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Making Mistakes 
Intentional

Analyzing the Nature of Student Understanding with Low-Entry, High-Ceiling Problems



↦ Review and reinforce already learned skills

Summer School Goals

↦  Develop problem solving strategies through 
justifying and reasoning.

    ↦  Develop meaningful computational fluency 
and number sense   

HAVE FUN!



Let’s talk 
about math



http://www.youtube.com/watch?v=YtrZ4Dec6eo&t=43


Nervous About Numbers 2014, RACHEL ADELSON https://www.psychologicalscience.org/observer/nervous-about-numbers

25% of 4-year US college students 

80% of community college students 

Math-associated anxiety

Nearly 50% of first and second graders

https://www.psychologicalscience.org/observer/nervous-about-numbers


Young, C. B., Wu, S. S., & Menon, V. (2012). The neurodevelopmental basis of math anxiety. Psychological Science, 23(5), 492–501.

Group of typical learners
● Not generally anxious
● Average working memory
● Average intelligence
● Average reading ability

Study of 2nd and 3rd graders



Heightened activity 
in the right amygdala

Associated with fear

Heightened activity 
in the hippocampus

Forms new  memories

Reduced activity 
in the prefrontal cortex

WM, attention, and 
number reasoning

Stronger connection 
between amygdala and 

prefrontal cortex

Regulates 
negative emotions

Young, C. B., Wu, S. S., & Menon, V. (2012). The neurodevelopmental basis of math anxiety. Psychological Science, 23(5), 492–501.

Math anxiety and the brain



Reduced working memory

Reduced attention

Reduced reasoning ability

Heightened negative emotions (fear!)

How do we experience “math”



Emotional activation 
hijacks mental resources 

required for math.



https://www.psychologytoday.com/blog/talking-apes/2
01703/how-overcome-math-anxiety

“The math performance-anxiety 
    relationship is bidirectional. That is, 

poor performance can lead to anxiety, and 
anxiety can lead to poor performance, 

thus creating a vicious circle.” 
- David Ludden



● Working memory critical to arithmetic & 
problem solving

● For LD students, effects are compounded

● Math-anxious students avoid doing math



So, why does 
math, in particular, 

induce anxiety in 
so many students?



So, why does 
math, in particular, 

induce anxiety in 
so many students?

We don’t hear about art anxiety, or science anxiety





Factors

Nervous About Numbers 2014, RACHEL ADELSON https://www.psychologicalscience.org/observer/nervous-about-numbers

Environmental (classroom experiences)

Personal (confidence, self-esteem)

Cognitive (working memory, number sense)

https://www.psychologicalscience.org/observer/nervous-about-numbers


Intentional
Engaging

Multisensory
Student-centered

Known to Unknown
Concrete ⇆ Abstract

Effective teaching is:



OR

What do we value?



When you teach blind 
memorization of rules 
student believe there 
must be math where 
there may not be any 

math at all



This is NOT thinking



What types of experiences ought we provide 
to students who struggle with math?

OR

Give them more opportunities to 
build intuition and understanding?

Compensation strategies (memorization, usually) 
that bypass understanding?





http://www.youtube.com/watch?v=YtrZ4Dec6eo&t=197


Process
Focused

Not all correct 
answers are equal



28 + 25
Grade 3



http://www.youtube.com/watch?v=hnIeIikWSfk&t=45


http://www.youtube.com/watch?v=BsxkayGRIA0&t=20


http://www.youtube.com/watch?v=AHqpfh4u7Nc&t=2


All 3 students 
got the right 

answer! But are their 
answers all the 

same?



We need to get 
kids talking 
about their 

math 
reasoning



This does NOT get 
kids to discuss 

their mathematical 
reasoning!





"I'm terrible at math." 

The goal for our math students should not be to memorize 
facts and procedures as skills isolated from meaning 

There is not one best process to solve every problem

THINKING 
is the goal

“I just don't have a 
math mind." 

"I wasn't taught how to 
do that."

"I’ll never understand 
this"

“I can’t remember how 
my teacher taught me”



Story of a 5 hour trip on a plane

Me



Story of a 5 hour trip on a plane

Me

How many people have to

exit the plane before us?



How many people have to exit the plane before us?
800!

That does not make sense. Look... 
300?

Hun… do the math. We are in row 23, 
which means there are 22 rows in front of us.

Each row has 6 people. So 6 x 22...
100!

6 times 22, 2 times 6 is 12, carry the one. Then 
6 times 2 is 12 again but add one so… 132. 

How didn’t you get that? 
Oh.. I must have forgot. 



Use entry points all 
students are able to access



Let’s play a 

game



What do you wonder?



What do you notice? What do you wonder?



What do you notice? What do you wonder?



What do you notice? What do you wonder?



What do you notice? What do you wonder?

Super Bowl LI



Round 2



What do you notice? What do you wonder?



What do you notice? What do you wonder?



What do you notice? What do you wonder?





Jo Boaler - Week of Inspirational Math https://www.youcubed.org/week-of-inspirational-math/

Notice and Wonder



What do you 
notice?

What do you 
wonder?

Jo Boaler - Week of Inspirational Math https://www.youcubed.org/week-of-inspirational-math/



Where’s the 
poop emoji?

Jo Boaler



Where’s the 
poop emoji?

Jo Boaler



Where’s the 
poop emoji?

Jo Boaler



Estimation



Why is Estimation Important?



US federal guidelines dictate that 
the dashed lines separating 
traffic lanes or indicating where 
passing is allowed run 

10 feet in length. 
https://www.psychologicalscience.org/news/motr/lines-on-the-road-are-longer-than-you-think.html

Longer than you think!



US federal guidelines dictate 
that the dashed lines 
separating traffic lanes or 
indicating where passing is 
allowed run 10 feet in length. 
https://www.psychologicalscience.org/news/motr/lines-on-the-road-are-longer-than-you-think.html

Longer than you think!



But why is 
estimation 
important?



http://www.youtube.com/watch?v=Biwtcww_hd4


Create intrigue and a passion for 
students to mathematize the world 

around them



What is this type of problem solving doing?
Pre-Intervention Annual 
National Test Time

During and Post Annual 
National Test Time

30 minutes 80.75 minutes

8.5 minutes 26 minutes

14.8 minutes 24.5 minutes

15.125 minutes 29 minutes

13.6 minutes 26.88 minutes
19.4 minutes 25.25 minutes

15.8 minutes 24.64 minutes

29 minutes 53.25 minutes

11.8 minutes 20.75 minutes

Source: Carroll School Track My Progress data 2014-2016

Math isn’t something done to you. It is something you actively engage and struggling with. It is a process in which 
just because it is unfamiliar it does not mean you cannot navigate. It takes time and effort.



“Just like any other skill, you can learn to 
do math if you need to use it. Instead of 
telling our kids (and ourselves) that math 
is hard, we need to show them how 
relevant these skills are in the high-tech 
lives they’re living.” - David Ludden

https://www.psychologytoday.com/blog/talking-apes/201703/how-overcome-math-anxiety



http://www.youtube.com/watch?v=YtrZ4Dec6eo&t=220


Problem Solving Resources
http://www.101qs.com/ - aimed at getting kids to identify the problem/question and then work toward an estimated solution 

http://www.estimation180.com - aimed at getting kids to estimate the world around them and come up with procedures to provide them with reasonable answers

http://www.wouldyourathermath.com - aims to get students to commit to a choice in the real world, even if mathematically their choice is not the “best” but using math to 
support whatever decision you make.

http://www.wodb.ca - a website dedicated to providing thought-provoking puzzles for math teachers and students alike. There are no answers provided as there are many 
different, correct ways of choosing which one doesn't belong. Enjoy!

http://mathpickle.com/unsolved-k-12/ - a website that brings unsolved problems for various grade levels to attack.

Three Act Math http://blog.mrmeyer.com/2011/the-three-acts-of-a-mathematical-story/ - taking real life questions via video or pictures and coming up with an essential 
question that can be answered by math. Rather than diluting the problem by leading kids to the solution or process, this method leaves the process up to the kids. What’s the 
question? (or given a simple question) What’s a reasonable answer? How do we prove it? and finally… What other questions can we now answer?

http://www.graphingstories.com/ - asks students to watch a video and “graph” what the story is telling them. (ex: someone swinging and you should graph their height off the 
ground over time)

https://talkingmathwithkids.com/ - great parent resource for various conversations you can have with your children @ home!

https://www.youcubed.org/week-of-inspirational-math/ - Week of Inspirational Math, various activities

http://www.mathbeforebed.com - A bunch of different problems your can do at home with your children.

http://www.visualpatterns.org - website with visual patterns (arithmetic to geometric) that children can do from PreK-up. 

http://www.openmiddle.com - a website with problems organized by grade where the middle of the task and how to solve it is, you guessed it, open!

http://www.fractiontalks.com/ - a website with various resources to discuss fractions!

https://clotheslinemath.com/ - do you have some spare rope at your house? Do you enjoy number lines? Then you need to build this! Great discussion starter for number 
sense.

http://www.collaborativemathematics.org/ - Problem solving videos!

http://www.101qs.com/
http://www.estimation180.com
http://www.wouldyourathermath.com
http://www.wodb.ca
http://mathpickle.com/unsolved-k-12/
http://blog.mrmeyer.com/2011/the-three-acts-of-a-mathematical-story/
http://www.graphingstories.com/
https://talkingmathwithkids.com/
https://www.youcubed.org/week-of-inspirational-math/
http://www.mathbeforebed.com
http://www.visualpatterns.org
http://www.openmiddle.com
http://www.fractiontalks.com/
https://clotheslinemath.com/
http://www.collaborativemathematics.org/
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