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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.



Tracy and Tim

● Seven years of GEAR/UP- TI training with Doug 
Roberts and Sandra Hocutt

● T³™ International Conference  Attendees and  
Presenters

●  T³™Teacher Leader Cadre 2017
●  T³™Regional Instructor
● Oklahoma Excel Community Members



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.



Why Justification?
● 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



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.
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Introduction to Puzzle Problems

● WHAT? - Short problems that allow students to 
practice flexible math thinking and justifying their 
answers collaboratively.

● WHEN? - These problems are 5-15 minutes in 
length, and can be added whenever it makes sense 
in your lesson.   They can be...
○ at the beginning as a launch
○ embedded into the math lesson
○ as part of the lesson closing



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.





Justifying 
Anchor Chart 
from Jennifer 
Findley



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
● WHAT they got as the answer
● HOW they got to that answer
● WHY they chose the strategies or operations they used
● WHY their answer is correct

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.  





Sample Student Response

Score from Rubric:
What, How, and Why are 
included. Argued the 
converse of the statement. 
Not a minor calculation error.
Score: 2 or 3 depending on 
how minor you see logical 
error.



Sample Student Response

Score From 
Rubric:
Answer but no 
justification
Score: 0



Sample Student Response

Score from 
Rubric: What, 
How, Why, and 
Why included.
Score: 4



Sample Student Response

Score from 
Rubric: What, 
How, Why, and 
Why included but 
no congruent 
example.
Score: 3



Sample Student Response

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



Teacher Growth

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

● Problems do not need to come directly from 
your curriculum

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



T^3 Chicago for Tracy, Baltimore for Tim

This is the point in our growth 
where we made the connection 
between puzzle problems and 
T³™ 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.



Dr Peter Liljedahl



TI Tech is a 
wonderful tool 
for discovery.
But why stop 
there? Students 
own the math 
when they 
justify their 
thinking!

TI Tech as a tool for students 
to justify their thinking
● Calculations
● Notes Pages
● Tables
● Graphs
● Probes
● CBR
● Rovers
● Innovators



Dr. Annie Fetter What Do Notice,

What Do Wonder



What do Notice?     What do you Wonder?



What do Notice?     What do you Wonder?





Next Natural Step?

Mathematical Modeling



Mathematics 
Devoid of 
Meaning is 
Empty 

Nancy Butler Wolf

In the chat:

What sense do make of 
this quote? 

In light of your teaching, 
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.



NAEP 2026

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

Selecting and 
Implementing Cognitively 
Complex Tasks

● Puzzle Problems

Teacher 
Knowledge and 
Skills

Teacher 
Mindsets and 
Beliefs

Student Attitudes 
and Beliefs

Modeling to communicate 
understanding

● Selecting and 
Implementing Open Ended 
Tasks

● Address Foundational 
Gaps/ 
Misconceptions/Levels of 
understanding

● Facilitating discourse and 
connections

Student 
Knowledge and 
Skills





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


Oklahoma State Department of Education

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.



Oklahoma State Department of Education

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?



Oklahoma State Department of Education

Act 2 (continued)



Oklahoma State Department of Education

Act 2 (continued)



Oklahoma State Department of Education

Example:









Never Say Anything 
A Student Could Say



How many toes on the bus?



Which One Does Not Belong? Justify your answer.



Oklahoma State Department of Education

Act 3 - The Reveal

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

