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Improving Mathematics Teacher Practice and Student Learning through

Professional Development
ABSTRACT
The project is studying how to provide, on a large scale, the professional development and continuing support teachers need to improve student achievement in mathematics. Over five years of a longitudinal study, we are examining how the use of specific research-based instructional strategies in the classroom—supported by professional development and highly rated curriculum materials—relate to lasting improvements in student learning. The first three years are devoted to developing a professional development model and instrumentation for measuring teaching and student learning. An experimental study in Years 4 and 5 will test the feasibility of delivering professional development and ongoing support cost-effectively on a large scale. The University of Delaware and Texas A&M University, working in partnership with Project 2061 of the American Association for the Advancement of Science (AAAS) are implementing research that studies the interactions of teaching practices, curriculum materials, and professional development to understand how they can be optimized to improve student learning.
Theoretical Foundations and Rationale
Improving student learning is an extraordinarily complex problem, requiring coordinated reform of many different parts of the educational system. Such reform involves setting coherent learning goals; creating aligned assessment; developing sound curriculum materials; dramatically improving the quality of teaching; and allocating adequate conceptual, material, and social resources in school settings (Fuhrman, 1993; Fullan, 1991; AAAS, 1998).  
A large body of research has identified elements of effective instruction in mathematics including eliciting and responding to student conceptions, structuring inquiry with a series of mathematically-rich problem situations, and promoting discussions among all students in which correctness lies in mathematical argument rather than the social status of the participants (e.g., NRC, 2000; AAAS, 1989; Grouws, 1992; Hiebert et al., 1997). However, we do not know what sense the majority of teachers make of these elements and some case studies report that teachers use the rhetorical language of reform but never actually incorporate new and more effective instructional practices (Cohen et al., 1990). And there are almost no empirical studies on how to develop on a large scale teachers’ knowledge and skills needed to enact effective instructional practices. 

It has been argued that curriculum materials could be agents of instructional change and sources of teacher knowledge (Ball & Cohen, 1996). Indeed, Project 2061’s recent evaluation of middle grades mathematics materials indicates that the newly developed materials funded by the National Science Foundation have high potential for improving student learning (AAAS, 2000). Yet while a few studies suggest that use of these materials improves student achievement, most studies were carried out by the developers and lacked control groups (Show-Me Center, 2000).  Given the potential importance of curriculum materials (Ben-Peretz, 1990; Freeman & Porter, 1989; Stodolsky, 1988), it is fundamental to understand how they can support teachers in ways that allow them to actually understand and implement effective teaching practices. 

Without professional development explicitly aimed at helping teachers both understand the intent of these curriculum materials and assess models of what it looks like to use them well, it is unlikely that school districts will be able to exploit the full potential of these materials for increasing teacher knowledge and student learning. But professional development by itself is unlikely to produce change, in the same way that curriculum materials alone or teachers alone are unlikely to improve student learning. It is the interactions among teachers, curriculum materials, professional development, and ongoing support for teachers that can lead to lasting improvements in student learning. To examine these interactions, the project focuses on three questions:

1. What is the relationship between teacher knowledge, the use of research-based instructional strategies—supported by highly rated curriculum materials—and student learning of specific mathematics ideas and skills?

2. How does professional development and ongoing support—focused on specific mathematics learning goals—build teacher knowledge and lead to more effective teaching practices?
3. How can technology help to provide effective teacher professional development and ongoing support cost-effectively on a large scale?
The starting point for addressing these questions is a set of research findings and assumptions that relate to what students should learn, how teachers and students gain new knowledge and skills, how curriculum materials support good teaching, and how specific kinds of professional development and ongoing support can change teacher practices and sustain those changes over time.  

Mathematics knowledge and skills.  There is now widespread agreement that mathematics education should focus on a carefully specified and coherent set of important concepts and skills that all students should learn, such as the learning goals (or standards) recommended in the National Council of Teachers of Mathematics’ (NCTM’s) Principles and Standards for School Mathematics (2000) and in Project 2061’s Benchmarks for Science Literacy (AAAS, 1993).  These documents are more than a list of objectives; rather, they provide a coherent picture of what all students should know and be able to do at the end of their K-12 education. When learning goals are spelled out with sufficient specificity and coherence (as these national goals are), it becomes possible to systematically study how students think about particular mathematical ideas and skills and what kinds of teaching approaches are effective in helping students learn them. Indeed, much of the knowledge needed for teaching is specific to a particular idea or skill (Shulman, 1986; Carpenter et al., 1989). 

Teacher knowledge.  Research has illuminated the kinds of teacher knowledge needed to teach specific mathematical ideas and skills for understanding (e.g., Ball, 1988; Leinhardt & Smith, 1985; Putman & Borko, 2000; Fennema & Franke, 1992; Cohen et al., 1993; Hiebert & Carpenter, 1992). Mathematics teachers need specialized knowledge that “includes an integrated knowledge of mathematics, knowledge of the development of students’ mathematical understanding, and a repertoire of pedagogical practices that takes into account the mathematics being taught and the students learning it” (NRC, 2001a).  Teachers also need content that is much more coherent than the traditional content presented in widely used textbooks. In addition, students need a collection of representations to help them construct their own mathematical understanding. Content-based pedagogy helps teachers to recognize common student conceptions that are relevant to specific learning goals and to provide tasks and pose questions that guide students’ interpretation of mathematics (NRC, 2001a). These and other principles are embedded in the How People Learn report (NRC, 2000) and Project 2061’s research-based criteria for evaluating key elements of effective mathematics instruction (AAAS, 2000). The criteria require materials and teachers to provide a sense of purpose for students, build on students’ ideas, engage students in mathematics through a variety of contexts and experiences, develop and apply mathematical ideas, promote students’ thinking about mathematics, assess student progress, and enhance the learning environment for all students. These criteria are used in our study to (1) inform observations of teacher practices and relate these practices to teacher knowledge and (2) shape the design of professional development and ongoing support for teachers. 

Student learning.  In creating standards documents, both NCTM and AAAS drew on a large body of research findings on how students learn particular ideas, when they are best able to learn them, and the difficulties they are likely to have (e.g., Owens & Wagner, 1993; Hiebert & Carpenter, 1992; Carpenter et al., 1989; Cobb et al., 1991). Among the most significant findings are those that deal with how students connect new information and concepts to those they already have (NRC, 2000). Current research has much to say about students’ common preconceptions and how students restructure their thinking to incorporate new ideas and skills, how they construct new knowledge, and how they transfer knowledge to new situations and applications. These findings have also shaped Project 2061’s research-based criteria for evaluating instructional strategies in the classroom and in curriculum materials (AAAS, 2000). 

Curriculum materials.  The mathematics concepts and skills described in the NCTM standards and Project 2061’s benchmarks have helped to guide the development of new textbooks, including several that have been created with support from the National Science Foundation.  To judge their potential in helping students learn concepts and skills included in standards and benchmarks, Project 2061 conducted an independent evaluation of 13 recently published middle grades mathematics textbooks. Drawing on the available research on how students learn mathematical concepts and skills, Project 2061 crafted a set of criteria for judging the quality of the instructional support provided in curriculum materials (AAAS, 2000). While nearly all of the textbooks included in the evaluation provided adequate coverage of selected mathematics ideas and skills, only four texts were rated satisfactory in providing effective instructional strategies for teachers, receiving an overall score of at least 2.0 out of a possible 3.0 (AAAS, 2000). These books are carefully aligned with national standards and draw on learning research to provide effective instructional guidance that supports (but does not replace) the teacher’s own knowledge of the mathematics content and how to teach it. Our research assumes that curriculum materials affect student learning mainly through their influence on teachers. Rather than trying to “teacher-proof” materials, we assume that highly rated materials support teachers by helping them to build their own content and pedagogical knowledge and to enact and reflect this knowledge in their teaching. Highly rated materials provide a powerful set of carefully selected and sequenced tasks to evoke student conceptualization and development of important mathematical ideas and skills. These resources can serve as sources of reflection for teacher learning as well (Smith, 2001; Acquarelli & Mumme, 1996; Ball & Cohen 1996). 

Professional development.  There is a growing consensus among educators on the qualities and goals of effective professional development (Loucks-Horsley, Hewson, Love, & Stiles, 1998; NRC, 2001a, 2001b; Wilson & Berne, 1999; Ball & Cohen, 1999; Smith, 2001).  For example, recent studies indicate that successful professional development programs in mathematics are content-driven and explicitly focused on how students learn particular mathematics ideas (Kennedy, 1999; Smith, 2001). Also, there are reports that support the principle that professional development should be relevant to teachers’ practices, long-term, content- and community-focused, and collaborative (Wilson & Berne, 1999; NRC, 2001a, 2001b). Research has shown the importance of inquiry as part of teaching practice (e.g., teachers collecting and analyzing data on their own students’ learning) and the value of ongoing support for teachers through mentoring and through peer group planning, discussions, and lesson studies (Carpenter et al., 1989; Kennedy, 1999; Wilson & Berne, 1999; Silver & Stein, 1996; Smith, 2001). Unfortunately, there is almost no research on how professional development actually affects student learning (Kennedy, 1999). 
As the findings summarized above show, researchers have produced some knowledge about how different elements of the educational system—such as curriculum, instruction, professional development, and ongoing support for teachers—should function to improve student learning of mathematics. But there is no research on how all these elements should work together (Cohen & Ball, 1999; Spillane, Halverson, & Diamond, 2001). By examining the connections among the structure of instructional materials, teacher knowledge, classroom activities, professional development, ongoing support, and student learning, our research seeks to shed light and provide valid statistical evidence on how these elements work together to improve student learning in mathematics. We are creating instruments to collect valid teacher and student learning data that can provide information on the conditions under which students learn mathematics well. In particular, we are examining the classroom conditions that enable students to achieve the ambitious learning goals set forth in the new generation of reform curricula. The project takes advantage of the variety of development and implementation efforts that currently exist in mathematics education and addresses key questions asked by educators and the public: Can the reform curricula really improve student learning? Under what conditions does such learning occur? 

Research Design and Methods
The research design of the project is inevitably a compromise between research logic and the practicalities of the sites involved. To evaluate the effectiveness of our professional development interventions, we are (1) videotaping selected lessons to document teacher and student behaviors in the classroom as they work with materials that have received high, moderate, and low ratings and (2) assessing student learning of key concepts and skills that are widely regarded as important to basic understanding in mathematics. We are working with schools in two states where standards-based reform efforts have been underway during the past decade. Both states have content standards that correspond well to the learning goals that will serve as the basis for this project.  Although randomization is not possible in the study, teachers will serve as their own controls, with current students’ performance being compared to that of previous students.  Recent advances in growth modeling such as latent growth modeling (largely an SEM-based method), hierarchical growth modeling (HLM-based), and longitudinal modeling (SEM-based) allow a much richer representation of change in teachers and students than has been typically been reported (McArdle & Hamagani, 1997; Raudenbusch, 1988; Sivo & Willson, 2000; Willett & Sayer, 1997).
Years 1-3 began a longitudinal study of progressive professional development of a relatively small number of teachers. To study persistence and sustainability, follow-up data on these teachers will be collected in Years 4 and 5. The professional development and ongoing support will be revised during the first three years in preparation for the experimental study. We will use teacher feedback, what can be inferred from classroom observations, and the availability of videos of teaching and samples of student work from the first three years to design and test an optimal professional development experience, supported with technology, for half of the new participants in Years 4 and 5.  A new cohort of teachers will be randomly assigned to receive either an optimal or a minimal version of the professional development, though both groups will receive technology-based support. The experimental study will evaluate how the professional development strategies can be abbreviated and scaled up to affect implementation and achievement more widely and more efficiently.  We will measure the level of implementation and student achievement in the new teachers’ classrooms, looking again at how teachers improve implementation, how they adapt to individual needs, and whether teachers are able to compensate for shortcomings in lower-rated materials.
About the textbooks.  Two of the textbooks—Connected Mathematics and Mathematics in Context—were the most highly rated of the 13 analyzed by AAAS, with overall median scores of 2.7 and 2.8 out of a possible total of 3.0. One series—Middle Grades Math Thematics—received an overall median rating of 2.3, which was considered to be satisfactory. Moreover, while receiving an overall rating of satisfactory, Middle Grades Math Thematics received unsatisfactory ratings on three out of four criteria in Category II: Building on Student Ideas about Mathematics. The fourth series—Mathematics Applications and Connections—is widely used in Texas and other states but received an overall median rating of 1.35, falling in the unsatisfactory range (AAAS, 2000).  By using textbooks with this range of support for effective teaching, we hope to learn (from Year 1 of the study) what level of support is actually needed and (from Years 2 through 5) how much professional development can compensate for the lack of support provided. 

About the study sites.  The school districts involved in this study serve diverse student populations, ranging from 60% “Low SES” and minority in Bryan, Caldwell and Hearne, TX to 10% each in College Station, TX and Appoquinimink, DE.  Sites using Mathematics in Context and Mathematics Applications and Connections provide the most mature implementation examples where teachers have at least three years of experience.  One Texas district has been using Middle Grades Math Thematics and has been providing teachers with short workshops in which they do sample activities from the textbook.  In Delaware, the Local Systemic Change initiative is already supporting the implementation of Connected Mathematics and Mathematics in Context. Delaware teachers using these materials have received 80 hours of professional development in their use. In contrast, Texas Connected Mathematics teachers have one or two years of experience with the series but have had no professional development. By using two sites with different levels of prior professional development for the same material (Connected Mathematics) we hope to gain insights about the extent of this kind of professional development that is actually needed.
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Professional development.  In the first year, professional development has focused on the learning goals themselves and what “alignment” to them entails. During a summer workshop, teachers identified mathematics standards and studied the extent to which relevant activities focus on the learning goals and how the activities are distributed over time in the four curriculum materials involved in this study. By the end of the workshop, the teachers and research staff had agreed on a set of learning goals to study in the coming years of the project.

The learning goals that were selected are from the conceptual strands of number, algebra, and statistics commonly found in grade 6-8 textbooks and include both conceptual and procedural ideas. Table 1 depicts the learning goals for Number and Algebra that were selected in cooperation with the participating schools and teachers. The state standards align with the AAAS benchmarks that were used as part of the study of the textbooks.  A data analysis standard will be selected added for study in year 3. 
Table 1.  Number and Algebra Benchmarks and Standards Selected for Study.

	Number Concepts and Skills
	Algebra Concepts and Skills

	
	

	AAAS Benchmark (AAAS, 1993)

Use… numbers in several equivalent forms such as integers, fractions, decimals, and percents.  Benchmarks 12B 6-8 #2


	Symbolic equations can be used to summarize how the quantity of something changes over time or in response to other changes. Benchmarks 11C 6-8 #4

	Texas Essential Knowledge and Skills

The student is expected to generate equivalent forms of rational numbers including whole numbers, fractions, and decimals.  Grade 6 #1(B)

The student is expected to convert between fractions, decimals, whole numbers, and percents mentally, on paper or with a calculator.  Grade 7 #1(B)

Compare and order rational numbers in various forms including integers, percents, and positive and negative fractions and decimals.  Grade 8 #1(A)


	The student uses letters as variables in mathematical expressions to describe how one quantity changes when a related quantity changes. Grade 6 #4 

The student represents a relationship in…symbolic form. Grade 7 #4

The student makes connections among various representations of a numerical relationship.  Grade 8 #4

	Delaware Mathematics Standards

Apply multiple representations of numbers: integers, fractions, decimals, percents, exponents, and scientific notation. 6.61

Use various forms of “one” to demonstrate equivalence of fractions. 6.65

Connect physical, verbal and symbolic representations of rational numbers. 6.60

Demonstrate an understanding of order relations for rational numbers. 6.63

Examine the relative effect of operations on rational numbers. 6.64


	Analyze functional relationships to explain how a change in one quantity results in a change in another. 10.61

Represent situations with…equations...

7.60

Model and solve real-world and mathematical problems using algebraic methods. 7.61


With the learning goals well in mind, professional development in year 2 will focus on developing an understanding of research-based instructional practices and how the textbooks support teachers in applying these practices in the context of specific learning goals. Professional development in year 3 will focus on how instructional practices relate to student achievement. Participants will examine artifacts of teaching—for example, analyzed lessons (as characterized in the curriculum materials)—and compare how well they reflect particular research-based principles (Stigler & Hiebert, 1999). As we collect a range of enactments of these same lessons from participating teachers’ classrooms, we will involve teachers in analyzing the enacted lessons. We think that the range of both analyzed lessons and analyzed enactments will contribute to developing the cognitive flexibility teachers need to recognize the essential attributes of good instruction and the varying ways those attributes are combined and adaptively tailored to diverse classroom situations and then to examine their own practice in light of them (Spiro, Coulson, Feltovich, & Anderson, 1994). We will attempt to balance the use of live videos (to capture a wider range of behavior and provide greater interest) and the use of transcripts of those videos (to allow for greater focus and preserve anonymity). As the relationships emerge from the studies between the use of research-based practices and student achievement of the specific learning goals that these practices are aimed at, we will involve teachers in examining and discussing the data. For example, student work on a particular task in “highly rated” classrooms (where the enactment meets particular instructional criteria) will be compared to student work in less highly rated classrooms (where, for example, teachers pay less attention to commonly held student ideas or to guiding student interpretation and reasoning about the task).

Ongoing support.  Given the limited time available for professional development and the relatively large number of learning goals to be achieved in middle grades mathematics, it is not possible to provide case studies that address each student learning goal. We hypothesize the highly rated mathematics materials can help support teachers’ attempts to apply research-based practices to other learning goals—something the proposed studies will explicitly test. But teachers will likely also need ongoing support to understand the other learning goals and to adapt the materials in diverse settings. Furthermore, as new teachers enter the system they will need to become part of the communities of practice:  “When teachers have opportunities to continue to participate in communities of practice that support their inquiry, instructional practices that foster the development of mathematical proficiency can be more easily sustained” (NRC, 2001a, pp. 10-28). We will encourage such communities of practice by

· establishing the value of such communities during professional development sessions;

· helping policy makers and parents appreciate the value of such communities to improving teaching and learning;

· helping all of them consider strategies for making time available for the analysis of practice and student learning to continue (e.g., Smith, 2001); 

· annotating and making the case study materials (from this project) available for districts to use with other teachers (especially those new to the district); 

· providing communications networks to support discussions during and beyond the project; and

· encouraging the use of findings and materials from this project in teacher preparation and in graduate courses. 

A key aspect of sustaining improvements in teaching is the need to build district capacity for providing feedback and support (Spillane et al., 2001). We include district mathematics specialists in participating and helping to plan professional development, collecting data, and analyzing data.










Classroom observations and videotaping.  The primary purpose of classroom data collection is to describe actual instruction (enacted curriculum) so that it can be compared with the same principles of effective teaching that were used to analyze the textbooks. A detailed description of the program of activities and resources recommended in each textbook—that is, the literal curriculum--provides a basis for monitoring, describing, and analyzing teachers’ use of the material, noting, for example, which tasks are actually implemented in the classroom, what modifications are made, and what additional tasks are assigned.
The monitoring of teachers’ use of the textbooks is done in a way that respects the teachers’ responsibility to adapt the materials to the needs of a particular group of students. This data will shed light on the kinds of modifications that teachers judge are needed. Our interest is not in making sure that teachers follow the material rigidly; on the contrary, we want to find out how experienced teachers interpret and use the materials.  
We will use at least three indicators to measure effective teaching: (1) the ability to carry out the instructional activities in highly rated materials, (2) the ability to adapt materials for new contexts and needs, and (3) improvements in student learning. 
During the first year of the study (2001-02), observations were made of the teachers to determine the range and type of instructional materials that were used, including the extent of use of the textbook.  We also studied the layouts of classrooms in order to plan for and practice videotaping.  General instructional styles for each teacher were noted in order to anticipate both videotaping protocols and the possible challenges that would be faced in developing the procedures for comparing literal and enacted lessons.  Table 2 shows the observations that were conducted during the first year. 
Table 2. Number of Observations in Year 1 by Grade, School District, and Textbooks.
	Grade and TEKS
	Bryan
	Caldwell
	College Station
	Total

	6th Grade 

(Number TEKS)
	24
	4
	24
	52

	7th Grade 

(Algebra TEKS)
	12
	6
	5
	23

	8th Grade

(Algebra TEKS)
	2
	7
	0
	9

	Total
	38
	17
	29
	84

	Textbooks
	
	
	
	

	Math Thematics
	38
	0
	0
	38

	Glencoe
	0
	17
	0
	17

	Connected Mathematics
	0
	0
	29
	29

	Total
	38
	17
	29
	84


In Year 2 (2002-03), classroom data collection has focused on key lessons that are identified to address the selected mathematics learning goals (See Table 1).  Researchers observed and videotaped approximately five lessons for each teacher.  Table 3 shows the record of observations and videotapes that have been collected at the Texas sites.  Additional data from the lessons that was collected include student worksheets and handouts, overhead transparencies, and teacher interviews. 
Table 3. Number of Videotaped Lessons in Year 2 by Grade, School District, and Textbooks.

	Grade and TEKS
	Bryan
	Caldwell
	College Station
	Hearne
	Total

	6th Grade 

(Number TEKS)
	21
	6
	35
	0
	62

	7th Grade 

(Algebra TEKS)
	2
	4
	4
	3
	13

	Total
	23
	10
	39
	3
	75

	Textbooks

	Math Thematics
	23
	0
	0
	0
	23

	Glencoe
	0
	10
	4
	3
	17

	Connected Mathematics
	0
	0
	35
	0
	35

	Total
	23
	10
	39
	3
	75


Issues of validity and reliability of classroom data are key for this research. To ensure validity, all persons doing videotaping were trained in a common protocol to ensure that the teacher’s instruction was recorded clearly and consistently.  Protocols and standards for the quality of the video and audio were developed by the researchers to assure that the same standards are used in the different sites for videotaping. Using the videotapes of teaching, we are following protocols reported in the literature for video analysis to ensure that observers use the instruments in standard ways (e.g., the training should include at least three people watching the tape together and then sharing their observations) (Gallagher & Parker, 1997; Schoenfeld, 1992). 


Assessments of student learning. The measures of student mathematics learning in this study address several interrelated factors: (1) the alignment of assessments with learning goals—both content alignment and the likelihood that tasks effectively assess the targeted goals, (2) the formality of measures—standardized and informal, (3) the balance of assessment tasks—multiple choice and constructed response, and (4) the unit of reporting on achievement—classroom and individual student.  Student learning in mathematics is not just accumulation and repetition of knowledge. Research from cognitive psychology and from investigations of expertise and of students’ misconceptions (and alternative conceptions) makes a persuasive case for cognitive restructuring of knowledge that accompanies the development of expertise (NRC, 2000). In our view, student learning should be a coherent web of understanding. The nature of that web is described in the conceptual-strand maps in Atlas of Science Literacy (AAAS, 2001). One goal of understanding change in student learning is to characterize cognitive restructuring of students’ knowledge. In particular, differences in slopes of learning curves of individual students are an important sign of instructional effectiveness. Such research is inherently intra-individual and requires assessments sensitive to such changes. 




The states involved in the study have in place standardized mathematics assessments, and some districts use standardized tests as a regular component of their accountability system. These state assessments or standardized tests are central to school and teacher decision making about the curricula they use and the learning goals on which they focus. For this reason, the project will use these tests as one measure of student achievement. The tests offer an opportunity to report achievement on standardized measures, making it possible to compare student achievement in the project with previous years in a particular school or with similar schools in the state. On the other hand, most standardized tests are comprised primarily of multiple-choice items and may not probe the targeted learning goals in sufficient depth or breadth. Therefore, the study also incorporates (1) specially designed assessment tasks aligned with the targeted learning goals and (2) informal assessments, including homework and quizzes, teacher judgments, student interviews, hands-on tasks, and student projects to help interpret nuances in individual or classroom achievement. 

During Year 1, specifications and pilot tests for the assessments of the Number (assessed at grades 6 and 7) and Algebra (assessed at grades 7 and 8) learning goals were developed.  The development applied the Project 2061 procedure for analyzing the alignment of individual science and mathematics assessment tasks with specific learning goals, such as statements from national or state standards. The procedure addresses both the alignment of content (Is knowledge of the goal both necessary and sufficient for responding to the task?) and the likely effectiveness of the task (Is the task clear and fair in its statement and expectations, engaging and interesting to students, and not susceptible to guessing?) (Kulm, 2001).  In addition, the development applied ideas from the Atlas of Science Literacy (AAAS, 2001) by constructing maps that described important strands of knowledge.  The map for the Number learning goal is shown in Figure 1.

[Insert Figure 1 – Number map - here]
The tests include a mix of multiple choice, short answer, and open-ended items that take 30-40 minutes to complete.  The short answer and open-ended items were first tried out with representative samples of 5-10 students through interviews about their thinking as they responded to the tasks. These results were used to revise and realign the tasks. The revised items were used to construct a Pilot test, which was administered in May, 2002 to a representative sample of 500 students.  Analysis of student response data examined the reliability of coding as well as patterns and relationships among tasks for the set of learning goals.  Further analyses of the Pilot tests were conducted to assess construct validity (Capraro, R., 2003; Capraro, M., 2003).  The tests were revised and prepared in two forms for administration to the students in the classes that were to be videotaped as Pretests in September 2002.  The alternative forms of the tests will be given as Posttests in May, 2003.  The results from these tests will be used to study the effects on student achievement of instruction where highly rated and lower-rated textbooks were used.  
Data Analysis
The enacted lessons will be compared to the analysis and ratings from the textbook analysis (AAAS, 1999). Table 4 lists the categories and the criteria.  Patterns of modification will be identified, including the kinds of tasks that are omitted, added, or modified. Of particular interest will be how the modifications relate to the criteria for good instruction that are identified in the Project 2061 curriculum-materials analysis procedure. Criteria in categories II and V provide a basis for distinguishing among materials and may be helpful in distinguishing among teaching practices. In subsequent analyses, the patterns of use and modification of the recommendations of the curriculum materials will be related to patterns of student achievement.
Table 4. Categories and Criteria used for Analysis of Video Data

	Instructional Categories and Criteria

	

	Category I: Identifying a Sense of Purpose

	I.1 Conveying Unit Purpose: Does the teacher convey an overall sense of purpose and direction that is understandable and motivating to students? 

	I.2 Conveying Lesson Purpose: Does the teacher convey the purpose of each activity or lesson and its relationship to others?

	I.3 Justifying Sequence of Activities: Does the teacher involve students in a logical or strategic sequence of activities (versus a collection of activities) that build toward understanding of the ideas in the unit or chapter purpose? 

	

	Category II: Building on Student Ideas about Mathematics

	II.1 Specifying Prerequisite Knowledge. Does the teacher address prerequisite knowledge and/or skills necessary to the learning of the learning goal?

	II.2 Alerting Teacher to Student Ideas.  Is the teacher alert to commonly held student ideas (both troublesome and helpful) such as those described in Benchmarks for Science Literacy Chapter 15: The Research Base?

	II.3 Identifying Student Ideas.  Does the teacher utilize strategies to find out what students think about familiar situations related to a benchmark before the mathematical ideas are introduced?

	II.4 Addressing Misconceptions.  Does the teacher explicitly address commonly held student ideas?

	

	Category III: Engaging Students in Mathematics

	III.1 Providing Variety of Contexts.  Does the teacher provide experiences with mathematics in multiple, different contexts?

	III.2 Providing Firsthand Experiences.  Does the teacher include activities that promote firsthand experiences with the mathematical ideas, when practical? 

	

	Category IV: Developing Mathematical Ideas

	IV.1 Justifying Importance of Benchmark Ideas.  Does the teacher help students develop a sense of the importance and validity of mathematical concepts or procedures?

	IV.2 Introducing Terms and Procedures.  Does the teacher introduce terms and procedures only in conjunction with experience with them and only as needed to facilitate thinking and promote effective communication?

	IV.3 Representing Ideas Accurately.  Does the teacher include accurate and comprehensible representations of mathematical concepts, procedures, and relationships? 

	IV.4 Connecting Benchmark Ideas.  Does the teacher explicitly draw attention to appropriate connections among mathematical ideas?

	IV.5 Demonstrating/Modeling Procedures.  Does the teacher demonstrate/model skills or the use of knowledge?

	IV.6 Providing Practice.  Does the teacher provide tasks or questions for students to practice skills or use knowledge in a variety of situations? 

	

	Category V: Promoting Student Thinking about Mathematics

	V.1 Encouraging Students to Explain Their Reasoning.  Does the teacher routinely have each student express, clarify, justify, and represent his/her ideas and provide opportunities for feedback from peers and the teacher?

	V.2 Guiding Interpretation and Reasoning. Does the teacher provide tasks and/or question sequences that guide student interpretation and reasoning about mathematical concepts, skills, and relationships?

	V.3 Encouraging Students to Think about What They’ve Learned.  Does the teacher provide opportunities for students check their own progress?

	

	Category VI: Assessing Student Progress in Mathematics 

	VI.1 Aligning Assessment.  Does the teacher use assessment items or tasks that match the ideas, concepts, or skills of the learning goal?

	VI.2 Assessing through Applications.  Does the teacher provide assessment tasks that require application of mathematical ideas, concepts, or skills and avoid allowing students a trivial way out, like using a formula or repeating a memorized term or rule without understanding?

	VI.3 Using Embedded Assessment.  Are some assessments embedded in the lesson along the way, providing information to teachers for choosing or modifying activities?


Years 1-3 of instruction began a five-year longitudinal study of the same set of 50 teachers, in which their effectiveness is studied over three successive years of professional development and practice. The entering characteristics of the three successive student cohorts are being recorded over the three years, providing an estimate of the year-to-year variance in student population. Growth of student understanding is being assessed at two time points in their year in the class—the first an early pre-test and the last near the end of the school year. Where school policy allows, students in the first year can be assessed for retention at the beginning of each of the following two years (providing further points on the learning curves). These multiple time points will provide not just a summary of student learning, but estimators of the shape of the learning curve. 

Student understanding accumulates over time and also undergoes some predictable restructuring. Such knowledge restructuring will be evaluated through analysis of the assessment tasks to uncover patterns of student understanding such as progress along conceptual maps. Latent growth models using SEM and HLM will provide sufficiently sophisticated methodologies to encompass the effects of instruction (teacher variation and change), student knowledge structure (initial conditions), and student change in knowledge structure (amount and form). With approximately 10 teachers using each material and 200-300 students per year, statistical power will be adequate to detect small instructional effects. After two years, estimation of instructional effects will allow confirmatory analyses for Year 3. This methodology has not been commonly conducted in educational research, yet it is parallel to methods in science using prediction to support validity of effects.
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