by principal reports of total enrollment. School poverty is the percentage of students at
each school who participated in the free and reduced lunch program, as reported by the principals. These
measures are centered on their grand means and are included in both student-v and teacher-level analyses.
See the appendix, Table A.1, for the correlations of the independent variables in the study. Correlations are
small; the highest is a .4 correlation between a student’s being black and the percentage of students at the
school who qualify for free and reduced price lunch.
Analyses
To investigate our two research questions, we conducted two sets of analyses. To answer our first
research question—To what extent do teachers’ topic coverage, emphasis on cognitive demands and time
spent on mathematics instruction predict student mathematics achievement growth?—our first set of
analyses focuses on predicting student math achievement over time. To accomplish this, we employ a fourlevel cross-classified growth model using MLwiN software, with time points nested within students,
students cross-classified by teachers over the three years of the study, and teachers (as well as students)
nested within schools. Because students generally change teachers as they move from grade to grade, the
structure of the data is not strictly hierarchical. That is, we cannot assume that each student belongs to one
(and only one) teacher over the course of the three-year study. This poses a problem for traditional
hierarchical data. Because the students in our study cross contextual boundaries over time, a crossclassified model is necessary to assess the impact of teacher practices on student achievement (Raudenbush
& Bryk, 2002; Raudenbush et al., 2003).
Multi-level cross-classified models are not common, but we found two recent analyses to guide
our approach: a study looking at family, school, and locality effects on children’s education (Rasbash,
Leckie, Pillinger, & Jenkins, 2010) and a study of school and neighborhood effects (Leckie, 2009), both
published recently in the Journal of the Royal Statistical Society. We also used the MLwiN manual,
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which describes how to implement these complex models
(http://www.cmm.bristol.ac.uk/MLwiN/download/MCMC-09.pdf).
The cross-classified model is constructed by including all time-varying student variables in the
time-varying student portion of the model, also referred to as the within-cell portion. In our model, these
include the outcome variable (student math achievement) and a growth trajectory indicator. This indicator
is a variable coded 0 for the 1996-1997 school year, 1 for the 1997-1998 school year, and 2 for the 19981999 school year. The between-cell portion of the model includes all student time-invariant variables
(sometime referred to as row-level predictors), including student race, gender, free and reduced lunch
participant, IEP status, and LEP status. Because the between-cell portion of the model accounts for the
cross-classification of students and teachers, it also includes all classroom and teacher characteristics (also
called column-level predictors). This portion of the model includes the following variables: percentage of
low-performing students in the classroom, teachers’ years of experience, years of experience squared,
minutes per day spent on math, focus on basic math topics, focus on advanced math topics, emphasis on
memorizing facts, and emphasis on solving novel problems. To account for school-level variation using
MLwiN, we included the school characteristics of school enrollment and school poverty in the between-cell
portion of the model. Both variables are grand-mean centered. By entering these school variables into the
between-cell portion of the model, MLwiN accounts for the nesting of students and teachers within schools
and computes the corresponding school-level variance components. (See the appendix for an illustration of
our cross-classified model predicting student math achievement.)
Because we want to assess how teaching influences achievement growth over time, we also include
a growth portion in our cross-classified model. We do this by including cross-level interactions between the
growth trajectory (from the time-varying student portion of our model) and the variables entered in the
between-cell portion of the model (including interactions between the growth trajectory and all student
time-invariant background variables, all teacher and classroom variables, and all school-level variables).
Please see the appendix for more details on our modeling approach.
To answer our second research question—To what extent does teacher participation in contentfocused professional development predict the aspects of instruction found in our first analysis to be related

28

to increases in student mathematics achievement growth?—our second set of analyses is a series of
hierarchical linear models (HLM) to test the relationship between the amount of time teachers spend on
specific instructional strategies and teacher participation in professional development. In each of these
models, time points are nested within teachers and teachers are nested within schools. Because the nesting
structure of teachers within schools and observations within teachers is truly hierarchical (unlike the student
data), cross-classified models are not necessary. Five models are run separately. We predict the amount of
time teachers spend on math instruction, their focus on basic math topics, their focus on advanced math
topics, and the emphasis they place on procedural and conceptual cognitive demands. Level 1 of each
model includes time-varying teacher and classroom variables, including grade taught, percentage of lowperforming students in math, all three measures of professional development participation, and a growth
trajectory variable to measure any potential change in the dependent variables during the three years of the
study. Level 2 of each model includes all time-invariant teacher variables. In these models, we include
teachers’ years of experience and years of experience squared. At Level 3, we include school
characteristics: school size and school poverty, both of which are grand mean centered. Thus, in our models
predicting instruction, we estimate for each year whether hours spent in professional development predict
teacher emphasis in that year. The models measure the average relationships between professional
development and instruction over the three years of the study.
In initial analyses not reported here, we explicitly modeled growth in our dependent variables
over time; however, nothing in the change/growth portion of the models was significant. Therefore, there
was no need to analyze hierarchical growth models.
As the means and standard deviations in Table 1 show, there is considerable variation in the
amount of professional development in which teachers participated. Teachers who increased their amount
of professional development between Year 1 and Year 3 do not necessarily have higher outcomes (in
terms of instruction and student achievement), but teachers who took more professional development in
Year 1 had greater change over the next three years than teachers who had less professional development
in Year 1.
Results
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To What Extent do Teachers’ Topic Coverage, Cognitive Demand Emphasis and Time Spent on
Instruction Predict Student Mathematics Achievement?
Table 2 contains the results of the first analysis, which shows the extent to which topic coverage,
cognitive demand emphasis and time spent on mathematics predict student mathematics achievement
growth. Coefficients for the control variables are in the expected directions; that is, the percentage of
students qualifying for free and reduced price lunch and the percentage of low-performing students in
class increase as achievement status and growth decrease. Further, as Table 2 shows, being black, being
eligible for free and reduced priced lunch, and having an IEP are significantly negatively related to
achievement status.
<Insert Table 2 About Here>
Increased emphasis on more advanced topics and solving novel problems were associated
positively with achievement growth, whereas increased emphasis on basic topics and memorization were
associated negatively with achievement growth. Specifically, as Table 2 shows, a focus on basic math
topics predicted slower than average growth in math achievement (b=-0.042, p<.036), while a focus on
advanced math topics predicted faster than average growth (b=.061, p<.045). Since average achievement
growth is 20.37 points (see Table 2, intercept for growth trajectory), both of these effects are small,
equivalent to about one-seventh (15%) of a standard deviation. (To calculate this effect size, we used the
following computation: (.042*21.19)/5.80, where 21.19 is the standard deviation of time spent on basic
mathematics topics (see Table 1) and 5.807 is the standard error of the growth trajectory slope (see Table
2). Minutes per day spent on mathematics did not significantly predict either initial achievement status or
growth.
Results were similar for emphasis on memorizing facts. Increased emphasis on memorizing facts
was associated with slower than average growth in achievement (b=-6.02, p<.037); this is equivalent to
7.5% slower growth for an increase of one standard deviation in emphasis on memorizing facts (18.99
points, compared to the average of 20.37 points). Emphasis on solving novel problems was associated
with extremely modest achievement growth (b=.69, p<0.041), which means a one-unit increase in
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teachers’ emphasis on solving novel problems was associated with only about a one percent increase in
the rate of growth of student math achievement.
There was an association between focus on advanced math topics and initial achievement
(b=0.172, p<.032), but there was no relationship between cognitive demand emphasis and initial
achievement status. The initial relationship between teacher’s focus on advanced topics and higherachieving students could be evidence of sorting. Or it could reflect a school or curriculum that emphasizes
advanced topics in earlier grades. This a priori relationship does not affect our estimations, since we are
looking at growth.
To What Extent Does Teacher Participation in Content-focused Professional Development Predict
the Aspects of Instruction Found in Our First Analysis to Be Related to Increases in Student
Mathematics Achievement Growth?
Table 3 shows that teachers who participated in professional development with a focus on
mathematics were significantly more likely to increase their focus on advanced topics in their classrooms
(b=0.147, p<.021). An increase of one standard deviation in taking math-focused professional
development was associated with an increase of an increase of about 0.10 of a standard deviation in focus
on advanced math topics ((.147*13.50)/17.52). Average teacher change on use of advanced topics was
not significantly different from zero (b=-1.254, p=0.508); thus the change that occurred in response to
content-focused professional development was substantive (10% of a standard deviation versus 0). Eleven
percent of a standard deviation translates into moving 1.9 points on the scale, where 1.5=a frequency of 12 lessons and 4=a frequency of 3-5 lessons.
<Insert Table 3 About Here>
Participation in professional development was not related to change in how much time teachers
spent on mathematics or how much they focused on basic topics. No other relationships were significant.
Participating in professional development focused on reading, or professional development focused on
other topics (using assessments, teaching low-achieving or limited-English proficient students, or parent
involvement), was not significantly related to the amount of time spent on math, or to the focus on basic
or advanced topics.
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Similarly, as Table 4 shows, mathematics-focused professional development was associated with
an increased emphasis by teachers on solving novel problems (b=.001, p<.008), but not with an emphasis
on memorizing facts. Average teacher change was not significant (b=0.042, p=0.336). Thus, while
participating in content-focused professional development significantly predicted teachers’ increased
emphasis on solving novel problems, the size of this increase is minimal—an increase of one standard
deviation in participating in content-focused professional development was associated with an increase of
half of one percent (0.05%) of a standard deviation in emphasis on solving novel problems ((.0.0010
*13.50)/0.28). And in Table 3, participation in professional development focused on reading or other
topics besides mathematics was not significantly associated with teachers’ cognitive demand emphasis in
the classroomvi.
<Insert Table 4 About Here>
Discussion
In interpreting our findings, certain strengths and limitations of the design and analysis should be
considered. In answering our research questions, the strengths of the study are that (1) teachers are linked
to specific students, (2) the data extend over three years, allowing us to measure a growth trajectory for
both teachers and students, and (3) the survey data provide reasonable measures of important aspects of
professional development and instruction. Limits that should be considered in interpreting the findings
include the following: (1) not all teachers who were in the first cohort remained in all three cohorts, (2)
the sample is representative of the students of Title I teachers in grades three to five, in areas where there
was an early push for standards-based reform (Westat & Policy Studies Associates, 2001b), (3) while
longitudinal data allows more confidence in causal assumptions than does cross-sectional data, an
experimental design would provide stronger evidence of cause-and-effect relationships, and (4) we do not
have a measure of teacher’s content knowledge, which would give us a more complete model of how
professional development impacts teachers. Also, some important features of the qualities of professional
development and instruction are not captured in our analysis. For example, we do not measure the quality
with which teachers implement memorization or solving novel problems.
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Further, our analyses are subject to selection bias, in that teachers who already teach conceptually
might be more likely to seek content-focused professional development and more likely to change their
practices. Similarly, teachers who focus on advanced math content may tend to teach higher-achieving
students, who may grow faster in math achievement than lower-achieving students; thus initial differences
among students could potentially impact the estimates of growth rates. Omitted variable bias may also
exist (as it does in all non-experimental studies); for example, teaching advanced topics might be
correlated with another teaching or organizational factor (e.g., a new policy or curriculum) that is actually
the causal factor.
Nonetheless, our analysis provides a rare look at change over time in teaching and student
achievement. It also offers an opportunity to link professional development to teaching practice to student
achievement, which until recently was uncommon in education research. And although the data are from
the late 1990s, they are from schools that implemented standards-based reform early; thus the
environment of the schools in our study is likely to resemble today’s accountability environment.
Therefore, this is a useful population for studying how professional development, instruction, and student
learning are linked.
Emphasis on Solving Novel Problems and Advanced Topics Fostered Achievement Growth, While
Emphasis on Memorization Slowed Growth
Our data analysis supported our main hypotheses in that (1) when teachers in third, fourth, and
fifth grade focused more on advanced mathematics topics (defined as operations with fractions, distance
problems, solving equations with one unknown, solving two equations with two unknowns, and statistics)
and emphasized solving novel problems, student achievement grew more quickly, (2) when teachers
focused more on basic topics (defined as measurement, rounding, multi-digit multiplications, and problem
solving) and emphasized memorizing facts, student achievement grew more solely, and (3) when teachers
participated in professional development that focused on math content or instructional strategies in
mathematics (in Year 1), they were more likely to teach in ways associated with student achievement
growth; specifically, they were more likely to teach advanced topics and emphasize solving novel
problems.
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Though the analysis supports our main hypotheses, effect sizes varied. We found quite small
links to achievement—an increase of less than 1% of a standard deviation in achievement growth for
emphasis on novel problems; this is a small effect in comparison to the results of similar studies we
described earlier. However, our findings of 15% slower than average growth for students whose teachers
focused on basic topics and 15% faster than average growth for students whose teachers focused on
advanced topics, are more in line with the range of 10-30% of a standard deviation reported in those
similar studies. We also found that growth was 7.5% of a standard deviation slower than average for
students whose teachers emphasized memorizing facts—an effect of moderate size, compared to similar
studies. The effect of content-focused professional development on fostering emphasis on advanced
topics was in line with other studies, at 11% of a standard deviation; however the increase in emphasis on
novel problems, though significant, was so low—0.05% of a standard deviation—that it is unlikely to be
substantively important,.
It is not surprising that the effect sizes we found were small to moderate. Previous work has
suggested that the links we are studying do not manifest themselves in robust relationships, especially in
non-experimental designs that rely on controls, as ours does. This makes the finding on memorization all
the more intriguing. We controlled for the percentage of low-performing students in the class, as indicated
by the teacher, to account for teachers who were differentially assigned to lower-achieving students. Our
findings show that student achievement growth is slowed, compared to average student growth, as a
student encounters a teacher who places more emphasis on memorizing facts in mathematics. Though the
longitudinal nature of our study allows us to look at change, its ability to establish temporal antecedence,
necessary for establishing cause, is still limited. For example, teachers who are faced with slower learners
may change their teaching to focus more on memorizing facts. Another factor that may help to explain the
consistently small effects of professional development is that professional development that possesses the
intensity and quality required to produce substantial effects is not common (Biancarosa, Bryk, & Dexter,
2010).
Our results will have to be considered alongside recent randomized experiments on the impact of
professional development, which found no effects on student achievement and little effect on teachers
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(Glazerman et al., 2008; Garet et al., 2008). Critiques of these studies, and even the authors themselves,
have set forth several explanations of why effects were not found, including (1) lack of statistical
differences between the control and intervention groups in the amount and quality of professional
development they received, (2) uniqueness of the sample of first-year teachers in Glazerman et al. (2008),
and (3) the findings’ short, one-year timeline. Garet et al. (2008), though, did find that content focus and
duration of professional development had significant effects on teacher knowledge and practice. In
comparing studies of the effectiveness of professional development, a potentially crucial component has
yet to be explicitly and empirically explored: the role of teacher-directed learning versus participation in
an intervention that is externally assigned. How important is having teachers choose their own
professional learning activity, so that, for example, it might match local needs (e.g., Borman, 2005), and
how does this compare to studies that have examined how external policy shapes teacher learning
(Desimone, Smith & Ueno, 2006; Desimone, Smith & Rowley, 2007; Hochberg & Desimone, 2010;
Rowley, Desimone & Smith, 2011)? This is one of several questions that must be considered as we
integrate findings from various studies to increase our understanding of how and under what
circumstances professional development is effective in increasing teaching and learning.
Conclusion
Here we compared teachers’ use of advanced and basic topics, emphasis on memorization and
solving novel problems, and time spent on mathematics; our results are consistent with major
mathematics reforms that put a premium on conceptual mathematics, seeking to foster deep understanding
that allows students to transfer knowledge to novel situations. We were also able to link teaching
practices with professional development, the most popular mechanism for teacher change. Previous work
has suggested that content-focused professional development holds the most promise for fostering
teaching practice that boosts student achievement; we found evidence to support this. A moderate number
of cross-sectional studies have indicated a relationship between content focus and teacher change, but
longitudinal studies documenting this change are not common (see Desimone et al., 2002).
Our findings may indicate potential effect sizes to build into power analyses in experimental
studies of professional development, teacher change, and student achievement. They also offer modest
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support for content-focused professional development, and for teaching practice that uses more advanced
topics and emphasizes solving novel problems. We hope this work will contribute to the refinement and
understanding of reforms focused on teacher learning in ways that will improve classroom practice to
foster better student learning.
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Table 1. Description of LESCP Variables Used in Student Analyses (Cohort Sample)
Growth Trajectory (7,588 Student
Observations)
Coded as: 1996-1997 School Year = 0
1997-1998 School Year = 1
1998-1999 School Year = 2

Year
All Years:

Mean
0.91

SD
0.81

All Years:

593.46

35.49

1996-1997:
1997-1998:
1998-1999:

581.82
590.18
612.58

33.51
34.53
30.99

All Years:
1996-1997:
1997-1998:
1998-1999:

59.58
57.78
61.77
59.05

20.96
20.15
19.72
23.02

All Years:
1996-1997:
1997-1998:
1998-1999:

50.5
50.26
51.72
49.37

21.19
21.17
20.43
22.11

All Years:

22.57

16.95

1996-1997:
1997-1998:
1998-1999:

18.26
22.60
27.34

15.44
14.82
19.47

All Years:
1996-1997:
1997-1998:
1998-1999:

0.71
0.70
0.71
0.72

0.23
0.25
0.21
0.22

Dependent Variable for Student Math Achievement Models
(7,588 Student Obs.)
Mathematics
Achievement:

Dependent Variables for Teaching Practices Models (457 Math
Teachers)
Time Spent on Math:
Minutes per day Spent on Math

Topic Focus:
Focus on Basic Math Topics

Focus on Advanced Math
Topics

Cognitive Demands:
Memorize Facts Composite

50

Solve Novel Problems
Composites

All Years:

0.62

0.28

1996-1997:
1997-1998:
1998-1999:

0.56
0.64
0.64

0.32
0.23
0.26

All Years:
1996-1997:
1997-1998:
1998-1999:

0.38
0.40
0.35
0.38

―
―
―
―

Black

All Years:
1996-1997:
1997-1998:
1998-1999:

0.45
0.46
0.46
0.42

―
―
―
―

Other

All Years:
1996-1997:
1997-1998:
1998-1999:

0.15
0.13
0.16
0.16

―
―
―
―

All Years:

0.49

―

1996-1997:
1997-1998:
1998-1999:

0.49
0.50
0.48

―
―
―

All Years:
1996-1997:
1997-1998:
1998-1999:

0.51
0.51
0.50
0.52

―
―
―
―

All Years:
1996-1997:
1997-1998:
1998-1999:

0.28
0.26
0.28
0.30

―
―
―
―

Table 1. Description of LESCP Variables (continued)
Student Characteristics (4,803
Students)
Student Race
Coded as:
White = reference group

Student
Gender
Coded as:

Female = 0 (reference
group)

Male = 1

Student Participation in Free and Reduced Lunch
Program
Coded as:
Non-Participant = 0 (reference group)
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Participant = 1

Student has an Individualized Learning Plan
Coded as:
No IEP = 0 (reference
group)

IEP = 1

All Years:
1996-1997:
1997-1998:
1998-1999:

0.72
0.74
0.73
0.70

―
―
―
―

All Years:

0.95

―

1996-1997:
1997-1998:
1998-1999:

0.94
0.95
0.94

―
―
―

All Years:
1996-1997:
1997-1998:
1998-1999:

0.05
0.06
0.05
0.06

―
―
―
―

All Years:

0.97

―

1996-1997:
1997-1998:
1998-1999:

0.98
0.96
0.97

―
―
―

All Years:
1996-1997:
1997-1998:
1998-1999:

0.03
0.02
0.04
0.03

―
―
―
―

All Years:

0.38

―

1996-1997:
1997-1998:
1998-1999:

1.00
0.00
0.00

―
―
―

Table 1. Description of LESCP Variables (continued)
Student demonstrates Limited English
Proficiency
Coded as:
No LEP = 0 (reference
group)

LEP = 1

Classroom Characteristics (457
Classrooms)
Grade
Taught:
Coded as:
3rd Grade (reference
group)
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4th
Grade

5th
Grade

Student
Ability:
Percent of Low Performing Students in
Math
Number of low performing students in mathematics /
Total number of students in the class.

All Years:

0.36

―

1996-1997:
1997-1998:
1998-1999:

0.00
1.00
1.00

―
―
―

All Years:

0.25

―

1996-1997:
1997-1998:
1998-1999:

0.00
0.00
1.00

―
―
―

All Years:

0.20

0.26

1996-1997:
1997-1998:
1998-1999:

0.21
0.20
0.19

0.25
0.27
0.24

All Years:
1996-1997:
1997-1998:
1998-1999:

13.24
14.91
12.85
11.81

9.17
9.21
9.27
8.75

All Years:
1996-1997:
1997-1998:
1998-1999:

259.04
306.55
250.7
215.59

287.44
298.14
288.63
267.13

Teacher Characteristics (457
Teachers)
Teaching Experience:
Total Years of Experience

Years of Experience Squared
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Table 1. Description of LESCP Variables (continued)
Professional Development Participation (457
Teachers)
Participation in Professional Development:
Content Focus in Mathematics

Content Focus in Reading

Other Types of Professional
Development

All Years:
1996-1997:
1997-1998:
1998-1999:

16.52
20.76
14.65
14.02

13.31
14.39
12.56
11.74

All Years:
1996-1997:
1997-1998:
1998-1999:

18.45
20.84
15.43
19.20

13.29
13.96
12.67
12.66

All Years:

21.38

19.14

1996-1997:
1997-1998:
1998-1999:

24.92
19.25
18.71

19.58
17.80
19.24

All Years:
1996-1997:

468.16
469.46

184.04
185.00

1997-1998:
1998-1999:

468.42
466.56

185.65
184.16

All Years:

73.48

19.31

1996-1997:
1997-1998:

73.54
73.24

19.42
19.34

1998-1999:

73.68

19.44

School Characteristics (71 Schools)
School Size:
Total school enrollment (from principal
interviews).*

School
Poverty:
Percentage of students at school who participate in the
free and reduced lunch program (from principal
interviews).*

* Variables are grand-mean centered in
analyses.
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Table 2. Cross-Classified Growth Model Predicting Student Math Achievement over 3 Years

Intercept
Growth Trajectory
Student Background Variables
Student Race (ref = White)
Black
Other
Student Gender (ref = Female)
Male
Student Eligible for Free Lunch
Student has an IEP
Student is Limited English Proficient

Initial Status
577.109
(7.65) 0.000

Growth
***
(5.80)

0.000

-0.919
0.412

(1.40)
(1.66)

0.509
0.803

0.786
1.927
0.757
2.965

(.84)
(1.10)
(1.96)
(2.79)

0.352
0.079
0.697
0.289

-0.728

(3.99)

0.857

-0.508
0.017

(.36)
(.01)

0.162
0.156

0.029

(.05)

0.562

-0.042
0.061

(.02)
(.03)

0.036
0.043

*
*
*
*

-10.546
-3.274

(1.84)
(2.24)

0.000
0.144

0.864
-7.302
-15.665
-2.446

(1.09)
(1.43)
(2.54)
(4.89)

0.430
0.000
0.000
0.617

Classroom Characteristics
% Low Performing Students in Math

-1.442

(4.89)

0.772

Teacher Characteristics
Years of Experience
Years of Experience Squared

1.086
-0.028

(.51)
(.02)

0.033
0.081

0.020

(.06)

0.749

-0.016
0.172

(.08)
(.08)

0.834
0.032

2.364
-1.541

(5.21)
(3.85)

0.653
0.689

-6.029
0.698

(2.88)
(.34)

0.037
0.041

0.004
-0.122

(.01)
(.08)

0.619
0.131

0.006
-0.092

(.01)
(.05)

0.234
0.076

827.141
181.575
40.692

(22.93)
(19.94)
(17.08)

0.000
0.000
0.020

Teaching Practices
Minutes per Day Spent on Math
Topic Focus
Focus on Basic Math Topics
Focus on Advanced Math Topics
Cognitive Demands
Memorize Facts
Solve Novel Problems
School Characteristics
School Enrollment
School % Free & Reduced Lunch

Random Effects
Variance Components
Level 1 Variance
Teacher Level Variance
School Level Variance
Covariance Components
Deviance Statistic

***

20.375

***
***

*

*

***

***
***
*

65026.574

Notes. Unstandardized coefficients are shown with robust standard errors in parentheses.
"ref" is the reference category for the comparison.
N = 7,588 observations for 4,803 students (over 3 years), nested within 457 teachers in 71 schools. *p<.05; **p<.01;***p<.001
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Table 3. HLM Models Predicting Teaching Practices
Variable List
Intercept

Model 1
Time Spent on Math
56.572
(6.06)
0.000 ***

Growth Trajectory

-0.642

(2.20)

0.771

-2.004

(2.64)

0.447

-1.258

(1.90)

0.508

2.365
2.058
0.596

(2.58)
(4.58)
(3.49)

0.361
0.653
0.865

4.546
1.421
2.785

(3.15)
(5.33)
(4.35)

0.149
0.790
0.522

8.210
12.938
-0.497

(2.55)
(3.74)
(3.07)

0.002 **
0.001 ***
0.872

Teacher Characteristics
Years of Experience
Years of Experience Squared

-0.440
0.015

(.43)
(.01)

0.302
0.253

0.118
0.006

(.57)
(.02)

0.835
0.749

-0.277
0.014

(.40)
(.01)

0.492
0.339

Professional Development Participation
PD with Content Focus on Math
PD with Content Focus on Reading
Other Professional Development

0.062
-0.043
-0.045

(.09)
(.09)
(.05)

0.486
0.641
0.385

0.132
-0.008
-0.049

(.11)
(.10)
(.06)

0.249
0.935
0.439

0.147
0.061
-0.081

(.06)
(.06)
(.05)

0.021 *
0.319
0.079 †

0.004
0.035

(.01)
(.07)

0.575
0.618

0.009
-0.050

(.01)
(.07)

0.170
0.482

0.007
0.039

(.00)
(.05)

0.047 *
0.447

118.780
210.199
417.209
386

(10.90)

209.874
184.322
571.792
386

(14.49)
(13.58)

102.766
104.047
534.327
386

(10.14)

20.661
102.914
68

(4.55)

8.758
95.295
68

(2.96)

2.303
87.424
68

(1.52)

Classroom Characteristics
Grade Taught (ref = 3rd Grade)
4th Grade
5th Grade
% Low Performing Students in Math

School Characteristics
School Enrollment
School % Free & Reduced Lunch
Variance Components
Level-1 & Level-2 Variance Components:
Intercept
Level-1
Chi-square
df
Level-3 Variance Components:
Intercept
Chi-square
df

0.000 ***

(14.50)

0.003 **

Model 2
Model 3
Focus on Basic Math Topics
Focus on Advanced Math Topics
44.161
(6.79)
0.000 ***
9.015
(5.10)
0.081 †

Covariance Components
Deviance Statistic
3327.203
3375.180
df
15
15
Notes . Unstandardized coefficients are shown with robust standard errors in parentheses.
"ref" is the reference category for the comparison.
N = 457 Math Teacher in 71 Schools; *p<.05; **p<.01; ***p<.001

0.000 ***

0.013 *

0.000 ***

(10.20)

0.047 *

3126.502
15

56

Table 4. HLM Models Predicting Teacher Emphasis on Cognitive Demands
Model 1

Model 2

Variable List
Intercept

Memorize Facts
0.5981
(.07)

0.000 ***

Solve Novel Problems
0.3039
(.07)
0.000 ***

Growth Trajectory

0.0566

(.03)

0.095 †

0.0429

(.04)

0.336

Classroom Characteristics
Grade Taught (ref = 3rd Grade)
4th Grade
5th Grade
% Low Performing Students in Math

-0.0599
-0.1186
0.0031

(.05)
(.07)
(.04)

0.215
0.081 †
0.941

0.0279
-0.0165
0.0576

(.06)
(.08)
(.05)

0.624
0.842
0.281

Teacher Characteristics
Years of Experience
Years of Experience Squared

-0.0076
0.0003

(.00)
(.00)

0.111
0.026 *

0.0016
0.0000

(.01)
(.00)

0.821
0.967

Professional Development Participation
PD with Content Focus on Math
PD with Content Focus on Reading
Other Professional Development

0.0009
-0.0009
0.0006

(.00)
(.00)
(.00)

0.499
0.468
0.459

0.0010
0.0006
0.0014

(.00)
(.00)
(.00)

0.008 **
0.690
0.076 †

0.0000
0.0014

(.00)
(.00)

0.942
0.069 †

0.0001
0.0015

(.00)
(.00)

0.205
0.102

0.019
0.028
468.930
386

(.14)

0.000 ***

0.003
0.067
263.539
386

(.05)

0.462

0.003
92.639
68

(.06)

0.006
114.664
68

(.08)

School Characteristics
School Enrollment
School % Free & Reduced Lunch
Variance Components
Level-1 & Level-2 Variance Components:
Intercept
Level-1
Chi-square
df
Level-3 Variance Components:
Intercept
Chi-square
df

(.17)

0.021 *

Covariance Components
Deviance Statistic
-70.819
df
15
Notes . Unstandardized coefficients are shown with robust standard errors in parentheses.
"ref" is the reference category for the comparison.
N = 457 Math Teacher in 71 Schools; *p<.05; **p<.01; ***p<.001

(.26)

0.000 ***

91.710
15
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Appendix
Table A.1 Bivariate Correlations
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Figure A.1 Cross-Classified Model Predicting Student Math Achievement
Time Varying Student Model:
(1)

Yijkl = π0jkl + π1jkl GROWTH TRAJECTORYijkl + eijkl

Yijk represents mathematics achievement at time point i, for student j, who was assigned to teacher k,
and is teaching in school l.
π0jkl is the expected math achievement for student j.
π1jkl GROWTH TRAJECTORYijkl is the annual rate of growth in mathematics achievement for student
j (in which the trajectory takes on the following values: 0 for the 1996-97 school year, 1 for the 199798 school year, and 2 for the 1998-99 school year).
eijkl is the random within-subject residual, or the deviation of ijkl’s mathematics achievement from
the cell mean, which is assumed to be normally distributed.
Between-Cell Model:
(2)

π0jkl = θ0 + γ01 INVARIANT STUDENT BACKGROUND01j + b00j
+ β01TEACHER CHARACTERISTICS01k + c00k
+ λ01SCHOOL CHARACTERISTICS01l + d00l

π0jkl is the expected math achievement for student j.
θ0 is average math achievement.
γ01 INVARIANT STUDENT BACKGROUND01j refers to the coefficients associated with each of the
student background measures we use in our analysis that do not, in our sample, vary over time:
students’ race, gender, free and reduced lunch status, IEP status, and LEP status. These variables are
considered row-level predictors within the HCM framework (Raudenbush & Bryk, 2002).
b00j is the random effect associated with student j during the first year of the study.
β01TEACHER CHARACTERISTICS01k represent the coefficients associated with two teacher-specific
variables (years of experience and years of experience squared), one classroom variable (percent of
low performing students in math), as well as five instruction variables (minutes per day spent on
math, focus on basic math topics, focus on advanced math topics, emphasis on memorizing facts, and
emphasis on solving novel problems). These characteristics are measured at the teacher level and are
considered column-level predictors within the HCM framework (Raudenbush & Bryk, 2002).
c00k is the random effect, or an expected deflection to the growth curve associated with encountering
teacher k.
λ01SCHOOL CHARACTERISTICS01l refers to the coefficients associated with each of the schoollevel measures we use in our analysis: school enrollment and school poverty. The school
characteristics measures are presented in bold to indicate grand-mean centering.
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d00l is the random effect, or an expected deflection to the growth curve associated with encountering
school l.
Growth Portion of Model:
(3)

π1jk = θ1 + b10j + γ10 INVARIANT STUDENT BACKGROUND10j
+ β10TEACHER CHARACTERISTICS10k
+ λ10SCHOOL CHARACTERISTICS10l

π1jk is the annual rate of growth in mathematics achievement for student j
θ1 is the average learning rate.
b10j is the random effect associated with student j on their rate of growth in mathematics
achievement.
γ10 INVARIANT STUDENT BACKGROUND10j refers to the coefficients associated with each of the
student background measures we use in our analysis.
β10TEACHER CHARACTERISTICS10k include the coefficients associated with the teacher, classroom,
and instruction variables in our model.
λ10SCHOOL CHARACTERISTICS10l refer to the coefficients associated with the school variables in
our model. The school characteristics measures are presented in bold to indicate grand-mean
centering.
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Figure A.2

HLM Growth Models Predicting Teaching Practices

Level 1 Model (time varying teacher model):
(1)

Yijk = π0jk + π1jk GROWTH TRAJECTORYijk + π2jk GRADE LEVELijk + π3jk CLASS
COMPOSITIONijk + π4jk PROFESSIONAL DEVELOPMENTijk +eijk

Yijk represents one of five dependent variables2 related to time spent on certain teaching practices at
time point i, for teacher j, teaching in school k.
π0jk is the mean time spent on specific teaching practices of teacher j in school k.
π1jk GROWTH TRAJECTORYijk is the annual rate of growth in the use of specific teaching practices
for teacher j in school k (in which the trajectory takes on the following values: 0 for the 1996-97
school year, 1 for the 1997-98 school year, and 2 for the 1998-99 school year).
π2jk GRADE LEVELijk represents a series of three dummy variables used to control for the grade
teacher j teaches within school k: second grade, fourth grade, and fifth grade (third grade is used as
the control group).
π3jk CLASS COMPOSITIONijk represents the percentage of low performing students in mathematics
during time i, for teacher j’s classroom, within school k.
π4jk PROFESSIONAL DEVELOPMENTijk represents the coefficients associated with participation in
three types of professional development at time i for teacher k in school j. These types of professional
development include participation in professional development with a content focus in math,
professional development with a content focus in reading, and professional development with other
foci.
eijk is the random within-subject residual, or the deviation of ijk’s use of teacher practices from the
teacher’s mean, which is assumed to be normally distributed.
Level 2 Model (time invariant teacher model):
(2)

0jk = 00k + 01k(YEARS OF EXPERIENCE)jk + r0jk,

π0jk is the expected time spent on certain teaching practices for teacher j.

00k is average time spent on certain teaching practices in school k.
01k(YEARS OF EXPERIENCE)jk represents the coefficients associated with teachers’ years of

experience and a quadratic term for teachers’ years of experience.
r0jk is the random teacher effect, or the deviation of teacher jk’s mean from the school mean, which is
assumed to be normally distributed.

2

The five dependent variables used in our analyses include the following: time spent on mathematics instruction, focus on
basic math content, focus on advanced math content, use of instructional strategies related to memorizing facts, and use of
instructional strategies related to solving novel problems.
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Level 3 Model (school-level model):
(3)

00k = 000 + 001k(SCHOOL CHARACTERISTICS)k + u00k

00k is average time spent on certain teaching practices in school k.
000 is the grand mean of time spent on certain teaching practices.

001k(SCHOOL CHARACTERISTICS) represents the coefficients associated with the two schoollevel variables used in our model for school k: school enrollment and school poverty. The school
characteristics measures are presented in bold to indicate grand-mean centering.
u00k is a random “school effect”, or the deviation of school k’s mean from the grand mean, which is
assumed to be normally distributed.
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Figure 1. Conceptual Model
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Figure 1. Proposed Core Conceptual Framework for Studying the Effects
of Professional Development on Teachers and Students
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i

Of course, much can be done to prepare teachers in their pre-service training. That is beyond the scope of this paper,
though it has been the focus of much other work (see Wilson, Floden, & Ferrini-Mundy, 2002).
ii
The basic components of these theoretical pathways are nearly universal in theoretical notions of the trajectories of
teacher learning (e.g., Borko, 2004; Ingvarson, Meiers, & Beavis, 2005), with variations that include an emphasis on
context (Borko, 2004), changing the order to reflect teacher change in beliefs as a function of improved student
achievement (Guskey, 2002), and acknowledgement of multiple pathways and individuality of teacher growth (Clarke &
Hollingsworth, 2002).
iii
Students participated in LESCP during grades 2-5; however, achievement tests were administered to students only in
grades 3-5. Therefore, all analyses are restricted to students in grades 3-5 and their teachers.
iv
Additional teachers participated in the LESCP, but our analyses reflect only the teachers used in our student analyses.
We confirm our findings using this sub-sample of teachers by conducting the same analyses on the full sample of teachers,
which yields similar results.
v
In the student achievement models, all school-level variables are included in the teacher portion of the model.
vi

As a sensitivity test, we examined whether teachers’ instruction varied significantly by class or student-level
achievement. We also interacted instruction with achievement in an HLM gains model, to test for interaction effects.
We found no significant interactions in any of these analyses.
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