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Indiana University of PA

 largest state-owned university in PA

 ~15,000 undergraduate and graduate 
students

 located in western PA, 70 miles east of 
Pittsburgh

Context of the work
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Mathematics Department

 28 tenure track faculty
 17 mathematicians

 5 statisticians

 6 mathematics educators 

Context of the work
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The students with whom Math Ed. Faculty work

 PreK-4/Special Education Majors

 Middle Level (4-8) Education Majors

 Secondary Mathematics Education Majors

 M.Ed. in Mathematics Education grad. students

Context of the work
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Context of the work
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The students who are the focus of this work

 Middle Level Mathematics Education Majors

 *mathematics methods course

 *student teaching supervision of those who 
specialize in mathematics



Goal of the work
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Engage pre-service middle level mathematics teachers 
in learning about and applying the following: 
The ‘best practices’ for teaching mathematics are a set 
of related practices that promote active engagement 
of students in problem solving.



 Focus on teaching mathematics content 
through problem solving

(Van de Walle, 2014)

The Methods Course
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 Content addressed (aligned with PA Core Standards for 
Mathematics at grades 4-8)
 Whole number operations –mult. and div.
 Rational numbers

 Fractions and fraction operations
 Decimals and percents
 Integers and integer operations

 Proportional reasoning 
 Algebraic reasoning
 Geometry and measurement
 Probability and statistics

The Methods Course
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 Specific, research-based teaching 
practices essential for a high-quality 
mathematics education for all 
students combined with core 
principles to build a successful 
mathematics program at all 
levels. (NCTM, 2014)

 Includes: eight research-based essential 
Mathematics Teaching Practices

From Principles to Actions
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1) Establish Mathematics Goals to Focus Learning

2) Implement Tasks That Promote Reasoning and Problem 
Solving

3) Use and Connect Mathematical Representations

4) Facilitate Meaningful Mathematical Discourse

5) Pose Purposeful Questions

6) Build Procedural Fluency from Conceptual Understanding

7) Support Productive Struggle in Learning Mathematics

8) Elicit and Use Evidence of Student Thinking

The Mathematics Teaching Practices
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 Implement Tasks That Promote Reasoning 
and Problem Solving

 Establish Mathematics Goals to Focus 
Learning

 Pose Purposeful Questions

 Facilitate Meaningful Mathematical 
Discourse

The Teaching Practices chosen for this work
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1.  Select ‘problem-based’ tasks that allow students to 
reason and problem solve.

2. Set goals for implementing the task

3. Implement the task through posing purposeful 
questions

4. Implement the task by facilitating meaningful 
mathematical discourse

From Teaching Practices to a Framework
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 What are problem-based tasks?
 What does problem solving look like and sound 

like?
 Selecting tasks problem-based tasks

1.  Select problem-based tasks
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 What are problem-based tasks?
 Solve and discuss the “Algebraic Expressions Task” and 

the “Counting Cubes Task*.” 
 Discuss the similarities and differences between the 

“Algebraic Expressions Task” and the “Counting Cubes 
Task*”.

 Discuss opportunities to learn mathematics by 
engaging in each task.

 Generate a list of characteristics of ‘problem-based 
tasks’

*Principles to Actions Toolkit

1.  Select problem-based tasks
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1. Describe a pattern you see in the cube buildings.
2. Use your pattern to write an expression for the number of cubes in 
the nth building.
3. Use your expression to find the number of cubes in the 5th 
building.  Check your results by constructing the 5th building and 
counting the cubes.
4. Look for a different pattern in the buildings.  Describe the pattern 

and use it to write a different expression for the number of cubes in 
the nth building.  

Adapted from “Counting Cubes”, Lappan, Fey, Fitzgerald, Friel, & Phillips (2004). 
Connected MathematicsTM, Say it with symbols:  Algebraic reasoning [Teacher’s Edition].  
Glenview, IL: Pearson Prentice Hall.   © Michigan State University

Algebraic Expressions Task
The number of cubes for each step 
of a particular pattern can be 
represented by the expression       
"3n + 2".
• How many cubes would be in the 

first step?
• How many cubes would be in the 

25th step?
• Which step of the pattern 

contains 92 cubes?



Characteristics of Problem-Based Tasks
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 Solution is not known in advance
 Have multiple entry points
 Require cognitive effort of all students
 Require justifications and explanations for answers and 

methods 
 Encourage use of multiple approaches and strategies
 Encourage multiple representations
 Require a discussion of mathematics

(Principles to Actions, 2014) and (Van de Walle, et. al, 2014)



 What is problem solving? What does 
problem solving ‘look’ and ‘sound’ like?
 Watch the video, “The Case of Peter Dubno,*”from 

the Principles to Actions Toolkit.

 Discuss student actions and teacher actions that 
show or promote problem solving using evidence 
from the video and/or transcript*.

*Principles to Actions Toolkit

1.  Select problem-based tasks
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1.  Select problem-based tasks
Select a problem-based task for a fraction lesson and for 
the Problem-Based Tasks Project.
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Topic Resources Rubrics

• Introduction to lesson 
planning (my way) 

• Select a fraction task 
and plan part 1 of a 
lesson

• Problem-Based Task 
Project

• Planning a 
Playground task and 
lesson

• “Thinking Through a 
Lesson,” MTMS 
article

• Van de Walle, et. al , 
Chapter 3

• Selecting and Setting Up 
the Task rubric

• Problem-Based Task 
rubric
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Lesson Plan Rubric 1 – Selecting and Setting Up the Task



 What are goals? What is the difference between 
goals and objectives?

 Examine goals of “Counting Cubes” lesson

 Discuss difference between goals and objectives.

 Examine goals of “Planning a Playground.”

 Write mathematical goals for fraction lesson (see 
Lesson Plan 1 rubric)

2.  Setting goals for implementing the task
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 Goals of “Counting Cubes” lesson

Expressions can be used to model linear relationships that occur in real-
world or mathematical contexts. The term(s) in an expression can be 
related directly to the situation that is being modeled. 

 Goals of “Planning a Playground.”

Equivalent fractions can be used to make parts of fractions the same 
size. Addition and subtraction of fractions is the same as joining and 
separating parts of fractions with the same whole.

2.  Setting goals for implementing the task
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Lesson Plan Rubric 1 – Selecting and Setting Up the Task



 Review the Teaching Channel Video, “A Passion for 
Fractions” at www.teachingchannel.org.

 In the transcript, highlight the questions asked by teacher.  
Characterize the questions.

 Read and discuss “Questioning Our Pattern of 
Questioning” - MTMS Article

 Read and discuss the “Coin Circulation Task” case from 
Principles to Actions.

 Discuss opportunities to learn mathematics in each 
classroom.

3. Implementing the task through posing purposeful 
questions:
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3. Implementing the task through posing purposeful 
questions:
Plan and teach a lesson designed around a problem-based 
task with a focus on teacher questioning
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Topic Resources Rubrics

• Select a geometry 
task and plan parts 1 
and 2 of a lesson. 
Focus on including 
high level or 
‘focusing’ questions.

• Teach the lesson to 
classmates.

• Principles to Actions
• “Thinking Through a 

Lesson,” MTMS 
article

• “Questioning our 
Pattern of 
Questioning” article

• “Planning a 
Playground” Lesson 
Plan

• Supporting Students’ 
Learning of Mathematics 
rubric

• Questioning rubric



Lesson Plan Rubric 2 – Supporting Student’s Learning 
of Mathematics 
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Questioning Rubric
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1. Gathering information
2. Probing thinking
3. Making the 

mathematics visible
4. Encouraging reflection 

and justification



 Solve the “Candy Jar Task” from Principles to Actions 
Toolkit. 

 Read “The Case of Mr. Donnelly” from Principles to Actions 
Toolkit.

 Discuss Mr. Donnelly’s actions in implementing the task.
 Read and discuss “Orchestrating Discussions” from 

MTMS.
 Discuss the “Facilitating Discussion” rubric.

4. Implementing the task through facilitating 
discourse
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4. Implementing the task through facilitating discussion
Plan and teach a lesson designed around a problem-based 
task with a focus on discussing the mathematics
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Topic Resources Rubrics

• Select a task and plan 
parts 1, 2, and 3 of a 
lesson. Focus on 
including “Facilitating 
Discourse.”

• Teach the lesson to 
classmates.

• Principles to Actions
• “Orchestrating 

Discussion,” MTMS 
article

• Summarizing and 
Assessing Understanding 
rubric

• Facilitating Discourse
rubric
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Lesson Plan Rubric 3– Summarizing and Assessing 
Understanding
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Facilitating Discourse Rubric



 7 weeks in mathematics gr. 6-8

 supervised by Math Ed. Faculty

 7 weeks in gr. 4-5, any subject
 supervised by College of Ed. faculty OR adjunct faculty

The Student Teaching Experience

M. L. Metz Indiana University of PA NCTM 2016

34



1. Set goals for implementing the task

2. Select ‘problem-based’ tasks that allow students to 
reason and problem solve.

3. Implement the task through posing purposeful 
questions.

4. Implement the task through facilitating meaningful 
mathematical discourse.

The Student Teaching Experience
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1. Set goals for implementing a mathematics task

 Lesson plan rubric

 Conference

 Reflection

The Student Teaching Experience
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2. Select ‘problem-based’ tasks that allow students to 
reason and problem solve.

 Lesson plan rubric

 Problem based task rubric

 Conference

 Reflection

The Student Teaching Experience
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3. Implement the task through posing purposeful 
questions

The Student Teaching Experience
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 Lesson plan rubric
 Observation
 Script questions asked
 Chart of whom questions are asked

 Questioning Rubric
 Conference
 Reflection



3. Implement the task through facilitating meaningful 
mathematical discourse:

The Student Teaching Experience
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 Lesson plan rubric
 Observation
 Script questions asked
 Chart of whom questions are asked

 Facilitating discourse rubric
 Conference
 Reflection



 State testing in Pennsylvania

 Tied to teacher evaluations

 2-3 weeks of lost instructional time for testing and  
“test prep” (depending on the school district)

Challenges to implementing the framework
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 Cooperating teacher/School district
 Teacher beliefs

o “Our kids can’t do that kind of thing.”
o “Kids in ‘that class’ can’t do that kind of thing.”

 Time 
o “It takes too long to do those problems.”
o Some schools have classes of 40 minutes for mathematics, 

others have classes of 80 minutes.

 Curriculum –
o “It’s not in our curriculum.”
o “It’s not on the state test.”

Challenges to implementing the framework
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 Disconnect with College of Ed. Requirements

 Rigor of lesson planning requirements

 Rigor of student teaching requirements

 WHEN the student teacher receives the math 
placement

Challenges to implementing the framework
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 Time in the methods class for students to teach a 
lesson

Challenges to implementing the framework
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 “Flipping” the methods class to allow more time for 
teaching the lesson

 More emphasis on setting goals

 More emphasis on facilitating discussion

 Revise lesson plan format

Planned revisions to the work
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