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Agenda

 Cognitive Demand Defined

 Teaching Conceptually using the Thinking
Through a Lesson Protocol

 Addressing Student Misconceptions

 The Role of Questioning
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Outcomes

 Engage in a 4th grade additional lesson and a textbook
lesson as a learner.

 Use the Task Analysis Guide to evaluate the lessons
based on their cognitive demand.

 Consider how our Mathematics Instructional Guide
addresses balance.
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A Balanced Program

Skills Problem 
Solving

Conceptual
Understanding
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“Not all tasks are created equal, and
different tasks will provoke different levels
and kinds of student thinking.”

Stein, Smith, Hennington, & Silver; Implementing Standards-Based Mathematics Instruction: A Casebook for Professional Development; 2000
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PAINT THE BUILDING
 On Monday, a painter had to paint a building that was shaped like a

cube. When she read the label on the can of paint, she realized one can
of paint would cover one face of the building. She had to paint all four
sides and the roof of the building.

 On Tuesday, she had to paint the building next door.  It was the size of
two of the first buildings put together.

 On Wednesday, she had to paint the third building on the block.  It was
the size of three of the cubic buildings put together.

 On Thursday, she had to paint yet another building that was, of course,
like four of the cubic buildings put together.
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PAINT THE BUILDING
Your Job:
 Figure out how many gallons of paint she would need for

each day, Monday through Thursday.

 On a T-chart, continue this pattern up to a building 10 cubic
units long.

 Create a formula to help you figure out how many gallons of
paint it would take to paint a building 23 cubic units long.
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Questions

 How does this lesson help the learner
develop understanding around the
standard?

 What did you notice about my role as I
facilitated the lesson?
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Rationale

By analyzing two tasks that are
mathematically similar…, we can
begin to differentiate between tasks
that require thinking and reasoning
and those that require the
application of previously learned
rules and procedures.
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The Mathematical Task Analysis Guide
Higher-Level Demands

Procedures With Connections Tasks
• Focus students’ attention on the use of procedures for the purpose of

developing deeper levels of understanding of mathematical concepts and
ideas.

• Suggest pathways to follow (explicitly or implicitly) that are broad general
procedures that have close connections to underlying conceptual ideas as
opposed to narrow algorithms that are opaque with respect to underlying
concepts.

• Usually are represented in multiple ways (e.g., visual diagrams,
manipulatives, symbols, problem situations).  Making connections among
multiple representations helps to develop meaning.

• Require some degree of cognitive effort.  Although general procedures may
be followed, they cannot be followed mindlessly.  Students need to engage
with the conceptual ideas that underlie the procedures in order to
successfully complete the task and develop understanding.

Doing Mathematics Tasks
• Requires complex and non-algorithmic thinking (i.e., there is not a

predictable, well-rehearsed approach or pathway explicitly suggested by the
task, task instructions, or a worked-out example).

• Requires students to explore and to understand the nature of mathematical
concepts, processes, or relationships.

• Demands self-monitoring or self-regulation of one’s own cognitive processes.
• Requires students to access relevant knowledge and experiences and make

appropriate use of them in working through the task.
• Requires students to analyze the task and actively examine task constraints

that may limit possible solution strategies and solutions.
• Requires considerable cognitive effort and may involve some level of anxiety

for the student due to the unpredictable nature of the solution process
required.

Lower-Level Demands
Memorization Tasks

• Involves either producing previously learned facts, rules, formulae,
or definitions OR committing facts, rules, formulae, or definitions to
memory.

• Cannot be solved using procedures because a procedure does not
exist or because the time frame in which the task is being completed
is too short to use a procedure.

• Are not ambiguous – such tasks involve exact reproduction of
previously seen material and what is to be reproduced is clearly and
directly stated.

• Have no connection to the concepts or meaning that underlie the
facts, rules, formulae, or definitions being learned or reproduced.

Procedures Without Connections Tasks
• Are algorithmic.  Use of the procedure is either specifically called for

or its use is evident based on prior instruction, experience, or
placement of the task.

• Require limited cognitive demand for successful completion.  There
is little ambiguity about what needs to be done and how to do it.

• Have no connection to the concepts or meaning that underlie the
procedure being used.

• Are focused on producing correct answers rather than developing
mathematical understanding.

• Require no explanations, or explanations that focus solely on
describing the procedure that was used.

Stein and Smith, 1998 LEARNING RESEARCH AND DEVELOPMENT CENTER © University of Pittsburgh
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A Balanced Program

Skills Problem 
Solving

Conceptual
Understanding
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Reflection

What new understandings do you
now have as a result of your
engagement with the Task Analysis
Guide?
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Thinking Through a Lesson Protocol:
Considering  and Addressing Student
Misconceptions and Errors

Los Angeles Unified School District
Elementary Mathematics
Fourth Grade
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Overview of Activities
• Examine the Thinking Through a Lesson Protocol

(TTLP)

• Engage in Fourth Grade Lesson considering
components of the TTLP that the facilitator
demonstrates

• Debrief the lesson with the TTLP as a frame for
discussion

• Anticipate student misconceptions

• Review concept lesson and consider how student
misconceptions are addressed
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Thinking Through a Lesson Protocol

 Examine the Thinking Through a Lesson Protocol
 What similarities does it have to previous lesson planning

tools you have used?
 What differences does it have from previous lesson planning

tools you have used?

 As you engage in the fourth grade concept lesson, think
about components of the TTLP that the facilitator
demonstrates and/or considers as s/he engages you in
the lesson.
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The Cookie Containers Task

Cookie Containers

Mrs. Baker’s Cookies is making their cookies bigger.

Each container holds 8 cookies.

1. If they make 264 cookies in one day, how many containers will they
need every day?  Explain how you know.

2. Now suppose they make the cookies even bigger and only 5 cookies
will fit in each container.  Describe how you could find how many
containers they will need every day.
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Thinking Through a Lesson Protocol

 Examine the TTLP and identify those
components that you saw evident in the
facilitator’s demonstration of the concept lesson.

 How did the facilitator’s use of these
components enhance the lesson for the learner?
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Connecting to the Big Idea, Concepts and Skills for Quarter 2

Fourth Grade Quarterly Concept Organizer

Data can be collected, classified, displayed,
and analyzed.

•Add, subtract, multiply, and divide whole
numbers.
•Show relationships between operations.
•Solve problems involving addition, subtraction,
multiplication, and division.
•Estimate reasonableness.
•Evaluate and use expressions with parentheses.

•Create survey questions and collect data.
•Identify mode, median, and outliers.
•Interpret and share data.

Number Relationships and Algebraic Reasoning
Arithmetic and algebra are guided by properties

of operations and equivalence.

Commutative, associative,
and distributive properties

are inherent in the
algorithms for operations of

rational numbers.

Data Analysis
Data can be interpreted from organized

visual representations.

One of the
concepts of

algebraic
reasoning is

balance.

•Show that equals added or
multiplied by equals are
equal.
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Rationale

…the depth of students’ misunderstandings or the nature of
their misconceptions become obvious only when they were
asked to explain their thinking…

Wagner & Parker, 1993

…unless students are asked to explain their thinking, a teacher
may not know which concepts the students understand.

Manouchehri & Lapp, 2003
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About Misconceptions

Misconceptions can be defined as "systematic but incorrect rules for
accounting for errors in performance."

Errorful rules, then, cannot be avoided in instruction.  In fact, they are
best regarded as useful diagnostic tools for instructors, who can often
use children’s systematic errors to detect the nature of children’s
understanding of  a mathematics topic.

Resnick, Nesher, Leonard, Magone, Omansone & Peled, 1989
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Anticipating Errors and Misconceptions

Review the Fourth Grade task.

• What misconceptions or errors might
surface as students work on the task?
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Scaffolding Student Learning

Appropriate teacher scaffolding of student thinking
consists of assisting student thinking by asking
thought-provoking questions that preserve the task
complexity.

        Stein, M., Smith, P., Henningsen, M., & Silver, E., Implementing Standards-Based Mathematics
        Instruction: A Casebook for Professional Development. Teachers College Press, 2000.
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Questioning: A Tool for Addressing
Errors and Misconceptions

Read the concept lesson for Quarter 2, Grade 4.

• As you read, mark places within the lesson where student
misconceptions are addressed.

• Once you are finished, discuss how the ways in which
student misconceptions are addressed scaffolds and/or
supports the learning for the students.

• Choose a recorder and a reporter and be prepared to share
at least two ideas from your discussion.
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Questioning: A Tool for Addressing
Errors and Misconceptions

• At your table, discuss any additional misconceptions
and errors that should be addressed.

• Design some questions that you might ask to
address these misconceptions.
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The Role of Student Misconceptions and
Questioning

 Why is it important to think about the
misconceptions or errors that are likely to surface as
students work on a task?

 What role does questioning play in this process?
What are the benefits for the student?

 How can teachers begin to anticipate the difficulties
students are likely to have with a particular task?
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Thinking Through a Lesson Protocol:
Content into Practice

 What kinds of planning does this require of
teachers?

 With regular use, what pieces of the TTLP
could become an integrated part of your
practice?



Classroom Discourse and Asking Questions

Los Angeles Unified School District

Elementary Mathematics
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Overview of Activities

Identify questions that promote critical
thinking and mathematical reasoning

Reflect on our work for the day

OH #2



A Question to Consider

In thinking about your practice, what
percentage of the things that you say

are questions?

OH #3



Asking Questions

What percentage of the things that
teachers say are questions?

A. 35%

B. 10%

C. 60%

OH #4

Sullivan and Lilburn, Good Questions for Math Teaching, 2002



Open-Ended Questions

“Require students to think more deeply

and to give a response that involves more than

recalling a fact or reproducing a skill.”
~Sullivan and Lilburn, Good Questions for Math Teaching, 2002

 Review Asking Questions from the renewed MIG
in the Appendix, page 20.

OH # 5 



LAUSD Mathematics Instructional Guide –
Appendix, Page 20

Asking Questions

For students to have deeper mathematical understanding, the process of asking questions reveals what they truly understand about
procedures and problem solving in mathematics. By asking open-ended, thought-provoking questions, teachers:

• engage and guide students’ thinking to deeper levels;
• gain insight into what students understand and the depth of that understanding;
• engage and guide the class in deeper mathematical thinking about the concepts; and
• place greater emphasis on mathematical thinking and reasoning.

Because these questions cannot be answered effectively with single-word responses, students should be asked to formulate more elaborate
responses to promote learning. Some strategies for maintaining a low-stress, low-anxiety environment in the classroom in order to facilitate
learning through open-ended questioning are:

• anticipating the questions students will likely ask;
• organizing students in ways that allow them to interact more freely with one another;
• using wait time to allow students more time to process the questions and develop multiple responses; and
• honoring all responses and remaining neutral in order to allow students opportunities to validate each others’ responses.

References:
Chapin, S., O’Connor, C., & Anderson, N. C. (2003). Classroom discussions: Using math talk to help students learn, Grades 1-6. Sausalito,

CA: Math Solutions Publications.

LAUSD Grades 4 and 5 Intervention Kits.

Manouchehri, A. and Lapp, D. A. (2003) Unveiling student understanding: The role of questioning in instruction. Mathematics Teacher.
96(8), 562 – 566.

Sullivan, P. and Lilburn, P. (2002). Good questions for math teaching: Why we ask them and what to ask [K-6]. Sausalito, CA: Math Solutions 
Publications.
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Categorizing Questions

Decide, with a partner, whether your assigned
question

 Focuses student thinking

 Assesses student thinking or

 Advances student thinking

Go to the corner where others have your same type
of question

Discuss how you came to your decision
OH # 7



The Role Questions Play

How do these kinds of
questions enrich the

mathematical dialogue in the
classroom?

OH # 8
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New-to-Grade-Level Concept Lesson
Professional Development
“Algebra and Functions”

Los Angeles Unified School District
Elementary Mathematics



2OH #

Outcomes

 Understand how to help students develop
concepts of functional relationships

 Engage in the lesson as learners to better
understand the implementation of the
Quarter 3 Concept Lesson

 Understand how the solutions selected and
ordered in the Share, Discuss, and Analyze
phase help develop a mathematically-rich
discussion
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Content Outcomes

 Learn how to help students understand that multiple
representations can be used to represent functional
relationships

 Understand how to determine the rigor of a task
 Understand how rigorous tasks can make

connections between several Big Ideas, Concepts,
and Skills
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Warm-Up Activity:
“Guess My Rule”

 Find either an ordered pair or equation on
your table
Example of an Ordered Pair: (2, 3)

Example of an Equation: y = 2x + 3

 If you are an ordered pair line up on one side
of the room. If you are an equation, line up
on the other.
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Warm-Up Activity:
“Guess My Rule”

 If you have an equation, find a matching
ordered pair. If you have an ordered pair,
find a matching equation.

 Introduce yourself. Share how you know
that you match.

Example:
2x + 12 = y would match (2, 16)
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Debriefing the Activity

 What were some strategies that you
used to find your match?

 What do you have to know and be able
to do in order to participate in an
activity such as this?

 How would an activity like this address
the needs of our diverse learners?
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Reading: “Function Concepts and
Representations” Part 1

 Read Exploring Functions from Van de
Walle, pages 436-440
(Stop at “Developing Function Concepts in the Classroom”)

 Choose one of the three contexts from
your card

 Develop a skit, visual, or demonstration
that communicates your context through
the lens of your assigned representation

 Be prepared to share with the whole
group



8OH #

Guiding Questions

 Consider the following questions as you
develop your presentations:
 How does this representation illustrate

functional relationships?
 What is important to remember when

representing functions with this model?
 What connections can you make between

this model and other models?
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Reading: “Function Concepts and
Representations” Part 2a

 Read “Developing Function Concepts
in the Classroom” from van de Walle,
pages 440-441

 Discuss at your tables responses to
the questions on handout # 2
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Reading: “Function Concepts and
Representations” Part 2b

 Under which circumstances would one of
these representations be more appropriate
than another?

 What questions will you ask to address
students who do not see a particular
representation, considering the diverse
learners in our classrooms (ELs, SELs,
GATE, and students with disabilities)?

 What questions will you ask to make
connections between each representation?
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Activity:
“Piles of Tiles”

Pile 1 Pile 2 Pile 3 Pile 4?

?

Look at the piles of tiles below. Draw or use your tiles to
show how you would build the next pile.

Adapted from Lessons for
Algebraic Thinking, Grades 3-5,
pages 197-221 by Wickett,
Kharas, and Burns
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A Balanced Program

Skills Problem 
Solving

Conceptual
Understanding
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Identifying Rigor

 Consider the “Piles of Tiles” task.

 Circle bulleted statements from the
Task Analysis Guide that describe
characteristics of this task.



Doing Mathematics Tasks
•Requires complex and non-
algorithmic thinking (i.e., there is
not a predictable, well-rehearsed
approach or pathway explicitly
suggested by the task, task
instructions, or a worked-out
example).
•Requires students to explore and
to understand the nature of
mathematical concepts, processes,
or relationships.
•Demands self-monitoring or self-
regulation of one’s own cognitive
processes.
•Requires students to access
relevant knowledge and
experiences and make appropriate
use of them in working through the
task.
•Requires students to analyze the
task and actively examine task
constraints that may limit possible
solution strategies and solutions.
•Requires considerable cognitive
effort and may involve some level
of anxiety for the student due to
the unpredictable nature of the
solution process required.

Procedures With
Connections Tasks
•Focus students’ attention on the
use of procedures for the purpose
of developing deeper levels of
understanding of mathematical
concepts and ideas.
•Suggest pathways to follow
(explicitly or implicitly) that are
broad general procedures that
have close connections to
underlying conceptual ideas as
opposed to narrow algorithms that
are opaque with respect to
underlying concepts.
•Usually are represented in multiple
ways (e.g., visual diagrams,
manipulatives, symbols, problem
situations).  Making connections
among multiple representations
helps to develop meaning.
•Require some degree of cognitive
effort.  Although general
procedures may be followed, they
cannot be followed mindlessly.
Students need to engage with the
conceptual ideas that underlie the
procedures in order to successfully
complete the task and develop
understanding.

Procedures Without
Connections Tasks
•Are algorithmic.  Use of
the procedure is either
specifically called for or
its use is evident based
on prior instruction,
experience, or placement
of the task.
•Require limited cognitive
demand for successful
completion.  There is
little ambiguity about
what needs to be done
and how to do it.
•Have no connection to
the concepts or meaning
that underlie the
procedure being used.
•Are focused on
producing correct
answers rather than
developing mathematical
understanding.
•Require no explanations,
or explanations that
focus solely on
describing the procedure
that was used.

Memorization Tasks
•Involves either
producing previously
learned facts, rules,
formulae, or definitions
OR committing facts,
rules, formulae, or
definitions to memory.
•Cannot be solved using
procedures because a
procedure does not
exist or because the
time frame in which the
task is being completed
is too short to use a
procedure.
•Are not ambiguous –
such tasks involve exact
reproduction of
previously seen material
and what is to be
reproduced is clearly
and directly stated.
•Have no connection to
the concepts or
meaning that underlie
the facts, rules,
formulae, or definitions
being learned or
reproduced.

Higher Level Cognitive DemandsLower-Level Cognitive Demands

Identifying Rigor: Task Analysis Guide

© University of Pittsburgh OH # 14
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Rigor in Tasks

 Based on what we’ve circled here,
how might you characterize the
rigor of this task?

 How might tasks such as these
address the needs of diverse
learners (Els, SELs, GATE, and
students with disabilities)?
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Rigor in Tasks

 When might you use tasks such as
these in your classroom?

 What might make it problematic for you
to use tasks such as these? What might
be some possible solutions?
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Concept Lesson Professional Development
Questions Types and Facilitating Discussion during the
Share, Discuss and Analyze Phase

Los Angeles Unified School District
Elementary Mathematics

1
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Outcomes
 Experience the Quarter 3 Concept Lesson as a

Learner

 Select and Order Student Work that We Might Use
to Generate a Mathematically-Rich Discussion

 Consider how the Concept Lessons address the
needs of our Diverse Learners

2
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Thinking Through a Lesson Protocol

 Take a minute to review the Thinking
Through a Lesson Protocol

 As you engage in the concept lesson, think
about components of the TTLP that the
facilitator demonstrates and/or considers as
s/he engages you in the lesson.

3
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Quarter 3 Concept Lesson Standards
AF 1.5: Understand that an equation such 
 as y = 3x + 5 is a prescription for 

determining a second number when
a first number is given.

MG 2.1: Draw the points corresponding to 
 linear relationships on graph paper

(e.g., draw 10 points on the graph
of the equation y = 3x and connect
them by using a straight line).

4
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Quarter 3 Concept Lesson Standards
AF 1.2: Use a letter to represent an 
 unknown number; write and 

evaluate simple algebraic 
expressions in one variable by
substitution.

AF 1.5: Solve problems involving linear 
 functions with integer values; write

the equation; graph the resulting 
ordered pairs of integers on a grid.

4
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Thinking Through a Lesson Protocol

 Revisit the TTLP and identify those
components that you saw evident in the
facilitator’s demonstration of the
concept lesson.

 How did the facilitator’s use of these
components enhance the lesson for the
learner?

5
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Connecting to the Big Idea, Concepts and Skills for Quarter 3

Fourth Grade Quarterly Concept Organizer

•Use variables.
•Use and interpret formulas.
•Understand the functional
relationship within equations such
as y = 3x.

Algebraic Reasoning
Problem situations can be represented as algebraic expressions and

equations, as variables, and as charts and graphs.

Algebraic expressions are
used to represent problem

situations.

Functions can be
expressed with words,
symbols, tables, and

graphs.

•Use coordinate grids.
•Graph ordered pairs and
lines.
•Find the distance between
two points on a coordinate
grid.

6
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Connecting to the Big Idea, Concepts and Skills for Quarter 3

Fifth Grade Quarterly Concept Organizer

•Write and evaluate simple algebraic expressions
using one variable.
•Use the distributive property in equations and
expressions with variables.
•Identify and graph ordered pairs in the four
quadrants.
•Graph ordered pairs of integers on a grid based
on a linear equation.

Algebraic Reasoning
Equations, expressions, and variables are mathematical models

used to represent real situations.

Linear relationships are presented in
multiple ways.

6
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“In addition to the important role teacher questions play
in shaping the nature of classroom environments and
the mathematical terrain that is traversed, they also

teach students to ask important questions of their own
work. Our data shows that when teachers ask more

conceptual questions, students start to ask conceptual
questions themselves.”

-- J. Boaler & K. Broadie from “The Importance, Nature and Impact of
   Teacher Questions.”  (2004)

7

Rationale for Explore Phase
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A key challenge mathematics teachers face in
enacting current reforms is to orchestrate

discussions that use students’ responses to
instructional tasks in ways that advance the

mathematical learning of the whole class.

Stein, Engle, Hughes, & Smith, 2006

8

Stein, M. K., Engle, R. A., Hughes, E. K., & Smith, M. S. (2006) Orchestrating productive mathematical
discussions: Helping teachers to learn to better incorporate student thinking.

Rationale for Share, Discuss, and Analyze
Phase
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Share, Discuss, and Analyze:
Ordering and Analyzing Solutions
 Decide which student

samples you would
choose to share.

 Decide in which order
you would share them
and why.

 Share the choices that
each partner group made
at your tables.

Then…
 Record the rationale for

your choices and your
order.

 Design questions that
you could ask to connect
solutions and/or develop
understanding of the
concept.

 Think about how to
summarize the key
mathematical concepts.

9
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Share, Discuss, and Analyze
 What key mathematical ideas do you want the

students to understand as a result of this lesson?
 How will these solutions and the order in which you

share them help you facilitate a discussion to get at
the key mathematical ideas?

 What questions could you ask to help students
connect solutions?

 How will you have the students summarize the
mathematical ideas of the lesson?

10
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What similarities and
differences were there in
the ways that solutions

were ordered?

Share, Discuss, and Analyze:
Ordering Solutions

11
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Addressing Diverse Learners

What instructional strategies are
embedded in the concept lessons and
how are the needs of diverse learners
(ELs, SELs, GATE students and students
with disabilities) addressed?

12
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Concept Lesson

Standard(s)

Mathematical Task

Set Up Explore

Consider all possible
solutions

Focus, Assess
and Advance

Student
Exploration

Build on prior
knowledge

Set context for task

Address
Misconceptions

through
Questioning

Select Student
Work for Sharing OH # 25

Consider Mathematical
Goals

Share, Discuss and Analyze

Share Student Work in an
Order that Builds

Conceptual Understanding

Orchestrate Discussion
through Questioning and

Talk Moves

Summarize Key
Mathematical Ideas; Make

a Link to Algorithm or
FormulaOH # 13
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