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Abstract 
The session reports on findings about the influence of professional development of teachers on 
math achievement of middle school students.   Findings from an IES-sponsored experimental 
research project that analyzed effects of a three-component intervention to increase teachers' 
competence to teach math will be reported.  The session will present data and introduce a 
framework for content analysis of teacher development.  Participants will discuss findings in 
terms of the balance between content and process for teacher education about mathematics; 
issues of fidelity of implementation in studies based in urban schools; and implications for pre-
service and in-service teacher education. The following report is an overview of research based 
on  an intensive professional development intervention to increase middle school student math 
learning outcomes in Chicago public schools.   A more complete report on this research is 
available at http://teacher.depaul.edu/AlgebraConnections.html. 
 
 
Background and Need 
The design of this professional development initiative represents a balanced response to an 
issue that is particularly critical for middle school grades: multiple needs of middle school 
teachers to develop students’ math competence.  Research has identified three areas that are 
essential to competence math teachers for middle school students:  
1) increased teacher competence in mathematics; 2) increased effectiveness of instructional 
strategies; 3) increased application of formative evaluation principles (Hill; Swafford).  An 
analysis of the need for improved math learning by students has led to an emphasis on teacher 
professional development, including programs that range from sequences of math courses 
through workshops that emphasize teaching strategies.  Prior research indicates that both 
content knowledge and instructional competence are necessary.  This current IES-sponsored 
research examined a model that includes courses to develop content knowledge, on-site 
facilitation to develop teachers’ abilities in instruction and in formative evaluation, and scaffolds 
for students—guidesheets that organized student responses and provided a basis for teachers 
to identify student needs. 
 
 
Theoretical Framework 
The research is about an intervention that is based on the following premises.  (Sources for 
these components of the design are identified in the bibliography.) 
1.  Job-Embedded learning increases the application of what is learned. 
2.  Teacher learning increases student learning when it is transferred. 
3.  Writing by students provides a basis for formative evaluation. 
4.  Formative evaluation when practiced consistently and responsively increases student 
learning. 
5.  Writing is an effective method to increase learning of any subject, including math. 
6.  Responses to open-ended prompts about teaching by teachers indicates their current 
teaching priorities. 
7.  An on-site facilitator increases fidelity of implementation. 
8.  Teacher interaction through cohort in course and within schools increases learning by 
teachers. 
9.  Algebra develops thinking abilities that are essential not only to succeed in high school but to 
develop problem-solving abilities. 
10.  Teachers need increased knowledge of mathematics at the elementary level. 
11.  The teacher is the critical variable in student learning. 
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Setting 
The participants are two cohorts of teachers and students at Chicago public neighborhood 
schools that serve primarily African-American or Latino students from low-income families. 
Twenty-eight (28) Chicago Public School teachers and their students in grades 5-8 participated 
in a treatment through the project during its first two years.  Students of an additional 19 
teachers completed a limited treatment.  The average poverty level of the participating students 
is 93.97%, with a range of 80.1% to 99.8%, and a median poverty level of 98%. The teachers 
represent a diversity of teaching backgrounds, including a range of teaching years from 2-34, 
with a mean of 12.68 and a median of 10 years.   
 
 
Approach 
The initiative included three correlated components in the treatment: course work in algebraic 
thinking; course work on formative evaluation with classroom applications; site-based teacher 
coaching and facilitation.   The intervention was designed to influence teachers to develop 
students’ ability to think mathematically and to embed algebraic thinking in ongoing instruction. 
 
The content of the courses and on-site work correlate with NCTM standards for mathematics 
instruction.  The instructional model itself was based on Whitehead’s Rhythm of Learning in 
which learners start with “romance,” then develop greater “precision,” and then apply their 
learning in “generalization”.  That instructional sequence was followed in the teachers’ courses 
and in the guidance to them for their own work with students.  The romance stage emphasized 
allowing students to seek creative ways to solve problems strategically.  The precision stage 
emphasized providing models from algebraic thinking to expand students’ repertoires of 
strategies.  The generalization stage emphasized writing by students to clarify their learning.   
Standardized tests were incorporated in the initiative as one outcome, although teachers were 
urged to expand their focus to students’ thinking about problem solving rather than a test score 
outcome.  A model for analyzing the progress of students as problem-solvers was developed 
based on the work of Neuman and Schwarz (Marshall; Neuman).  Their work was applied in the 
development of a content analysis framework that will be presented during the session. 
 
 
Research Methods 
A stratified sample of teachers from Chicago public schools was included in the study.  The 
sample was stratified by school and by interest.  Twenty schools serving high poverty area 
communities were invited to participate.  The schools then were randomly assigned to a 
treatment group or a limited treatment group.  Teachers at grades 5 through 8 were invited to 
participate from each school.  Teachers who volunteered then were selected randomly to 
participate or to participate in a subsequent year implementation.  The Full Treatment group 
participated in a three-course sequence in algebraic thinking and one course in formative 
evaluation that continued throughout the one-school-year initiative.  They also received on-site 
coaching by a peer teacher working full-time to facilitate the project and guidesheets for 
students that scaffolded student response to math problems.  The guidesheets organized 
student problem-solving responses, requiring students to identify elements of the problem they 
were to solve and to explain in writing how they solved a problem The Limited Treatment group 
received those guidesheets and no additional support. The Full Treatment group received 
guidance on using the student responses to formatively evaluate and respond to student 
progress. 
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In addition to the treatment and limited treatment groups, a control group was identified that had 
no intervention.  The achievement test gains for students of teachers in all three groups were 
analyzed for significant differences.  The research emphasizes quantitative analysis to identify 
impact on student achievement of teacher participation in the initiative.  There were two cohorts, 
one during 2004-5, one during 2005-6. Standardized tests, the ITBS, were used to identify gains 
by students using a value added model for cohort 1 (2004-5).  Results of the Illinois state 
standards-based mathematics tests also were analyzed for cohort 2 because the Chicago public 
schools discontinued use of the ITBS in 2005-6. 
 
The project incorporates qualitative analysis of both teacher development and of student 
learning.  That qualitative analysis was completed through content analysis of teacher-written 
and student-written explanations of their learning.    Pre-testing post- testing was completed 
using a set of math problems for students from the NAEP.  Students completed surveys at the 
beginning and end of the treatment, including open-ended questions that required students to 
communicate their perceptions of the ways they best learned math.  Teachers responded to 
pre-treatment and end of initiative assessments of their perceptions of math priorities and 
effective instructional strategies.  Teacher work was collected to assess fidelity of 
implementation as well as to assess their learning progress in terms of embedding the principles 
presented through the treatment in their instruction and assessment.   
 
 
Implementation  
Urban school research faces obstacles to implementation and sustainability that affect all 
school-centered research projects but particularly those based in urban schools. Exogenous 
and endogenous variables that affect teaching and learning in urban schools also affect the 
fidelity of implementation of a treatment and the validity of research conducted in schools.  One 
uncontrollable variable is teacher retention, which affected the size of the samples.  For reasons 
including health problems, teacher transfers, and competing needs for priorities other than 
improving math teaching (such as family issues, school changes), there was attrition by 
teachers each year.  The fidelity of implementation also was affected by teacher ability, as some 
teachers had greater difficulty than others in learning the mathematics that was presented 
through the courses and therefore were not as able to transfer that mathematics knowledge to 
students1. 
 
 
Results 
Analysis of achievement data indicates that there are some significant effects at different grades 
for cohort 1 and for cohort 2, but not for all participating grades. The project established two 
measures relating to teacher performance: increase in competence, including knowledge of 
mathematics and problem-solving ability of the teachers; commitment, which included measures 
of fidelity of implementation—lesson planning, course attendance, course work, and 
assessments based on the course in assessment. The relationship between teacher 
commitment and student gains was identified as significant for some classrooms in that the 
treatment effect was greater in classrooms in which teachers more consistently implemented 
the intervention.  The relationship between teacher gain in competence was significant in some 
instances. 
 

                                                
1 A more extensive discussion of the obstacles to fidelity of implementation is provided in "Solving the 
Math Problem," a paper prepared for the Association of Teacher Educators 2007 Annual Conference, 
available at: http://teacher.depaul.edu/AlgebraConnections.html. 
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During spring 2007, the project will complete the analysis of teacher surveys about their ongoing 
implementation of strategies gained through the treatment.  The results of that analysis and the 
analysis of student achievement on the 2007 ISAT tests will provide a basis for assessing 
relatively long-term outcomes of the initiative.  
 
 
Recommendations 
The project has implications for the design of professional development initiatives in 
mathematics and on the development of mathematics competence in pre-service curricula.   
The need to improve mathematics learning by students requires a transfer of knowledge and 
abilities from teachers.  Vygotsky’s theory of proximal knowledge is particularly relevant to any 
professional development program.  There are limits on the transferability of the content of 
professional development: teacher knowledge; student knowledge.   If the classroom teacher 
has limited knowledge and abilities, the transfer will be minimal.  If the classroom teacher has 
the current knowledge base to proceed to more sophisticated math knowledge and abilities, the 
teacher may be able to transfer that knowledge to students more effectively.   The emphasis on 
formative evaluation by teachers is essential to that transfer, however, because the second limit, 
the knowledge of students and the identification of what is proximal to them, is essential to their 
development.  
 
The analysis of mathematical progress of students should not be limited to standardized tests 
because they do not measure some kinds of changes that are essential to math such as the 
ability to envision a problem and the thinking a student does to decide how to solve the problem.  
The project's development of a framework for the analysis of student- and teacher-written 
communication about math is a resource that can contribute to the continuing examination of 
progress that is not captured in standardized tests.  As NCLB increases the emphasis on the 
testing of math, it is essential for teacher educators to maintain a broader scope for the course 
work in math and math education than the kinds of skills that some standardized tests measure.    
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