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Questions

1. What is the relationship between the depth and quality of teachers' mathematical knowledge and students’ mathematics achievement?

2. What is known about programs that help teachers develop the necessary mathematical knowledge for teaching?  Which of these programs have been shown to impact instructional practice and student achievement? 

3. What models exist for elementary math specialists and their preparation? What evidence exists for the effectiveness of elementary math specialist teachers with respect to student achievement?  

4. What types of recruitment and retention strategies are used to attract and retain highly effective teachers of mathematics?  How effective are they?

Question #1:
What is the relationship between teachers' mathematical knowledge and students’

mathematics achievement?
Why this is an important question for the Panel

· Research and anecdotal evidence that U.S. teachers’ levels of mathematical preparation and knowledge are often too low

· Policy trends to increase mathematics requirements for students

· Critical areas in which students are more likely to have teachers of mathematics who do not have mathematics background needed for teaching

Minority students and students living in poverty

Out of Field Teachers: Percentage of public high school students taught selected subjects by teachers without certification or a major in the field they teach, by minority concentration and school poverty: 1999-2000 (Data from the Condition of Education 2003)

· In Mathematics

· Low-minority = 7%

· High-minority = 15%

· Low-poverty = 7%

· High-poverty = 14%

· In English

· Low-minority = 5%

· High-minority = 10%

· Low-poverty = 4%

· High-poverty = 12%

· In Science

· Low-minority = 5%

· High-minority = 10%

· Low-poverty = 5%

· High-poverty = 16%

· In Social Studies

· Low-minority = 6%

· High-minority = 9%

· Low-poverty = 5%

· High-poverty = 8%

Middle and high school students

Out of Field Teachers: Percentage of public school students in middle and high school grades taught by teachers without a major or certification in the field they teach, by subject area: 1999-2000 (Data from the Condition of Education 2003)

· In English

· Middle school = 19%

· High school = 7%

· In Foreign language

· Middle school = 19%

· High school = 15%

· In Mathematics

· Middle school = 23%

· High school = 10%

· In Science

· Middle school = 17%

· High school = 7%

· In Social Studies

· Middle school = 15%

· High school = 7%

· Arts and music

· Middle school = 5%

· High school = 5%

· Physical education

· Middle school = 3%

· High school = 5%

What we need to know

· How does the teachers’ mathematical knowledge relate to students’ learning?

· How much mathematics do teachers need to know to be effective?

· What mathematics do they need to know, and in what ways?

What is the relationship between teachers' mathematical knowledge and students’ mathematics achievement?
1. How to measure “teachers’ mathematical knowledge”?

2. What is meant by “students’ mathematics achievement”?

Measures of teachers’ mathematical knowledge

1. Certification 

2. Mathematics study (degrees, coursework)

3. Direct measures (tests)

Measures of students’ mathematics achievement

1. Longitudinal data on students’ performance, using “pretest controls”

· Longitudinal growth models

· Gain scores

· Covariate adjustment models

2. Students’ opportunities to learn as a function of curriculum and instructional practice, and students’ resulting growth

Overall findings: Teacher certification

· Effect of teacher certification in mathematics on students’ achievement

· Issues

· An inexact measure of what teachers actually know

· May have problems of selection bias

· Different kinds of “certification” difficult to sort out in the studies

Overall findings: Teacher certification

· Effect remains somewhat ambiguous

· Some studies (4) show a positive effect of teachers’ certification; others (4) show no effect

· Complications in studies, inexactness of certification as a measure of teachers’ knowledge

· Still an important policy question, will be looking more closely at:

· Specific certification requirements

· Studies that compare teachers with different kinds of certification

Overall findings: Teachers’ mathematics study

· Teachers’ college-level mathematics study

· Issues:

· Not a direct measure of what teachers actually know

· May not correspond to the math that teachers teach

· May have problems of selection bias
· Forgetting (time lapse)

 Teachers’ mathematics study

· More consistent than certification studies

· Of 9 studies that met our criteria, 7 show a positive impact; 1 showed no impact, 1 showed negative impact

· Most focus on secondary school students; no evidence for elementary

· Lacking detail about what course content

Overall findings: Teachers’ test scores and other more direct measures 
· Test scores

Issues

· Closer estimates of what teachers actually know

· May lack validation

· Few studies

Teachers’ test scores and other more direct measures

· 8 studies, 5 that met our standards

· Two show positive effects, significant

· One shows positive effects, not significant

· Two found ambiguous results

· Support impact of teachers’ mathematics knowledge on student achievement

What does the evidence so far support?

· “Knowing” mathematics is likely a significant factor in teaching effectively

· College-level study may predict effectiveness for secondary school, not clear for elementary

What do we not know yet?

· Detail about what teachers need to know 

· How teachers’ knowledge of mathematics affects the quality of students’ learning

· How much coursework makes a difference at different levels of schooling

What is needed to inform policy better?

· Investments in more proximal and reliable measures of teachers’ mathematical knowledge

· Better analyses of the mathematical demands of teaching used to drive better measurement

· Better study designs allowing stronger causal inferences (controlling for selection bias, isolating variables, tracing impacts on instruction)

Next steps for work on Q#1

· Detail about certification requirements

· Data on teacher qualifications teaching middle school

· Studies comparing different forms of certification

· Improving our consolidation of the effects across studies
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