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Background: US Educational System

• Decentralized education system
• Local control of schooling

• Each US state divided into a number of independent school districts
• Rural districts with less than 1,000 students
• Urban districts with 100,000 students or more
• State standards and assessments
• No Child Left Behind (NCLB)
• Common Core State Standards for Mathematics (CCSSM)

• Reorganization rather than mere extension or elaboration of current practices



Clarifying the Problem
•What does it take to support improvements in the quality of 

teaching (and thus student learning) on a large scale?

• Supporting the learning of groups of teachers
• Necessary, essential, critical
• But not sufficient

• Influence of teacher professional development on classroom 
practice is mediated by school and district contexts in which 
teachers work



MIST Project

• 2007-2011: 4 large urban districts – 360,000 students
• Analyses to inform revision of district instructional improvement strategies

• 2011-2015: 2 large urban districts – 180,000 students
• Co-designed and co-leaded PD for principals and coaches



Partner Districts

• Recruited districts that were:
• Aiming at rigorous learning goals for all students’ mathematical learning
• Attempting to improve the quality of instruction
• Implementing reasonably coherent sets of improvement strategies

• Pragmatic goal
• Add value to the districts’ instructional improvement efforts



Research Goal

• Develop an empirically grounded theory of action for instructional 
improvement in mathematics at scale
• A set of policies or strategies for supporting teachers’ (and others’) learning
• A rationale that explains why it is reasonable to expect that these strategies 

will be effective
(Argyris & Schön, 1974, 1978)



Initial Conjectures 
• Mathematics education, teacher education, educational 

policy and leadership
• Curriculum materials and associated resources
• Teacher professional development
• Teacher collaborative groups 

• School instructional leadership
• District leadership

• Test, revise, and elaborate initial conjectures
• Theory of action for large scale instructional improvement in 

mathematics



Participants 
• 6-10 schools - 30 middle-grades mathematics teachers in 

each district

• Mathematics coaches

• School leaders
• Principals, assistant principals

• District leaders
• Across central office units that have a stake in mathematics 

teaching and learning



Annual Cycles of Data Collection, 
Analysis, and Feedback

Jan. - MarchOctober

Feb. - MayMay



October: 
• Interviewed district leaders 

to document their current 
strategies for improving 
middle-school mathematics

Annual Cycles of Data Collection, 
Analysis, and Feedback

Jan. - March

Feb. - MayMay



January-March:
• Collected data to document 

how the districts’ strategies 
were actually playing out in 
schools and classrooms

Annual Cycles of Data Collection, 
Analysis, and Feedback

October

Feb. - MayMay



Jan – March: Collected data to document how the districts’ strategies were 
actually playing out in schools and classrooms 

October

Feb. - MayMay

• Audio-recorded interviews with the 200 participants
– The school and district settings in which the teachers and 

instructional leaders work 
• Sources of support
• To whom and for what they are held accountable



Jan – March: Collected data to document how the districts’ strategies were 
actually playing out in schools and classrooms 

October

Feb. - MayMay

• On-line surveys for teachers, coaches, and school leaders
• Video-recordings of two consecutive lessons in the 120 

participating teachers’ classrooms
– Coded using the Instructional Quality Assessment (IQA)

• Assessments of teachers’ and coaches’ Mathematical Knowledge 
for Teaching (MKT)

• Video-recordings of district professional development
• Audio/video-recordings of teacher collaborative time
• On-line assessment of teacher networks completed by all 300 

mathematics teachers in the participating schools
• Access to district student achievement data



Annual Cycles of Data Collection, 
Analysis, and Feedback

Jan - MarchOctober

May

Feb. – May:
• Analyzed transcripts of the 

200 interviews
• Identified and explained

differences between each 
district’s intended and 
implemented improvement 
strategies

• Developed a detailed report 
for leaders in each district

• Shared findings and made 
actionable 
recommendations



Jan. - MarchOctober

Feb. - May

Annual Cycles of Data Collection, 
Analysis, and Feedback

May:
• Met with district leaders to 

discuss our findings and 
recommendations
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Teacher Learning Subsystem: 
• Pull-out PD
• Teacher Collaboration
• Mathematics Coaching
• Teacher Networks

Curriculum 
+

Assessments

Supplemental
Supports for

Currently 
Struggling 
Students

Goals 
+

Vision

Coherent Instructional System





Resources

● Project papers, redacted feedback reports, interview protocols, surveys 
are all downloadable at:

http://vanderbi.lt/mist

http://vanderbi.lt/mist


Ambitious and equitable vision of 
mathematics instruction
• Aim to support all students to participate substantially in rigorous 

mathematical activity and to develop productive identities as 
mathematics learners



Ambitious and equitable vision of 
mathematics instruction
• Features of ambitious instruction (e.g., Lampert et al., 2010) 
• Pose cognitively – demanding tasks (non-routine, challenging)
• Maintain the challenge of the tasks students are engaged in 

solving
• Press and support students to elaborate their reasoning, to 

connect their ideas to one another, and to key mathematical ideas
• Small group discussions
• Whole-class discussions 



Teacher Learning Subsystem: 
• Pull-out PD
• Teacher Collaboration
• Mathematics Coaching
• Teacher Networks

Curriculum 
+

Assessments

Supplemental
Supports for

Currently 
Struggling 
Students

Goals 
+

Vision

Coherent Instructional System

What distinguishes teaching that 
supports a broader range of 
students to participate substantially 
in rigorous mathematical activity 
and develop productive identities? 



Ambitious and equitable vision of 
mathematics instruction

• Identify forms of practice that have the potential to support a broader 
range of students to participate substantially in rigorous mathematical 
activity
• Launching, or introducing, cognitively demanding tasks (Jackson et al., 2013)



Task of High Cognitive Demand (Stein et al.)

Two parking garages close to where Michael works charge the following rates for each month of 
parking:

Which parking garage should Michael choose? 

a) Show all of your mathematical work. 

b) Based on your work, make a recommendation to Michael. 

c) What information did you consider in making your decision? What additional information did you 
want (if any)?

Park-in-lot: 
Maintenance fee of $60.
$12 per day.

City Parking: 
No maintenance fee.  
$15 per day.

(Boston & Wilhelm, 2015)

Equity-specific form of 
practice:

Introducing tasks

Develop common language 
to describe:
• key contextual features of 

the task 
• key mathematical 

relationships



Ambitious and equitable vision of 
mathematics instruction
• Identify forms of practice that have the potential to support a broader 

range of students to participate substantially in rigorous mathematical 
activity
• Launching, or introducing, cognitively demanding tasks (Jackson et al., 2013)
• Analyzing regularities in forms of practice in which teachers maintain the rigor of 

complex tasks and African American students perform well (Wilson et al., under 
review)
• e.g., coaching students



Teacher Learning Subsystem: 
• Pull-out PD
• Teacher Collaboration
• Mathematics Coaching
• Teacher Networks

Curriculum 
+

Assessments

Supplemental
Supports for

Currently 
Struggling 
Students

Goals 
+

Vision

Coherent Instructional System

What forms of knowledge, 
perspectives, and practice are 
integral to an ambitious and 
equitable vision?



Ambitious and equitable vision of 
mathematics instruction
•Represents a set of learning goals for teachers
•Mathematical Knowledge for Teaching (Hill, Schilling, & 

Ball, 2004)
• sophisticated vision of high-quality mathematics teaching 

(Munter, 2014)
• skills in enacting specific forms of practice
• perspectives on who is capable of engaging in rigorous 

forms of activities



Teachers’ perspectives on their students’ current 
mathematical capabilities

How do teachers explain (or attribute) the source of student 
difficulty?

How do teachers describe the adjustments they make to support 
students perceived as facing difficulty?

(Jackson, Gibbons, & Sharpe, 2017)



Interviewer:  When your students don’t learn as expected, what do you find are typically 
the reasons?

• Teacher 1: “I normally look first at me to see or is there something in the 
lesson that I didn't emphasize well enough or…I may talk to the teacher 
they had last year and say ‘When you went over this was this something 
that they struggled with?’”

• Teacher 2:  “I don’t think that [African American students English learner 
students] have the background and the home support to help them along 
in their learning process, and you know, encourage them to do learning 
outside of school.” 

Related to 
instructional 

opptys

Deficit in child 
or community, 

Fixed traits

PRODUCTIVE

UNPRODUCTIVE

Explanations of the source of student difficulty



• Teacher 3: “I have been working on pre-teaching certain skills to some of 
the students so that they can work with others in the group on solving the 
task.”

• Teacher 4:  “These kids are used to be[ing] spoon-fed and they’ll sit there 
and say, ‘I don’t get it.’…[U]ntil you actually sit down and show them step 
[by] step how to do that problem, they don’t get it.  They don’t know how 
to think.”

Aimed at 
participating in 

cognitively 
demanding 

activity

Aimed at 
lowering the 

cognitive demand 
of the activity

Interviewer:  How do you address that challenge?  In what ways, if at all, do you find you need to 
adjust your instruction for different groups of students? 

PRODUCTIVE

UNPRODUCTIVE

Adjustments to instruction



Finding: Teachers’ Perspectives on Students’ 
Current Mathematical Capabilities

• Teachers’ attributions of students’ difficulties:
• Less that 20% attributed to limited instructional or schooling opportunities
• Almost 30% attributed solely to deficits of students, their families, or their 

communities

• Less than 20% described making productive adjustments to their 
instruction

(Jackson, Gibbons, & Sharpe, 2017)



Finding: Teachers’ Perspectives on Students’ 
Current Mathematical Capabilities

• Controlling for Mathematical Knowledge for Teaching and 
instructional vision, teachers with productive views of their 
students’ mathematical capabilities are more likely to:
• Maintain the cognitive demand of tasks 
• Conduct higher quality whole-class discussions in which students 

have opportunities to explain their reasoning 
• Influenced by the racial, ethnic, and linguistic composition of the classes they 

taught
(Wilhelm, 2014; Wilhelm, Munter, & Jackson, 2017) 



Finding: Teachers’ Perspectives on Students’ 
Current Mathematical Capabilities

• Teachers’ instruction unlikely to improve unless they have developed 
both relatively sophisticated visions and productive views of their 
students’ mathematical capabilities

(Dunlap, 2016)



Teacher Learning Subsystem: 
• Pull-out PD
• Teacher Collaboration
• Mathematics Coaching
• Teacher Networks

Curriculum 
+

Assessments

Supplemental
Supports for

Currently 
Struggling 
Students

Goals 
+

Vision

Coherent Instructional System

What additional forms of support might 
students need if they are to participate 
substantially in mathematical activity aimed at 
conceptual understanding? 



Stepping Back
• An ambitious and equitable vision of instruction has implications for 

other elements of a coherent instructional system.
• Supports for teacher learning
• Supports for students who are currently struggling 

• It also has implications for school leadership (e.g., school leaders’ 
expectations for teaching) and for system leadership (e.g., relations 
between units responsible for disadvantaged groups of students).



Instructional, School, and 
Educational System Leadership



Teacher Learning Subsystem: 
• Pull-out PD
• Teacher Collaboration
• Mathematics Coaching
• Teacher Networks

Curriculum 
+

Assessments

Supplemental
Supports for

Currently 
Struggling 
Students

Goals 
+

Vision

Content-Focused Coaching



Instructional Coaching

• Rationale: Coaches who have developed ambitious and equitable 
instructional practices can be more accomplished colleagues
• Co-participate with teachers in activities close to instructional practice

• One-on-one in teachers’ classroom
• Teacher collaborative meetings

• Challenges school norms of:
• Teacher autonomy
• Teacher equality



Identify Potentially Productive Coaching 
Activities
• Criteria
• Sustained over time
• Focuses on high-leverage aspects of instruction
• Foregrounds students’ thinking 
• Involves both investigating and enacting ambitious and equitable forms of 

practice

• Empirical evidence can support teachers’ development of ambitious 
and equitable instructional practices



Working One-on-One with Teachers in Their 
Classrooms
• Modeling instruction
• Support teachers in developing productive views of their students’ current 

mathematical capabilities
• Support teachers in developing a vision of specific instructional practices

• Co-teaching
• Support teachers’ initial implementation of specific instructional practices

• Observing instruction and providing feedback 
• Support teachers in improving their implementation of specific instructional 

practices



Working One-on-One with Teachers in Their 
Classrooms
• Coaching Cycle Pre-

conference 
(co-plan)

Classroom
collaborationDebrief



Working with Groups of Teachers

• Engaging teachers in mathematics
• Identify the big mathematical ideas
• Anticipate student solution strategies 

• Analyzing student work
• Assess students’ thinking and link to instruction

• Analyzing classroom video
• Assess instruction and link to student thinking

• Engaging in lesson study
• Analogous to one-on-one coaching cycle



Coaching Expertise

• Content-specific pedagogical expertise
• Ambitious and equitable instructional practices
• Relatively sophisticated mathematical knowledge for teaching
• Productive views of students’ current mathematical capabilities



Coaching Expertise

• Relationship-building skills
• Essential that teachers trust coaches to help them improve their 

instruction 
• Can be intimidating  for teachers to make their work public 
• Have to feel comfortable sharing their current problems of practices

• Negotiate improvement goals with teachers
• Improvement goals have to become personal goals for teachers
• Listen to and take teachers concerns seriously



Facilitation Skills

• Press and support teachers to explain their pedagogical 
reasoning while also maintaining trust
• Provide detailed descriptions and analyses of students’ thinking
• Relate that thinking to the instruction
• Consider how instruction might be improved to support students’ 

learning more effectively



Teacher Collaborative Meetings
• Productive teacher collaborative groups connect:
• Content learning goals
• Students’ thinking
• Instruction

• Requires expert facilitation
• Negotiate feasible goals for teachers’ learning 
• Select activities and materials in light of those goals

• Coaches should prioritize leading teachers’ collaborative meetings 
when the participating teachers do not have the expertise to take on 
this role



Teacher Advice Networks

• Interactions with colleagues with more sophisticated instructional 
practices supports the development of teachers’ own instructional 
practices
• The quality but not the amount of teacher collaborative time influences 

whether teachers seek advice from each other outside of meetings
• Those advice-seeking relationships tend to last



Teacher Learning Subsystem

• Coaches can play a key role in coordinating the various elements
• Might play a leadership role in pull-out PD sessions that focus on particular 

aspects of instruction
• Lead or participate in teacher collaborative meetings that focus on the same 

aspects of instruction
• Support the teachers in enacting those aspects of instruction in their 

classroom



Collaboration with School Leaders
• Coaches’ effectiveness in supporting teachers’ learning depends on 

the extent to which they collaborate with school leaders
• Development of trusting relationships with teachers
• Amount of time they actually work with teachers on instructional issues

• Principals who developed and implemented instructional 
improvement plans capable of supporting significant teacher learning
• Collaborated with an accomplished coachs



Supporting the Implementation of 
Instructional Improvement 

Strategies



Pragmatic and Research Goals

• Add value to partner districts’ improvement efforts
• Develop an empirically grounded theory of action for 

instructional improvement at scale
• Coherent set of potentially productive instructional 

improvement strategies



Influence of Findings and Recommendations

• Extent to which districts took up MIST recommendations
• Compared the recommendations we made to districts with their 

improvement strategies the subsequent year

• Why districts took up some recommendations but not others



Discuss implications 
of report with district 
leaders

Document 
district
improvement 
strategies

Document 
implementation
of improvement
strategies

Analyze data 
Write feedback and 
recommendations 
report



Sample Recommendation

• Finding
• Most school leaders had a limited understanding of what high 

quality mathematics instruction looks like
• Most school leaders were not collaborating with the mathematics 

coaches who served their school
• Recommendation
• School leaders and coaches participate together in mathematics-

specific PD



Findings: Uptake
• 162 separate recommendations
• Completely Taken Up: 45%
• All aspects of the recommendation included in the district improvement 

plan
• Partially Taken Up: 22%
• Some aspects of the recommendation included in the district 

improvement plan
• Not Taken Up: 33%
• The recommendation not included in the district improvement plan



Findings: Uptake

•Recommendations more likely to be taken up when:
• Aligned with current district priorities
• Built on ongoing mathematics initiatives 
• District leaders central to the partnership could authorize 

their implementation



Implementing Recommendations

• Extent to which districts implemented recommendations 
successfully
• Compared the recommendations that districts took up with the 

strategies as implemented later the same year

• Why districts implemented some recommendations but not 
others successfully



Discuss implications 
of report with district 
leaders

Document 
district
improvement 
strategies

Document 
implementation
of improvement
strategies

Analyze data 
Write feedback and 
recommendations 
report



Findings: Implementation
• 109 recommendations fully or partially taken up
• Successful implementation: 17%
• Fully implemented and positively impacted the district’s improvement 

effort
• Partially successful implementation: 27%
• Fully implemented or partially implemented and a moderately positive 

impact on the district’s improvement efforts
• Unsuccessful implementation: 56%
• Fully implemented or partially implemented, but no impact on the 

improvement efforts



Findings: Implementation
•More likely to be implemented successfully when:
• Under the purview of a senior district leader who was actively 

involved in the partnership 
• District personnel responsible for the implementation had the 

necessary expertise 
• Two-thirds of the successfully implemented recommendations were 

implemented by a district mathematics department 



Takeaways: Uptake
• Possible to design for uptake of research findings and 

recommendations
• Ensure that research plans fit with:
• Practitioners’ ongoing priorities and initiatives
• School and system contexts

• Involve practitioners in the work
• Value of genuine research practice partnerships (RPPs)



Takeaways: Implementation
• Identifying potentially productive improvement strategies is an 

important contribution
• But it is not sufficient

• Also essential to investigate how to implement specific 
improvement strategies reliably in a range of different school 
and system contexts 
• Research practice partnerships



Challenges Districts Face in Implementing Instructional 
Improvement Strategies

• Urgency to implement initiatives (e.g., coaching, teacher collaborative 
time) across the entire district, without first piloting and improving 
the strategy and its process of implementation

• Lack of routines and tools for providing ongoing, rapid feedback that 
could inform the improvement of the strategy and the 
implementation process in a timely manner

64



Practical Measures 

• Measures of improvement (Carnegie Foundation for the Advancement of 
Teaching)

• Provide practitioners with frequent, rapid feedback
• Minimally burdensome  (e.g., 3 minutes or less to administer)
• Easy to analyze

• Enable practitioners to assess and adjust their practices

• Conjecture: Can also serve as levers for improvement



Context
• 3 Research Practice Partnerships (RPPs) working to improve the 

quality of discourse in middle-grades mathematics



High Quality Mathematics Instruction

• Challenging, non-routine tasks

• Launch

• Individual or Small Group Work

• Whole Class Discussion
• Teachers press students to explain and justify their reasoning
• Teachers presses make connections between different solutions



Practical Measures of Mathematics 
Discussions
• Two practical measures of the quality of discussions:

• Developed in partnership with teachers, coaches, and district leaders

Small Group Discussions Whole Class Discussions



Development Process

Initial design
• Meetings with partners about their 

improvement focus
• Review existing research & survey 

items

Observe a range of 
classroom instruction

Cognitively interview 
students 

Formal qualitative 
analysis of interviews & 

survey responses

Revise survey items Administer surveys
Cycles

of
revision



Aspects of Productive Mathematics 
Discussions
• Selecting and implementing cognitively demanding tasks that engage 

students in mathematical reasoning
• Ex: What did you need to do to be successful in your math class today?

• Pressing and supporting students to explain their reasoning in ways that 
other students can understand
• Ex. Did you have trouble understanding your classmates’ thinking in today’s 

whole class discussion?
• …



Measures of Improvement
• What did you need to do in order to be successful in your math class 

today?

Listen to and make sense of other 
students’ reasoning
Solve problems using the steps the 
teacher showed me

Finish all of my work

Charts courtesy of edight.io
dashboard



Measures of Improvement
• Did you have trouble understanding your classmates’ thinking in 

today’s whole class discussion?

Yes

No

Charts courtesy of edight.io
dashboard



Potential Users

• Teachers:
• Identify aspects of instruction on which to work
• Track quality of math instruction over time

• Coaches:
• Identify aspects of instruction in need of improvement
• Negotiate instructional improvement goals with teachers
• Track quality of math instruction over time

• District math specialists:
• Track quality of math instruction over time

• Use to inform school and district improvement efforts



Practical Measures as Tools for 
Supporting Implementation of 
Department-Wide Professional 
Learning



Context

• A mathematics department that regularly engages in department-
wide professional development

• Different views on the usefulness and purpose of small group 
discussion during math lessons
• Some teachers have incorporated small group discussion into their 

practice

• Department-wide, collaborative professional development facilitated 
by a sophisticated coach



Department-Wide Professional Development

• The teachers and coach collaboratively plan a lesson

• One or more teachers (or an instructional coach) teaches the lesson 
while others observe
• In this case: the coach taught the lesson

• The teachers and coach then collaboratively analyze the lesson



Department-Wide Professional Development

Skilled coach teaches the 
lesson

Administer survey

Teach lesson

Identify goals for teacher learning / 
focus of joint observation

Co-plan instruction

Anticipate student responses to 
survey

Analyze survey data

Debrief lesson

Identify shared improvement 
goal(s)

• Before the PD session: “How much are students really learning [when 
they are discussing a problem in small groups]?”



Department-Wide Professional Development

• The teachers and coach analyzed students’ responses to the practical 
measures

• Teachers were particularly intrigued 
by this item:



Shared Improvement Goal

• All the teachers had their students work in groups in subsequent 
lessons

• Together, the teachers selected a more rigorous math task for an 
upcoming lesson
• Concluded that group work requires mathematical tasks that are worth 

discussing and solving together



Levers for Instructional Improvement

• Integrate practical measures into supports for teachers’ professional 
learning
• Using the whole class survey measure can support coaches in:
• Identifying initial instructional improvement goals for individual teachers
• Negotiating initial instructional improvement goals with teachers
• Analyzing instruction and negotiating next steps for improving instruction



Current Work

• Investigating the use of measures in different instructional improvement 
strategies
• One on one coaching
• Department-wide professional development
• District-wide curriculum guide writing initiative

• And in different school / district contexts
• Initial evidence that these measures can be used within schools and 

systems to support instructional improvement
• Starting to test conjectures regarding how aspects of teachers’ current 

practice and perspective shape their interpretation (and use) of data



• For more information, and to access the surveys, visit:
www.education.uw.edu/pmr2

http://www.education.uw.edu/pmr2

