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Organization of the 
Presentation

• What do we know about the need for 
professional development for 
mathematics teachers?

• What do we know about designing and 
implementing effective professional 
development?

• What do we know about going to scale 
with effective professional development?



Part I:

What do we know about the need 
for professional development for 

mathematics teachers?



Teacher Self-Report Data
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• While 92 percent of middle school 
mathematics teachers in 2000 indicated 
they were very well qualified to teach 
computation, only 51 percent 
considered themselves very well 
qualified to teach probability, and only 
20 percent to teach statistics.



• We also know that most teachers spend 
very little time on content-based 
professional development. 
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Classroom Observation Data



Nationally Representative 
Sample of 364 Lessons 

(K–12, Mathematics and Science)



What percent of 
mathematics lessons 

nationally are “high quality”?



Capsule Ratings:
K-12 Mathematics Lessons
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Relative Strengths
K-12 Mathematics Lessons
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Major Weaknesses
K-12 Mathematics Lessons
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Key Elements of High Quality 
Instruction

• Engage students with the mathematics content;
• Create an environment conducive to learning;
• Ensure access for all students; 
• Use questioning to monitor and promote 

understanding; and
• Help students make sense of the mathematics 

content.



Engaging Students With 
Mathematics Content



Mathematics Content
Is Significant and Worthwhile
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Students Are Intellectually Engaged with 
Important Ideas Relevant to the Focus of 

the Lesson 
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Many Lessons “Just Started”

• “Turn to page 178 in your book”

or

• “All right now, these pages should be very 
easy if you’ve been paying attention in 
class. We talked about all of this stuff.”

*



In Contrast:

In a lesson on fractions and as an introduction to 
percents, the teacher in a 7th grade mathematics 
class asked three students to come to the front of 
the class for a demonstration.  One student 
measured the height and arm spread of a second 
student, while the third student wrote the numbers 
on the board.  The students used these numbers to 
express the relationships both as a ratio and as a 
percent.



Creating an 
Environment 

Conducive to Learning



Climate of Respect for Students'
Ideas, Questions, and Contributions
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Intellectual Rigor, Constructive Criticism,
and Challenging of Ideas Are Evident
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Respectful and Rigorous

A student in a high school geometry class 
offered an answer that was slightly off-base 
and confusing to many others in the class.  
The teacher responded with, “Right idea, 
let’s clean it up a bit.” The class remained 
supportive as students offered suggestions 
for ways to clean the answer up, building on 
the first student’s answer rather than totally 
dismissing it. 



Respectful, but not rigorous

Other lessons could be categorized as 
respectful, but lacking in rigor.  
Observers used terms like “pleasant, 
but not challenging” to describe such 
lessons.

☼



Lacking in Respect

Some lessons were judged to be lacking in 
respect, in some cases even hostile and 
demeaning to students.

◊



“There was little concern for learning and 
even less respect for the students as 
individuals.  Students were criticized and 
told they were wrong, but only occasionally 
helped by the teacher.  Students who tried 
to contribute ideas ran a substantial risk of 
being told to stop: ‘Please let me be the 
teacher.’”



Questioning to Encourage 
Students to Think More 

Deeply



Teacher's Questioning Enhanced 
Development

of Student Understanding/Problem Solving
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The teacher asked for examples and justifications from the 
students as a means of assessing their understanding.  When 
generating examples of tessellations around the room, one 
student proposed the border of the bulletin board that was 
made of circles. 

Student:  ‘How about the border?’

Students:  ‘No… that won’t work.’ (several students talk at 
once and reject this contribution)

Teacher:  ‘Why won’t it work?  Can the circle ever work?’

The discussion became focused on why the circle did not 
create a pattern that fit the definition of a tessellation.  While 
the student who suggested the circle had been focusing more 
on patterns, the disagreement helped him redirect his 
analysis back to the definition of tessellations presented 
earlier.



In Contrast, 

The observer noted that the entire lesson 
consisted of a whirlwind of lower level, 
factual, and procedural questions. For 40 
minutes the teacher asked students in this 
5th grade class questions about:



• the metric system
• the meaning of base 10
• place value
• multiplication
• division
• fractions
• decimals
• mixed numbers
• improper fractions
• fraction names for 1
• equivalent fractions
• simplifying fractions
• divisibility rules for 2, 3, 5 

and 10

• writing numbers in base 5 
and 3

• place value in these two 
bases

• changing mixed numbers 
to improper fractions

• defining fractions as 
division

• pulling up real world 
occupations that use 
fractions

• comparing fractions using 
cross multiplication and 
common denominators

• changing a fraction to a 
decimal then to a percent



Sometimes teachers 
answer their own 

questions

Ө



Sometimes teachers answer their own 
questions:

Said the observer of a high school calculus 
lesson: “The teacher asked for a student’s 
input as to the next step toward the 
solution, but then disregarded the student’s 
suggestion (which was one correct way to 
proceed) and went with his own strategy, 
saying:  ‘Yes, we can do that.  But let’s….’
So the teacher solved the problem his way, 
even though he had asked for a student’s 
strategy.”



Inadequate attention 
to “sense-making”
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Lack of Attention to 
Sense-making:

An observer of a 6th grade class noted that the 
teacher did not seem to be trying to monitor if 
students understood what was going on in the 
lesson.  “Her focus throughout the large group 
discussion was on getting through the sequence of 
questions she had prepared.  The teacher did not 
seem tuned into whether the ‘big ideas’ made 
sense to the kids or not.  She seemed pleased that 
she had answers to her questions and they were 
the answers she was looking for.”



In Summary:

• Choice of instructional strategy doesn’t 
appear to be as important as some have 
suggested.

• The key appears to be first providing 
students an opportunity to engage with 
important mathematics concepts and then 
ensuring that they in fact make sense of 
these concepts.



• Clearly there is a need for more 
professional development to address 
teachers’ needs.

• But especially given the limited time likely 
to be available, PD needs to be both 
effective and efficient. 



Part II

What do we know about designing 
and implementing effective 
professional development?



Emerging Consensus

• Elmore (2002) summarized what he 
called an “emerging consensus” on 
quality PD, listing what many in the 
field believe to be the features of 
effective professional development:



Professional Development: The Consensus View 
(Elmore, 2002)

• Focuses on a well-articulated mission or purpose 
anchored in student learning of core disciplines and 
skills

• Derives from analysis of student learning of specific 
content in a specific setting

• Focuses on specific issues of curriculum and 
pedagogy

• Embodies a clearly articulated theory or model of 
adult learning

• Sustains focus over time—continuous improvement



• Develops, reinforces, and sustains group work

• Involves active participation of school leaders and 

staff

• Models effective practice

– Delivered in schools and classrooms

– Practice is consistent with message

• Uses assessment and evaluation

– Active monitoring of student learning

– Feedback on teacher learning and practice



There is very little empirical evidence on 
the features of effective professional 
development.

However…



What does the empirical evidence 
tell us about effective PD?

• A study of Eisenhower supported       
professional development (Garet et al., 
1999) provides support for a number of 
features of high quality PD highlighted by 
Elmore.



Features of High Quality PD

• Focuses on content knowledge;
• Emphasizes active learning;
• Promotes coherence;
• Provides a large amount of training 

sustained over time; and
• Encourages collaboration among 

teachers.



Effective PD

• Teachers who reported opportunities to learn 
about student mathematics curricula in PD 
reported more of the kind of classroom practice 
that the CA frameworks advocated.

• Student performance was related to teacher 
reports of curriculum-focused PD.
(Cohen and Hill, 2000)

• Similarly, Hill and Ball (2004) found that 
content-focused PD led to improvements in 
teacher content knowledge.



A Decade of Research on LSCs

• The Local Systemic Change Initiative (LSC), 
funded by NSF’s Division of Elementary, 
Secondary, and Informal Education, built on 
the lessons learned in  earlier NSF 
programs. 

• Results from the LSC provide additional 
empirical support for content-based, 
instructional materials focused, PD.



Local Systemic Change 
Initiative

• NSF funded the first cohort of LSC projects in 
1995.

• By 2002, there was a total of 88 projects.

• Projects represented a wide variety of contexts 
– rural, suburban, urban districts, with widely 
varying demographics.



Logic Model of LSC 
Professional Development

Quality PD Program

↓
Increased Teacher Knowledge/Skills

↓
Improved Classroom Practice

↓
Improved Student Performance
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LSC Guiding Principles

• Using well-prepared professional development 
providers whose backgrounds included in-depth 
content understanding and expertise in K-12 
mathematics/science education;

• Establishing a supportive and collegial 
professional development culture;

• Providing experiences that deepen teachers’
knowledge of the mathematics/science content in 
the curriculum and the pedagogy needed to teach 
this content;



• Providing support for teachers in content, 
pedagogy, and materials over the course of 
implementation; and

• Providing opportunities for teachers to explore 
and become conversant with exemplary 
instructional materials and the appropriate 
pedagogy for using these materials in their 
classrooms.



LSC Professional Development

• Targeted all teachers in a district/set of 
schools for professional development.

• LSCs were expected to provide each 
teacher with a minimum 130 hours of 
professional development, typically over 
a 5-year period.



Impact of LSC PD on 
Teachers and Teaching

• Impacts were evident with about 30 hours 
of LSC PD, typically increased until about 
80 hours PD, and then leveled off.



Composite: 
Use of Investigative Teaching Practices,

by Extent of Participation in LSC PD
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Use of Designated Instructional Materials,
by Extent of Participation in LSC PD
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In addition…

After factoring out the effect of 
professional development, teachers’
frequency of use of the designated 
instructional materials continued to 
increase over time.
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Lesson Quality is Associated with Adherence 
to District-Designated Materials
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Why were only 50 percent of 
PD/designated materials lessons 

highly rated?

• Based on observations, teachers often 
focused on the reform aspects of the 
materials, but the key mathematics 
content sometimes got lost.

• Teachers may not know the content, or 
they may not know how to use the 
student activities to help students learn 
the content.



The Challenge for PD

• PD needs to keep the focus on student 
learning goals, highlighting the concepts 
being addressed, how they are developed 
over time, difficulties students may 
encounter, and how to monitor student 
understanding.



Part III:

What do we know about 
going to scale with effective
professional development?



PD System Reflection Task

• Consider a district where you are familiar 
with the mathematics professional 
development offered to teachers.

• As individuals, complete the reflection 
form, rating your view of the importance 
of each of the listed attributes and the 
current status of that attribute in the 
district.



As a table, discuss what can be done 
about the attributes considered important 
but not yet achieved.



Handbook for Enhancing Strategic 
Leadership in the Math and Science 

Partnerships

Horizon Research, Inc.
Education Development Center, Inc.



Strategic Leadership:  
Key Components of Reform Work

1. Designing and implementing interventions
2. Garnering support from key stakeholders
3. Aligning policies
4. Scaling up interventions



Strategic Leadership:  
Key Components of Reform Work

• Each component is necessary, but no one of 
them is sufficient for strategic leadership.

• Each component interacts with the others, 
and should not be considered in isolation.



Strategic Leadership:  
Key Components of Reform Work

Designing Interventions

Scaling Up 
Interventions

Garnering 
Support from 

Key 
Stakeholders

Aligning 
Policy







Designing and Implementing 
Interventions

• Understand the priority needs in your 
context

• Select effective, promising interventions

• Pilot the interventions to provide 
“existence proofs”



There are inherent trade-offs
• If you use time/resources to help teachers 

apply what they are learning in PD to 
their practice, you can’t spend as much 
time on other PD goals (e.g, focusing on 
deepening teacher content knowledge).



Garnering Support from Key 
Stakeholders

• Determine who are the key stakeholders

• Build support for the reform vision as well 
as the direct interventions

• Leverage the support of influential 
stakeholders



Principal Support is Very Important

What we found, it was really a function of the 
principals as to whether [the reform effort] 
stayed as a priority for the five years.

We realized that if principals are not behind you, 
if they’re not supporting you, then you’re not 
going to get a lot of the teachers out.  If 
principals are not behind it, there’s little 
opportunity for change.

Advice from the LSCs:

Engage Principals early and often.



Principal Support is Very Important

• In the LSCs, teachers’ perceptions of 
principal support was a positive influence 
on teachers and teaching, beyond the 
effects of the PD.



Aligning Policies

• Identify the most influential policies and 
have a plan for dealing with them

• Leverage aligned policies to move forward

• Seek and create opportunities to align 
policies



Potentially Important Policies

• Curriculum
• In-service education
• Teacher evaluation
• Teacher recruitment/orientation
• Student assessments



Scaling Up Interventions

• Develop human resources for scaling up

• Develop infrastructure for scaling up

• Create a system for maintaining quality in 
scaling up



Developing Human Resources 

• In professional development systems, 
districts are challenged with having a 
large enough cadre of well-qualified 
leaders who can provide and support 
professional development.



• In the LSC projects, the turnover of 
teacher leaders was much higher than 
anticipated.
– Moved to other leadership roles/districts
– Overburdened with leadership responsibilities



Advice from the LSCs:
• Expect teacher reluctance to take on these roles
• Expect that there will not be as many teacher 

leaders as you need.

• Expect burn-out, mobility, and attrition.

Have a deliberate process for bringing new 
leaders into the fold.



• Those developing PD systems need to 
trade-off the amount of time it takes to 
prepare professional development 
providers vs. scaling up as quickly as 
possible.



• Many LSCs which used a teacher leader 
model underestimated the time and effort 
it takes to prepare teachers to be 
professional development providers.



Advice from the LSCs:
• Work with providers as long as possible 

before using them as PD providers
• Scaffold their development as providers
• Devote time specifically to leadership 

development



Develop infrastructure for scaling up

• An “infrastructure” refers to the structures 
and resources that can support or hinder 
a professional development system.



Develop infrastructure for scaling up

• When developing a professional 
development system, policies/structures 
are needed to scale-up interventions.
– Allocating resources (funds and time) for 

professional development
– Articulating lines of authority so sufficient 

leadership backs the PD System



Create a system for maintaining quality 
in scaling up

• Quality control is especially important 
when professional development is 
provided by multiple individuals



Coherence doesn’t happen 
by accident

• State/district policies need to send consistent 
messages aligned with the same vision as the 
PD.

• Need to look at articulation, K–12.

• Need to make sure principals share (and 
support) the same vision of effective 
mathematics teaching.



Coherence doesn’t happen 
by accident

• Need to help teachers understand the 
mathematics big ideas AND how the student 
activities relate to those ideas.

• Need to select/prepare/support PD facilitators to 
carry out content-based, curriculum focused PD.

• Having a shared mission (school-wide/district-
wide/state-wide) and getting a critical mass of 
teachers involved, seems to change the discourse, 
reinforcing and expanding the impact of the PD.



Coherence doesn’t happen 
by accident

• Professional development is easier when all of the 
teachers at a grade level (or in a course) are using 
the same instructional materials.

• Need to provide incentives for teachers to engage 
in long-term professional development aligned 
with their needs.

• Use of well-designed professional development 
materials can help provide consistency in quality 
of sessions, as long as the professional 
development providers understand both the 
mathematical and pedagogical “storylines” of the 
materials.



Teacher Education Materials ProjectTeacher Education Materials Project

An online database of reviews of 

materials for K-12 mathematics and 

science professional development 

providers

WWW.TEWWW.TE--MAT.ORGMAT.ORG

National Science Foundation   Grant 
#: ESI 9619139 



What’s In TE-MAT

Materials designed to support the work of K-
12 mathematics and science professional 
development providers

A conceptual framework that highlights key 
elements critical to professional 
development.



The TE-MAT Database

TE-MAT was initially funded as an 
NSF grant to Horizon Research.

NSTA and AMTE will be continuing 
the database in the future.



www.te-mat.org
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