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L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s

Math Lesson Emphases

Jeff Zwiers

Math Lesson Emphases
Desired levels
of emphasis in
classrooms

Typical levels of
emphasis in
classrooms

Reasoning

Reasoning

Key Dimensions of Reasoning
DIMENSION

SAMPLE PROMPTS

Instructional Design Tool for Developing Math Language
Reasoning

SAMPLE STUDENT RESPONSES

Procedures & Plans
with Justification

What is your plan (next step) for
solving this problem, and why?

I think we should… because...
I decided to start by... Because...

Claims, Conjectures,
& Generalizations
with Justification

In looking at this pattern, can you
come up with a claim for how math
works?

I think when you multiply two fractions, the
answer will always be smaller because…
You can never divide by zero because...

Critiques with
Justification

After reading (or listening) to this
person’s reasoning, what is right,
wrong, or unclear, and why?

I don’t think you can say it’s ’always true’
based on trying it with just those numbers. It
could be another number you didn’t try.

Representations with How would you clearly show others
Justification
your thinking for solving this
problem. Come up with at least two
different representations.

I put them into a graph in order to show how
the answer is where the two lines cross. I
drew the pencils in different groups to help
me times them up.

REASONING Emphasis: Procedures & Plans;
Claims, Conjectures & Generalizations; Critiques;
Representations--ALL w/ Justification
(+ Assessment)

CONTENT & SKILLS to be learned
(and how they will be assessed):

LANGUAGE
M ODE(s) to
em phasize:

ACTIVITY

- Listen
- Speak
- Class Discussion
- Converse
- Write/Draw
LANGUAGE DEVELOPM ENT FEATURES
Useful & engaging
purpose
Understanding Language

L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s

Information
gaps

CLASSROOM
CULTURE:
- I belong
- I share thinking
- I listen to learn
- I focus & persevere
- I can learn & improve
- I solve, explain, argue
- OK to take time, struggle,
start over
- I Learn from
mistakes
Attention to language in
service of communication
Jeff Zwiers
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DIMENSION 1: Consider Content, Skills, & Practices to be Learned
(& How they will be assessed)

Choose an Activity(s)

Consider the
first three
dimensions,
your students’
needs, and
curriculum
resources…
“A lesson is an opportunity to advance students’ widely varying understandings,
practices, language, and skills further than they had the day before.”
Understanding Language

L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s

Jeff Zwiers

Understanding Language

DIMENSION 2: Choose a Reasoning Emphasis

L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s

Jeff Zwiers

3. Choose a Language
Mode or
DIMENSION
3:2 to Emphasize:
Choose a Language Mode(s) to Emphasize

• Procedures & Plans w/ Just.
• Claims, Conjectures &
Generalizations w/ Just.
• Critiques w/ Just.
• Representations w/ Just.

Use your observations of classroom interactions, analyses of student
work, and analyses of the assessments to choose one or two of these.
Understanding Language

L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s
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http://preview.hom elife.com .au/gardening /galleries/earim il+garden+,18193

Strengthen Language Development Features

DIMENSION 4: Strengthen Essential Elements of Classroom Culture

____ Is there a useful & engaging purpose? Students use
language to do/build/change something beyond just answering
questions for praise or points. Clarity matters.

- I belong
- I share thinking
- I listen to learn
- I focus & persevere
- I can learn & improve
- I solve, explain, argue
- OK to take time, struggle,
start over
- I Learn from mistakes
Understanding Language

L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s

____ Are there information gaps? Students get or give
information that they want, need, or don’t have.
(interdependence)
____ Is there attention to language in service of
communication? There is extra work (modeling, practicing,
giving feedback, scaffolds) on language used.
Jeff Zwiers
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L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s
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Instructional Design Tool for Developing Math Language

LANGUAGE
M ODE(s) to
em phasize:

Understand & describe
Represent when & how
how to divide fractions;
(FA: observe; “why/because
(FA: observe, quiz)
ACTIVITY
Speak > 1 sentence
I listen to learn
+ Draw concept of
Gallery
division of fractions
Walk
(FA: record & self-a

- Listen
- Speak
- Class Discussion
- Converse
- Write/Draw

Assessment of Oral Output (Teacher, Peer, Self)
Language for
showing these:
“W hat we need to
find is ____, which we
can represent by x.”

REASONING Emphasis: Procedures & Plans;
Claims, Conjectures & Generalizations; Critiques;
Representations--ALL w/ Justification
(+ Formative Assessment)

CONTENT & SKILLS to be learned
(and how they will be assessed):

M ore engaging purpose; Different
problem s; M ore modeling
LANGUAGE DEVELOPM ENT FEATURES
Useful & engaging
purpose

Information
gaps

“I think we
should…because it
says that…”

CLASSROOM
CULTURE:
- I belong
- I share thinking
- I listen to learn
- I focus & persevere
- I can learn & improve
- I solve, explain, argue
- OK to take time, struggle,
start over
- I Learn from
mistakes

“
“
“
“
“

Attention to language in
service of communication

Designing “Stronger & Clearer Each Time” Activities
Developing Oral Output
with

“STRONGER Y CLEARER
EACH TIME” Activity:

1. Prompt for an original response
2. Successive partners: borrow and use the
language, ideas, and evidence each time.
3. Responses become stronger (often longer) with
better supporting reasoning.
4. Responses become clearer with more precise
terms and linked, organized, complete
sentences.
5. Scaffolds are reduced during the activity.

Stronger-Clearer Grid

“Stronger & Clearer Each Time” Grid (Math)
I think to draw it. Then cut
up to ounces of each thing.

Take one or
two-word
notes and
switch
partners!

Silvia

I think we gotta find like how
much ounces for a dollar it is.
Like one dollar you get, I don’t
know.

“Stronger & Clearer Each Time” Grid (Math)
I think to draw it. Then cut
up to ounces of each thing.
I wanna find how much a dollar
can get, like of ounces. So 1
dollar is like 1 over 1.50, two
thirds. So I take 2/3 of it?

1 st
Partner

Darla decides to buy a sports drink. Her choices are a
20-ounce bottle for $1.49 or a 32-ounce bottle for
$2.49. W hich is the better value? Explain.

Take notes &
switch partners!
Rem em ber to say
“because” to
justify your steps

Silvia

I think we gotta find like how
much ounces for a dollar it is.
Like one dollar you get, I don’t
Iknow.
kinda did that, but I did for
one ounce, its cost. I did 1.49
over 20. I think it’s like 70
cents. And 32 over, no, 2.49
over 32. I didn’t finish it.

2 nd
Partner

Darla decides to buy a sports drink. Her choices are a
20-ounce bottle for $1.49 or a 32-ounce bottle for
$2.49. W hich is the better value? Explain.
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Looking at Student Work (Before & After Grid Partners)

“Stronger & Clearer Each Time” Grid (Math)
I think to draw it. Then cut
up to ounces of each thing.

I wanna find how much a dollar
can get, like of ounces. So 1
dollar is like 1 over 1.50, two
thirds. So I take 2/3 of it?

I think we gotta find like how
much ounces for a dollar it is.
Like one dollar you get, I don’t
I kinda did that, but I did for
know.
one ounce, its cost. I did 1.49
over 20. I think it’s like 70
cents. And 32 over, no, 2.49
over 32. I didn’t finish it.

First I thought to find how much
ounces for a dollar. But then Alan gave
3rd
me the idea to find each ounce, it
Partner
costs. So I just do cost over the ounces. Silvia
Darla
So like 1.49, divide 20 into it; Alan
saiddecides to buy a sports drink. Her choices are a
20-ounce bottle for $1.49 or a 32-ounce bottle for
70 but I think its like 7.
$2.49. W hich is the better value? Explain.

Practically Speaking: Interaction Mini-Lines

“Stronger & Clearer Each Time” Grid

Name
Me

It
takes
Lisa,
by herself,
10estimate,
hours
plant
trees
onaanhalf
acre
of land. It
Describe
how
you canstrike
as Six
accurately
as
possible,
You
see
lightening
a to
tree.
and
seconds
takesmany
Liz 15 hours,
by herself.
long would
it take
if they
work
how
toothpicks
you How
can make
from
80-ft
tallfrom
tree, &
later, you
hear&the
thunder.
How idea.
far
is athe
tree
together?
Explain
justify
your
solution
diameter of 2 ft.
you? (Model)
(just two or three key words, if any)

1.
2.
3.

Me
(Teacher can have listeners ask clarifying and supporting questions)

Opportunities for Stronger-Clearer?

Strengthen Language Development Features
____ Is there a useful & engaging purpose? Students use
language to do/build/change something beyond just answering
questions for praise or points. Clarity matters.
____ Are there information gaps? Students get or give
information that they want, need, or don’t have.
(interdependence)
____ Is there attention to language in service of
communication? There is extra work (modeling, practicing,
giving feedback, scaffolds) on language used.
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Fortifying Oral Output with the Features
Purpose? (yes)

“assess” means
to understand
the correct
ideas and/or
mis-conceptions
and clearly
describe them
to the student,
with the goal of
helping him/her
learn.

feedback
feedback

feedback
feedback

INFO GAP?
Give a different sample
response to each student in
the group of 3, each of
whom prepares feedback,
and presents to the group,
which offers advice.
Another student takes
notes to present it to the
class.

Constructive Conversation
Skills, Icons, & Motions

Attention to Language?
M odel how to provide
feedback “I noticed that
you decided to use
area…You need to
remember that…”

1. Foster Conversational Mindsets

Conversations Develop Language

I will try to:
• Help my partner to understand
& think more deeply about this
concept or problem.
• Allow my partner to help me
understand and think more deeply about this
concept or problem.
• Work with my partner, not against, even if we
disagree at times.
• Be open to learning new ideas and having my ideas
change.

INPUT: Every other turn, a learner is pushed to
understand the partner’s talk. Language is reinforced as
it is used multiple times.
OUTPUT: Every other turn, output pushes a learner to try
new ways of constructing and clarifying messages,
putting ideas into words and sentences that others can
understand (Swain, ).
MINI-CHALLENGES: Each turn presents a “minichallenge” for both partners to overcome, usually at
each person’s ZPD. (Zwiers, et al., 2016)

2. Model Math Conversation Skills

Conversation Samples

Goal: Students collaboratively (but w/o teacher) build an idea
(e.g., claim, answer, solution, interpretation), using the following skills:
•
•
•
•
•

Pose Idea

Define
Elaborate
Paraphrase
Negotiate
Use model

Listening-Speaking

Evaluate &
Com pare
(Argue)

Laura:
Eli:
Laura:
Eli:

On this graph I think he shouldn’t spend
more than 50 dollars.
I think it should be 100.
Why?
I don’t know, but just wait and he’ll tell us.

Mansur:
Lynn:
Mansur:
Lynn:
Mansur:

I think there are different ways to solve it.
So? Just do what the teacher did.
But why did she use the formula?
Who cares? Just use it and it’ll work.
3a
9ab
OK.

Build Idea(s)
Clarify
Idea
Listening-Speaking

Listening-Speaking

Listening-Speaking

Support Idea

Justify with
reasoning based on
math principles &
given information

3c - 6

÷c

2

- 4
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Assessing Reasoning in Conversations

Assess These Conversations
Laura:
Eli:
Laura:
Eli:
Asha:
Juan:
Asha:
Juan:
Lisa:

I think its’ like a cone.
I disagree cuz it’s got branches.
I respectfully disagree with you.
Then we just agree to disagree, right?
I think there are different ways to solve it.
So? Just do what the book example did.
But why do you divide by this?
3a
Who cares? Just do it; it’ll work.
3c - 6
OK.

9ab

÷c

2

- 4

Conversation Sample - Math
A:
B:
A:
B:
A:
B:
A:
B:
A:
B:
A:
B:

What do we need to find?
How far the boat goes down the river.
So, how?
Maybe figure out the time to
cross it, like straight, like this (a).
I think we should just add the speeds together.
OK, I guess. So that’s 5 plus 3 equals 8. Then what?
We need to use the other number, 30. So divide?
Why not. OK, so 30 divided by 8 is 3.75.
3.75 what?
Meters, I think, but that doesn’t look right.
No, so what do we do?
I don’t know.

Math Paired
Conversation
Protocol
Suppose
it takes the
Almond River 6 months
to fill a reservoir, by
itself, and it takes Belfair River 12 months to fill it, on its own. If
both are flowing into the reservoir, how long will it take to fill it?

Fostering Conversations in Math with

• Math Paired Conversation Protocol
• Observation Cards
• Co-create a Problem

Sample Based on the Paired Protocol
A:
B:
A:
B:
A:
B:
A:
B:
A:
B:
A:
B:

What do we gotta find?
How long they take to fill the reserve.
I say less than 6.
Why?
The Almond takes 6 months itself.
So with extra water from this other one, less time, right?
Maybe. So, I think we draw it for one way to solve.
So like two rivers into a tank?
Yeah, and it fills up. After 3 months it’s half full from
Almond, right? But Belfair only fills up like, what?
3 out of 12 is, a… quarter of it full.
So, a quarter’s not full. So let’s just guess it. Like I say/
/We can’t do that. I think there’s a right answer.
OK, let’s try the other way, like a graph or a table.
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Math Paired Conversation Protocol
The grade 8 class is going to the planetarium. There is a budget of $100 for the outing and the
The grade 8 class is going to the planetarium. There is a budget of $100 for the outing and the
planetarium can accom m odate 100 people. The adm ission price is as follows: Adults = $10,
planetarium can accom m odate 100 people. The adm ission price is as follows: Adults = $10,
Chaperones = $2.50, Students = $0.50. W hat is the optimal number of teachers, chaperones
Chaperones = $2.50, Students = $0.50. W hat is the optimal number of teachers, chaperones
and students that will be going if all 100 seats are to be filled and all the $100 is to be spent?
and students that will be going if all 100 seats are to be filled and all the $100 is to be spent?

Math Conversation Observation Cards
Ask for a
mathematical
reason to support
the idea

Paraphrase what
your partner said

Ask your partner
to clarify
(Why…How…)

Show that you are
listening with your
eyes, nods, posture

Pose an alternative
idea and start to
build it up

Stay focused on
the conversation
prompt/purpose

Encourage your
partner to talk more

Co-Create a Math Problem

Summarize the
conversation up
until now

Opportunities & Supports for Conversation?

1. Tell the class that they will be teachers, in a
sense, and create math problems similar to
the problems they just worked on.
2. Encourage them to create problems that are
slightly more challenging than the problems
they just worked on.
3. In pairs, students collaborate to create one or
more problems that are clear to readers.
4. Each pair then solves its own problem & keeps solutions secret.
5. Each pair trades its problem for the problem of another pair, and solves it together.
6. Now as a group of four, they argue/agree on the solution method(s) that they will
present for both problems.
7. Each group of four meets with another group of four to present the two problems.

M odel this?

…and to model and scaffold the
language students need to clearly
describe their ideas to others.

Instructional Design Tool for Developing Math Language
REASONING Emphasis: Procedures & Plans;
Claims, Conjectures & Generalizations; Critiques;
Representations--ALL w/ Justification
(+ Assessment)

CONTENT & SKILLS to be learned
(and how they will be assessed):

LANGUAGE
M ODE(s) to
em phasize:

ACTIVITY

- Listen
- Speak
- Class Discussion
- Converse
- Write/Draw
LANGUAGE DEVELOPM ENT FEATURES
Useful & engaging
purpose
Understanding Language

L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s

Information
gaps

CLASSROOM
CULTURE:
- I belong
- I share thinking
- I listen to learn
- I focus & persevere
- I can learn & improve
- I solve, explain, argue
- OK to take time, struggle,
start over
- I Learn from
mistakes

Information Gap Activities

Attention to language in
service of communication
Jeff Zwiers
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Info-Gap Cards
I need to know the area to be What specific information
Can you tell me the size of
painted. To figure out the area, do you need?
the room and the height of
need the length and height of each
the walls?
wall. Then I will multiply them and
add each area for the total area.

Info Gap Cards - Procedure
Why do you need to know
those measurements?

1. READ: A (Situation card) and B (Data card)
read their cards. A summarizes situation to
B. B paraphrases back to A, for agreement.
2. QUESTION 1: A asks B for specific
information.
3. QUESTION 2: Before answering, B must
ask for justification: “Why do you need that
information?” (even if B knows why, already)
4. JUSTIFICATIONS: A explains how he or she will
use the information. B decides if the justification
is solid enough to give the data to A.
5. SOLVE: A solves problem aloud, explaining
process, while B asks Why? And helps, if needed.

Info Gap Activities
Info Gap Cards Sample Conversation

Info Gap Activities: Card Matching

ACTIVITY FOR SUPPORTING IDEAS:
ARGUMENT SCALE

ACTIVITY FOR SUPPORTING IDEAS:
ARGUMENT SCALE

Fortify this one

A: Do you know how fast the shuttle is orbiting?
B: Yes, but why do you want to know that?
A: Cuz I need to know it to figure out how long it
takes to catch the satellite.
B: How will knowing the speed help you do that?
A: I’ll use it and the satellite speed and the distance.
B: OK, it’s going 16,800 miles per hour
A: Thanks. And how fast is the satellite going?
B: Why do you need to know that?
A: To know how long it’ll take. If it’s just a little slower, it’ll take longer. I’ll make an
equation and put them equal to each other cuz that’s where they meet.
B: That makes sense. The satellite is
going 16,000 mph
A: Thanks. And how far are they apart
when the shuttle starts its orbit?
B: Why?

https://www.tes.com

Instructional Design Tool for Developing Math Language

Let’s Fortify Language Development in a New FAL

REASONING Emphasis: Procedures & Plans;
Claims, Conjectures & Generalizations; Critiques;
Representations--ALL w/ Justification
(+ Assessment)

CONTENT & SKILLS to be learned
(and how they will be assessed):

LANGUAGE
M ODE(s) to
em phasize:

ACTIVITY

- Listen
- Speak
- Class Discussion
- Converse
- Write/Draw
LANGUAGE DEVELOPM ENT FEATURES
Useful & engaging
purpose
Understanding Language

L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s

Information
gaps

CLASSROOM
CULTURE:
- I belong
- I share thinking
- I listen to learn
- I focus & persevere
- I can learn & improve
- I solve, explain, argue
- OK to take time, struggle,
start over
- I Learn from
mistakes
Attention to language in
service of communication
Jeff Zwiers
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Stronger-Clearer Each Tim e
1. Laura – forgot / late
2. N ayeli – slow down
3. Edgar – bridge

Card Matching

ACTIVITY FOR SUPPORTING IDEAS:
ARGUMENT SCALE

F

C
4 Tom has a m utation that
allows him to be two
places at once.

D
http://map.mathshell.org/lessons.php

Instructional Design Tool for Developing Math Language

Fortify It and Try It Out on Colleagues

REASONING Emphasis: Procedures & Plans;
Claims, Conjectures & Generalizations; Critiques;
Representations--ALL w/ Justification
(+ Assessment)

CONTENT & SKILLS to be learned
(and how they will be assessed):

LANGUAGE
M ODE(s) to
em phasize:

ACTIVITY

- Listen
- Speak
- Class Discussion
- Converse
- Write/Draw
LANGUAGE DEVELOPM ENT FEATURES
Useful & engaging
purpose
Understanding Language

L a n g u a g e , L it e r a c y , & L e a r n in g in t h e
C o n te n t A re a s

Information
gaps

CLASSROOM
CULTURE:
- I belong
- I share thinking
- I listen to learn
- I focus & persevere
- I can learn & improve
- I solve, explain, argue
- OK to take time, struggle,
start over
- I Learn from
mistakes
Attention to language in
service of communication
Jeff Zwiers
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My Fortification for the Card Matching Activity

ACTIVITY FOR SUPPORTING IDEAS:
ARGUMENT SCALE

CONTACT INFORMATION

Procedure
1.
2.
3.
4.
5.
6.
7.

Give ‘story’ cards out to Student A
in each pair, such as:
Give graph cards to B, such as
Have A read a card silently and
picture what is happening.
Then A describes the type of graph
he/she is looking for and B finds it.
B asks A for any information
missed
A watches to help B, if needed
Students can also draw a graph
and have the partner make up the
story for it.

Elia walked away from her home. Then she
realized that she forgot her lunch and ran
toward home. Halfway back she decided
to buy lunch, so she turned around to run
to the bus stop and waited for the bus.

Email:

jzwiers@stanford.edu

Handouts

jeffzwiers.org/july25

http://map.mathshell.org/lessons.php
Understanding Language

L a n g u a g e , L it e r a c y , & L e a r n in g
in t h e C o n t e n t A r e a s

Stanford
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