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ment when she told her teacher about my book!When we 

taught our youcubed summer camp for middle-school stu-

dents a few years ago, we told the students that we loved mis-

takes, they caused brain growth, and they were a really 

important part of learning. This caused the students  
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kind of huffy and mad. And the guy at the top is annoying 

’cause he’s finished and he’s super happy. I always say, “You 

The Learning Pit
by James Nottingham

Which step have you reached today?

The Steps  
of Struggle
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The students write about their feelings when they 

struggle—“I’m so confused,” “I’m not good at math,” 

“This doesn’t make any sense”—feelings we have all 

experienced. They also write about their feelings as 

they progress in the struggle pit—“Don’t let your 

confusion control you,” “Climb the wall step by 

step,” and other positive thoughts. Jennifer cele-

brates their being in the pit, telling them she could 

grab their hand and they could jump over the pit 

together, so they miss it altogether, but that that 

would not be helpful for their learning and brain 

growth.

She told me that students sometimes get frustrated and 

say to her: “Ms. Schaefer, I am really in the pit!”
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In the last chapter, I reported a study conducted by Jason 

Moser and his colleagues showing that mistakes are produc­

tive for brain activity and growth.12 This study also highlighted 

that people with a growth mindset experienced significantly 

greater brain activity when they made mistakes than people 

with a fixed mindset did. The team created voltage maps, maps 

showing activity or heat, in the brains in the study. The voltage 

maps showed that the brains of people with a growth mindset 

were glowing orange—almost as though they were on fire with 

growth compared to those of people with a fixed mindset.

This research result reveals something extremely impor­

tant—it shows in concrete terms that what you believe about 

yourself actually changes how your brain operates. For many 

years people have believed that our emotions are separate 

from our cognition or knowledge, but this is not the case. 

They are in fact intertwined. When making mistakes, those 

who believed in their own potential experienced more bene­

ficial brain activity than those who did not believe in their 

own potential.
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Part of the reason Cathy Williams and I founded you­

cubed, our Stanford center, was to share evidence of brain 

growth and mindset with students. In the interview study we 

conducted for this book with sixty-two adults who reported 

change, it became clear that people can change at any age. 

The interviews also revealed the detailed ways that fixed 

ideas can lock people up and, conversely, the ways that mind­

set and growth ideas can unlock them.

Mariève Gagne, a teacher in Canada, is a native French 

speaker who grew up, like many others, thinking that she was 

not good enough for STEM subjects. Interestingly, she devel­

oped this damaging belief even though she was in the highest 

ability group at her school. The reason she felt she was not 

good enough was that she was not one of the top students in 

her group. This tells us the extent of the damaged thinking. 

Even students in advanced groups believe they are not good 

enough if they are not at the top of their group.

In our youcubed film about the damage of the “gifted” 

label, one of the Stanford undergraduates, Jodie, says that 

she believed she could not continue to study engineering be­

cause she was “not the best student in her math or chemistry 

•
•

••
•

•

Time 1

Experimental

Control

M
at

h 
G

ra
de

s

Time 2
(Pre-Intervention)

Time 3
(Post-Intervention)

3.00
2.90
2.80
2.70
2.60
2.50
2.40
2.30
2.20
2.10
2.00

6



They and other neuroscientists have also found that 

communication between the different brain areas enhances 

learning and performance. In 2013 research scientists Joon­

koo Park and Elizabeth Brannon reported on a study in 

which they found that different areas of the brain were in­

volved when people worked with symbols, such as numbers, 

than when they worked with visual and spatial information, 

such as an array of dots.3 The researchers also found that 

mathematics learning and performance were optimized 

when these two areas of the brain were communicating with 

each other. We can learn mathematical ideas through num­
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From this:

To this:

Division 6–12  Name:

 9 81	9 11 121	 7 219	 10 10	9 10 109 

 10 50	9 7 499	 10 509	 9 27	9 8 649 

 10 90	9 9 63	9 8 969	 7 77	9 10 909 

 12 36	9 11 119	 11 119	 12 132	 6 309 

 6 54	9 11 559	 12 849	 11 55	9 9 459

Division 6–12 3 Name:

 8 48	9 12 132	 7 35	9 10 309	 10 309 

 10 70	9 7 63	9 10 70	9 9 45	9 8 809 

 10 11	0 12 129	 11 121	 6 189	 10 110 

 12 60	9 11 339	 11 33	9 9 27	9 6 429 

 6 66	9 11 779	 12 10	8 11 77	9 9 639

First fold 
the paper 
in half

Then  
in half 
again

Then 
fold a 
triangle

Then 
open the 
paper
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These were their twenty-four ways of seeing the dots:

I ask students to look at groups of dots in this way partly 

to illustrate the creativity in mathematics and the many dif-

ferent ways people see mathematics—even seven dots! I also 

do the exercise with students because it develops an import-

ant part of the brain called the approximate number system, 

or ANS. This is an area of the brain that allows a person to 

estimate nonverbally the number of a group of items. Stu-

dents’ levels of ANS proficiency have been found to accu-

rately predict their future math achievement.15

A creative and multidimensional approach—the invita-

tion to see in different ways—can be enacted in any content 

area. We could show students a scene from To Kill a Mocking-

bird, a cell diagram in biology, or an event from the news or 

from history and ask them: What do you see? How do you 

make sense of it? This values visual thinking and the multi-

ple different ideas students will come up with, both of which 

are to be celebrated and encouraged at all times.

When Teachers Learn—and Use— 
a Multidimensional Approach

The Central Valley is a less well known area of California than 

the urban districts in the north (such as San Francisco) and 

These are the seven dots:
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“search engine of the mind” and, like all areas of our brains, is 

developed through practice. What Beilock has shown is that 

when we are stressed or under pressure, our working memory 

is impeded.2 The students who are the most compromised 

are those with the most working memory. This means that 

when students are given timed math tests and they become 

anxious, as many do, their working memory is compromised, 

and they cannot calculate the answers. Anxiety sets in, and a 

pattern of harmful beliefs soon follows.

The feeling of stress impeding your brain may be some-

thing you have known yourself. Have you ever had to work on 

a math calculation under pressure and felt as though your 

mind “went blank”? That is the feeling of stress blocking 

your working memory. When we give timed tests to young 

children, many of them experience stress, their working 

memory is compromised, and they cannot recall math facts. 

When they realize they cannot achieve, anxiety sets in.
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in order to develop the concept of a product. Mathematics is 

a conceptual subject, but many students do not learn it con-

ceptually; they learn it as a set of rules or methods to memo-

rize. As discussed, this turns out to be a serious problem for 

many students, and some fascinating research on the brain 

sheds light on the reasons why.

When we learn new knowledge, it takes up a large space 

in the brain—it literally occupies more room—as the brain 

works out what it means and where it connects with other 

ideas already learned. But as time goes on, the concepts we 

have learned are compressed into a smaller space. The ideas 

are still there so that when we need them, we can quickly and 

easily “pull” them from our brain and use them; they just 

take up less space. If I were to teach arithmetic to kindergar-

ten students, the concepts would take up a large space in their 

brains. But if I asked adults to add 3 and 2, they would quickly 

do so, pulling the answer from their compressed knowledge 

of addition. William Thurston, a mathematician who won 

the Fields Medal, described compression in this way:

Mathematics is amazingly compressible: you may struggle 

a long time, step by step, to work through the same process 

Concept 
of Product

Counting

Counting On

Concept 
of Number

Concept 
of Sum

Repeated 
Addition
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Here are six different ways of calculating 18 × 5 (there are 

more) with their visual representations.

We can pose all sorts of different number problems and 

solve them in different ways, breaking numbers apart and 

making them into “friendlier” numbers, such as 20, 10, 5, or 

100. This makes calculations easier and encourages number 
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course they loved. On Twitter we saw many photos teachers 

had posted of students producing beautiful representations 

of the patterns.

One of Nina’s students was Jodi, a girl whose medical 

condition caused her to miss a lot of school during the year 

and often kept her from completing homework. Math had 

never been a subject she enjoyed, but she became enchanted 

by the hailstone problem. One day Nina noticed that Jodi 

was walking around with her pockets stuffed full of small 

pieces of paper. Over a few weeks, Nina saw the pockets grow-

How Hailstones Are Formed Raindrops are pushed by 
wind above the freezing 

point, where they spin 
around, freeze, and grow 

until they are heavy enough 
to fall to the earth  

as a hailstone.

Freezing point
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Students Plot the Stopping Times of Each Number

Visual Representations of Number Patterns
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RESOURCES 
to Help Change Mindsets  

and Approaches

Four Boosting Messages for Students:

https://www.youcubed.org/resources/four-boosting 
-messages-jo-students/

Free Online Class, in English and Spanish, to Improve 

Students’ Mindset and Approach to Mathematics:

https://www.youcubed.org/online-student-course/

A Range of Mindset Videos for Students:

https://www.youcubed.org/resource/mindset-boosting 
-videos/

Rethinking Giftedness Film:

https://www.youcubed.org/rethinking-­giftedness-­film/

Different Experiences with Maths Facts Film:

https://www.youcubed.org/resources/different 
-experiences-with-math-facts/

Visual Creative Maths Tasks:

https://www.youcubed.org/tasks/

15



Free Downloadable Posters:

https://www.youcubed.org/resource/posters/

Two Online Courses for Mathematics Teachers and Parents:

https://www.youcubed.org/online-teacher-courses/

K–8 Book Series:

https://www.youcubed.org/resource/k-8-curriculum/

A Range of Short, Readable News Articles on the Book’s 

Ideas:

https://www.youcubed.org/resource/in-the-news/
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APPENDIX I 

Examples of Numerical and Visual 
Approaches to Math Problems

Here are two standard math questions with visual solutions. 

These are the types of questions that may have produced anx-

iety and math hatred in school, with good reason. I have writ-

ten at length about the damage of fake word problems and 

contexts that students are meant to partly believe, while ignor-

ing everything they know about the real situation. But please 

have a look at the different ways of solving them, as an illustra-

tion of what is possible when we think visually.

This problem is adapted from one used by a wonderful 

mathematics educator, Ruth Parker. She poses this question:

A man wants to buy 1⁄4 of a pound of turkey. He goes into  

a shop that gives him 3 slices that weigh 1⁄3 of a pound.  

What proportion of the 3 slices does he need?

A numerical approach:

3 slices = 1/3 pound 

x slices = 1/4 pound

1/3 x = 3/4 

x = 9/4

A visual approach:

= 1/3 pound

= 1/3 pound

= �1/4 pound 
(or 21/4 slices)

17



The second is one of those awful, unrealistic word prob-

lems that fill mathematics textbooks:

Jo and Tesha each have a number of cards in the ratio 2:3. 

Tesha and Holly have a number of cards in the ratio 2:1. If 

Tesha has 4 more cards than Jo, how many cards does Holly 

have? Give an answer and briefly explain your reasoning.

A visual approach:A numerical approach:

Jo and Tesha 2:3

Tesha and Holly 2:1

Jo and Tesha’s cards are  
divided into 5, with a 2:3 ratio.

Tesha has 1/5 more than Jo.  
Tesha has 4 more cards.

1/5  4

1  20

So together they have  
20 cards.

Jo has 2/5  20 and  
Tesha has 3/5  20.

Jo has 8 and Tesha has 12.

Tesha and Holly are 2:1,  
so Holly has 6 cards.

Jo & Tesha  2:3      Tesha & Holly  2:1

Jo                         Tesha

(these are ratios, so we don’t  
know the value—yet)

Tesha                   Holly

Tesha has 4 more cards than Jo,  
so they now look like this.

Jo                        Tesha

so each block = 4

Holly’s

= 6
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APPENDIX I I 

A Sample Rubric

Here is a rubric from Mark Cassar’s school. In this rubric 

the teacher decides whether a student has met the area of 

learning described in the “criteria” and includes feedback for 

the student on ways to improve. In this case the rubric also 

reflects a conversation the teacher had with the student to 

clarify understanding.

Criteria	 1	 2	 3	 4	 Feedback
Create, identify,  
extend patterns

Make a table of values  
for a pattern

Communicate math  
thinking in writing and  
pictures (communication  
and representation)

Toothpicks Problem (Patterning)
Assessment For/As Learning

1 = expectation not met;  2 = approaching expectation;   
3 = meets expectation;  4 = exceeds expectation

“How could you find out  
the number of toothpicks  
for the 6th term?”
A table of values (t-chart) 
will help you determine  
the pattern rule
Conversation with student 
“tell me about”  22
                       6                     —& oral

* I had a conference with  
the student; her changes  

are noted on #2b.

“I am adding 
together to find the  

total amount.”

✓

✓

✓
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