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Waterfall Response Question

There is a question on the next slide. We
will give you 45 seconds to type your
response in the chat. When we say

go.....everyone submit your answers at
the same time.



Which One Does Not Belong? Justify your answer.



http://www.youtube.com/watch?v=NFAUVAPWxiE

Our Journey Thus Far

Today’s presentation reflects an
ongoing project to understand this
idea. The presentation is organized
following our own growth.



e Seven years of GEAR/UP- Tl training with Doug
Roberts and Sandra Hocutt
e 3™ |nternational Conference Attendees and

Presenters

e T3*™Teacher Leader Cadre 2017/
e T3™Regional Instructor
e Oklahoma Excel Community Members

Tracy and Tim



Oklahoma Excel
Networked
Improvement
Community

Statewide network of
teachers that studied the
value of student
justification.
Implemented the change
idea of puzzle problems.
Collected and analyzed
data in 6 week PDSA
cycles to refine our
practice.

We are now in year 3.



Promotes analysis of the
mathematics and revision
Deeper student
understanding of the
mathematics, not just
mimicking the teacher.
Democratization of
knowledge

Student ownership of the
mathematics increases.
Teacher can see and hear
student thinking.



Driver Diagram

Primary Drivers

1) Student
Mindsets, Beliefs, '«
AIM and Experiences
Change Idea
Increase student
mathematical
justification and 1) Teacher
_reasoning ability in’> Mindsets and 'A:) Puzzl I ':
each quarter of Beliefs
the 2019/2020
school year
2) Teacher Skill +
— Classroom -

Instruction




Puzzle Problems

Puzzle Problems can be an on-ramp for students
to think deeply and justify their reasoning. These
structures can provide first steps and a process for
continuous improvement in justification and
reasoning.

The focus is the process not the problem.



Introduction to Puzzle Problems

e WHAT? - Short problems that allow students to

practice flexible math thinking and justifying their
answers collaboratively.

e WHEN?- These problems are 5-15 minutes in
length, and can be added whenever it makes sense
in your lesson. They can be...

o atthebeginning as alaunch
o embedded into the math lesson
o as part of the lesson closing
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Student Growth

Students start with accessible
questions where they can give
reason for their answers.



Oklahoma Excel Puzzle Problems

Which One Does Not Belong?
Always, Sometimes, Never
Would You Rather

Number Talks



Which one does
not belong?

Put your answer in
the chat.




L. - -
I

Work as a server at Restaurant A

Work as a server at Restaurant B?
% AR " — i T L

|

Restaurant A ol Restaurant B
S$18 per hour === $1050 per hour
No tipping allowed Tipping encouraged

I
- (meals range from S8

- (meals range fromS8 =~
to $25 each) > to $25 each)
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Math Justification and Reasoning Rubric

This rubric allows for a formative assessment of how students are able to explain their mathematical thinking and provide a
justification. Justifications evaluated using the rubric can be written or verbal.

0

1

2

3

4

No attempt was
made to justify

OR

Justification is
missing all critical
components

Justification is too
difficult to
understand or is
missing 3 of the
critical
components

AND

The solution may
be correct or
incorrect

Justification is
difficult to
understand and/or
is missing 2 of the
critical
components

AND

The solution may
be correct or
incorrect

Justification is
clear and includes
at least 3 critical
components

AND

The solution may
be correct, but
may also include
minor calculation
errors

Justification is

detailed and clear

and includes all 4

critical

components
AND

The solution must
be correct

Critical Components of Mathematical Justifications
e  WHAT they got as the answer
e HOW they got to that answer
e  WHY they chose the strategies or operations they used
e  WHY their answer is correct

& OKLAHOMA
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Determine whether the statement is always,
sometimes, or never true.

Two triangles with the same perimeter are
congruent to each other.

Add a notes page or geometry page to justify
your answer.

() |Always
O Sometimes

() |Never v




Sample Student Response

m 1.2 m *Doc pec [i] X

Score from Rubric:

—

lem| What, How, and Why are

Always true because congruent triangles must

| included. Argued the
have the same perimeter.

converse of the statement.
Not a minor calculation error.

AN 7 cm D 7 em Score: 2 or 3 depending on
5.7 cm ips how minor you see logical
G error.
B 8.3cm E
F 83cm




Sample Student Response

Determine whether the statement is always,
sometimes, or never true.

Two trianges with the same perimeter are
congruent to each other.

Add a notes page or geometry page to justify
your answer.

) |Always

Sometimes

Never

Score From
Rubric:
Answer but no
justification
Score: 0



Sample Student Response

l'.z 1.3 14 *Doc

The triangles could have sides Rubric: What,
How, Why, and
5+12+13 » 30 .
| Why included.
R e Score: 4

10+10+10 » 20 These have the same
perimeter but not = because the
corresponding sides are not =

If both triangles are 5,12,13 then they = and
have the same perimeter v




Sample Student Response

ASN response DEG D X
et Scorg from

Rubric: What,
How, Why, and

2 om t 5 cm 2 em r:S cm Why included but
No Congruent

S5cm
4cm example.

Score; 3

Sometimes. The sides may add up to the same

perimeter, but not be the same length.




Sample Student Response

AR 1.5

Sometimes.

Because when they are the same they are =Y

Score from Rubric:
Answer correct with
a what and why but
the justification is
hard to understand
Score: 2



Teacher Growth

e Start with simple puzzle problems with the
intention of building classroom culture

e Problems do not need to come directly from
your curriculum

e Students talking (writing) about their thinking
is what is most important



TA3 Chicago for Tracy, Baltimore for Tim

This is the point in our growth
where we made the connection
between puzzle problems and
T*™ pedagogies.



Cognitively Challenging Tasks

Doug Roberts, in a local PD, defined
cognitively challenging tasks. Suddenly
they made sense in light of puzzle
problems and justification.



Change a textbook question into a more cognitively

challenging task.

John walks 2 miles east from his house on Gore
Blvd to get a drink at the convenience store then
turns south on 52nd street for 4 miles to visit
his friend Trisha. He is running late, so when he
leaves, he walks by the train tracks that go

diagonally from Trisha's house to his own. How
far did he walk?



Rewritten Question:

John walks due east from his house on Gore Blvd to get a
drink at the convenience store then walks due south on 52nd
street to visit his friend Trisha. He is running late so, when he
leaves, he walks 5 miles along the train tracks that go
diagonally from Trisha's house to his own. How far could it be
from his house to the store? How far does Trisha live from the
store?



Non-Permanent Vertical Surfaces with Random

Grouping.

Having learned from Dr. Peter Liljedahl the
value and method of making student
thinking visible we suddenly saw a path to
make puzzle problems, and thus
justification, even more powerful.



VERTICAL NON-PERMANENT SURFACES
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Tl Tech as a tool for students
TITechis a to justify their thinking

wonderful tool e Calculations
for discovery. e Notes Pages
But why stop o Tables
there? Students e Graphs
own the math e Probes
when they e CBR
justify their e Rovers
thinking! e Innovators




Dr. Annie Fetter What Do Notice,
What Do Wonder

Notice Wonder




What do Notice? What do you Wonder?




What do Notice? What do you Wonder?

The seven small rectangles in this picture are congruent.




What do you notice”? What do you wonder?

a b a b a b




Next Natural Step?

Mathematical Modeling




Mathematics In the chat:

DEVOi.d Of. What sense do make of
Meaning 1s this quote?
Empty

In light of your teaching,

Nancy Butler Wolf How does this quote
make you feel?




GAIMME 2016

Mathematical modeling is a
process that uses mathematics to
represent, analyze, make
predictions or otherwise provide
insight into real-world phenomena.



\\VAN 2 20X 0 X6

The practice of modeling requires
students to make sense of the scenario,
identify a problem to be solved,
mathematize it, and apply the
mathematics to reach a solution and
check the viability of the solution.



Aim

Students will
improve their
mathematical
reasoning and
justification
skills (as
measured by
rubric) each
quarter.

Drivers

Student Attitudes
and Beliefs

Student
Knowledge and
Skills

Teacher
Mindsets and
Beliefs

Teacher
Knowledge and
Skills

Change Ideas

Selecting and
Implementing Cognitively
Complex Tasks

e Puzzle Problems

~

Modeling to communicate
understanding

Selecting and
Implementing Open Ended
Tasks

Address Foundational
Gaps/
Misconceptions/Levels of
understanding

Facilitating discourse and
connections

40



Problem Pyramid

Problem solving

Word problems

Computation problems






https://docs.google.com/file/d/1c1Ti71zj4FjI47DZ97XVnGszbdcRliZ2/preview

Act 1

1. How many sugar packets do you think are inside a 20-oz
bottle of soda?

2. Guess as close as you can.
3. Give an answer you know is too high.

4. Give an answer you know is too low.

a \]
. OKLAHOMA
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Act 2

5. What information will you need to know to solve this problem? How many packets of
sugar are in a 20 oz. bottle of soda?

AR
. OKLAHOMA
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Nutrition Facts

Serving Size 1 bottle
Servings Per Container 1

Act 2 (continued)

Amount Per Serving

Calories 240
% Daily Value*
Total Fat Og 0%
Sodium 75mg 3%
Total Carbohydrate 659 22%
Sugars 659
Protein Og

Not a significant source of fat
calories, saturated fat, trans fat,
cholesterol, fiber, vitamin A, vitamin
C, calcium and iron.

*Percent Daily Values (DV) are based
on a 2,000 calorie diet.

similar products

AR
W, OKLAHOMA
f‘ Education
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Act 2 (continued

"

0
o

We Ul Always B Ufov

SEARCH
our site

I

OSearch Recipes
©Ssarch Entie St

http:/ /www.dominosugar.com/Product.aspx?id=32, retrieved 02 February 2011

£ SHARE 4 EMAL & PRINT

Sugar Packets

Each packet contains one portion of 100% pure
Superfine Granulated Sugar. At home, at work, or on
the go, Domino® Sugar Packets are always neat and
convenient.

Available Sizes:

i

—

ABOUTUS | PARTY CENTRAL | BAKING MADE EASY | FUN CORNER | RECIPES | OUR PRODUCTS | NEWSLETTER

\

Sign up to receive
es, our newsle

MY e T
recgpes w 100 count box e
7z
%Z
Create a virtual A
cookbook by collecting K
all your favorite recipes'y ~
from this site. Returning BAKING
aﬂm p'lfau login mode easy
pleaso gtk haro ' P e e e
m— baking questions. Our experts
z: Domino® Sugar - Nutrition Facts — Sugar Packets @ 3 share tips, videos and handy
charts to help you bake
USERNAME - aw " like & prol s
Nutrition Facts
Serving size 1 Teaspoon (4g) S
I
Amount Per Serving
5 Calories 15 GREATAMERICAN
CALORIES BAKESALE
\W % Daily Value* NO KID HUNGRY
Total Fat Og 0%
Sodium Omg 0%
PERSONALIZE Total Carbohydrate 4g 1%
your b
Sugars 4g
Add a special touch to your
homemade baked goods with these s
handy accessories you can Protein 0g
N . ing b it I
home computer. What better way to h
A= Tamock W Kot *Percent Daily Values are based on a
Gift Tags for your Baked ltems: 2003 calone det, s
king Gift Tags 55

Holiday Gift Tags 1

A
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Coke S%QVS = LOE)S

Example: >Dn,j-lﬁD S\qur PO\K&T = L\ 8
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You'd never of sugar.




Mathematical Modeling Cycle

Analyze a
situation or

Develop

& formulate Validate
a model condusms
Compute Interpret the
solution of | ———— solution & draw
the model conclusions




| used to think my job was to teach students to
see what | see. | no longer believe this. My job
Is to teach students to see; and to recognize that
no matter what the problem is, we don't all see
things the same way. But when we examine our
different ways of seeing, and look for the
relationships involved, everyone sees more
clearly; everyone understands more deeply.

—Ruth Parker




Never Say Anything
A Student Could Say




How many toes on the bus?



Which One Does Not Belong? Justify your answer.




Youdnmever ~  of sugar.



https://docs.google.com/file/d/10tIXryVqV2-Ezn0RsI93GFPh8gRr73YP/preview

