
Creating Cultures of Thinking in Math
How might educators:

create conditions for students to think deeply about math?
create experiences in math that create curiosity, challenge students to
build their math skills, stretch themselves as mathematicians, and
meaningfully contribute to the collective understanding of the group?
create the space for students to own their learning in math? 
create a culture where students can make their thinking
visible, celebrate their mistakes, and feel confident that they can
succeed in math?
foster a love of math, and help students see that math is beautiful,
creative, and all around us?

The 5 Principles of the Modern Mathematics
Classroom ~Gerald Aungst (2016)

In a conventional classroom, communication is primarily one way: the teacher explaining
a procedure or algorithm to students. In a problem‐oriented classroom, students must
learn to communicate frequently about problems and how they solve them.

In a traditional classroom, students work alone, and the emphasis is on an individual’s
skill fluency. Problem solving classrooms are all about the “we”.

Though this sounds sketchy, it is simply encapsulating the idea that real math work is
messy. In a traditional classroom, neatness and order rule the day. Real problems, on the
other hand, require experimentation, false starts, mistakes, and corrections, sometimes
over and over again.

In a traditional classroom, recognition is given for right answers and high grades. In a
problem‐solving culture, anything that leads towards a solution is celebrated: finding
one small step of a complicated problem, thinking of an innovative approach even if it
doesn’t pan out, or even making a spectacular mistake and asking for help.

CONJECTURE

"Mathematics instruction is frequently conducted under a false assumption: that

mathematics is a fixed, linear sequence of skills. This leaves out what makes

mathematicians pursue their subject with passion and drive: the mystery and magic of

math.  By learning and applying five simple principles, you can inspire students, teach

them how to think like innovators, and make them believe they are all “math people.” The 5

Principles let you build a classroom culture that emphasizes the most important part of

any mathematics curriculum: the processes, practices, and habits of mind."

 

~ Gerald Aungst, 5 Principles of the Modern Mathematics Classroom:

Creating a Culture of Innovative Thinking (2016)

In a traditional mathematics classroom, the primary goal is for students to get the right
answers to questions and exercises. In a classroom where conjecture is encouraged,
students ask most of the questions, and the answer to a question is very often another
question.

COMMUNICATION

COLLABORATION

CHAOS

CELEBRATION

The most important thing is the teacher's belief that all students are capable,
competent, curious, and like to be challenged.
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"It is better to solve

one problem five

different ways, than to

solve five problems one

way."
                   ~

George Polya

CONJECTURE "Teachers need to
create an

environment where
mathematical

reasoning is essential.
We need to immerse

students in
environments that
provide organic

opportunities to use
and apply math

concepts."

"Mathematics is a beautiful, open, creative, and multi-dimensional subject. But school
mathematics is often uninspiring, procedural and one-dimensional – it is all about
memorizing methods and procedures. One-dimensional mathematics is not the
mathematics of the world and it is not the mathematics of our 21st century workplace."
~ Jo Boaler. 
 
Most mathematics textbooks are organized with lessons that teach the steps to solve
certain types of problems, which are followed by simple problems students use to
practice those steps.  Finally, the difficult problems are found at the back of the chapter,
and students are aware that they will use the steps they have practiced to solve those
problems. But, we know that humans "love mysteries because our brains crave the joy
that comes with discovery. [So, instead, why not begin teaching a math concept by]
"pos[ing] a challenge so compelling that students are begging you to help them figure it
out? " ~Gerald Aungst

The cure is simple: put the problem first! 

Where can we find these challenges?

Find rich, open tasks that give entry points for all learners, while allowing students
to extend themselves to high levels (low floor, high ceiling).  These challenges can
serve as small mathematical inquiries. 
 
 
3 Act Tasks were originally created by Dan Meyer to bring real world, story-based
math to students. A 3 Act Task is a collaborative, open-ended math mystery with
three parts.
 
     - Act One offers an engaging and perplexing visual (video, image or event).
Students are asked what they notice and what wonders they have. As a class, one
wonder is chosen to explore.  
 
     - In Act Two students work in small collaborative groups to
determine estimations that they know are too high and too low for the solution to
the wonder. They also determine what information they will need to solve the
challenge.  In this act, students are offered a small amount of new information to
consider.  Students make their thinking visible and are expected to come to a
consensus. 
 
     - In Act Three, the answer is revealed.  Students could continue to inquire and
explore some of the other wonders that emerged. This is an opportunity for cross-
curricular explorations.
 
 
 
Dr. Small believes that "one question can meet the needs of many learners
because the question is not overly tight and so benefits a broader range of
students."  She defines a good open task as one that leads to rich, mathematical
conversations and has the ability to stretch all learners.  Her books Open
Questions for Rich Math Lessons are organized by grade and math strand and
include questions to help students get started, work on it, and consolidate their
understanding. 
 
 

Act One

Act Two

Act Three

news cast

 
 
"Let’s consider the work of a mathematician: She first has to pose an important problem, then
map out a mathematical approach, she will probably collaborate with others on ideas, and
engage in ... a zig-zagging process of conjecturing, refining counter examples and proving. She
has to form a mathematical model, apply methods, draw diagrams, connect ideas, reason about
connections and communicate in different forms."  ~Jo Boaler  
 
Jo Boaler believes that math should be visual and that students should be given opportunities
to think about math in different ways: with numbers, with pictures and with words. 
 
It is important for students to engage in productive struggle (where they feel challenged but
not frustrated) when learning math, because when students are struggling and making
mistakes, their brains are forming more neural connections. 

If you colored one tooth on

each cog, which pairs of cogs

let the colored tooth go into

every ‘gap’ on the other cog?

 
Which pairs do not let this

happen? Why?
 
Can you explain how to

determine which pairs will

work, and why? 
(http://www.peterliljedahl.com/teachers/good-problem) 
 
(http://www.peterliljedahl.com/teachers/numeracy-tasks)
 
Liljedahl's Tips for helping students find success:
     - give instructions verbally
     - group students randomly and group students differently
        each day 
     - give students the opportunity to work on vertical,
        non- permanent surfaces (like whiteboards or windows)
     - teachers answer student questions with questions of their
        own.  
     - encourage students to consult other groups if they
        become stuck  

If 6 cats can kill 6

rats in 6 minutes,

how many will be

needed to kill 100

rats in 50 minutes?

~Gerald Aungst

“...five suggestions that can work to open mathematics tasks and increase their potential for learning: Open up the task so that there are multiple
methods, pathways, and representations. Include inquiry opportunities. Ask the problem before teaching the method. Add a visual component and ask
students how they see the mathematics. Extend the task to make it lower floor and higher ceiling. Ask students to convince and reason; be skeptical.” 

 ~Jo Boaler, Mathematical Mindsets: Unleashing Students' Potential through Creative Math, Inspiring Messages and Innovative Teaching

JO BOALER'S YOUCUBED OPEN TASKS  (https://www.youcubed.org/tasks/) 
 

PETER LILJEDAHL NUMERACY TASKS

DR. MARIAN SMALL'S OPEN TASKS
 

3 ACT TASKS
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OPEN MIDDLE MATH
(http://www.openmiddle.com/)
 
Open middle problems provide students with opportunities to reason with
evidence and come to consensus with a group.  There is often more than one
way to solve the problem and while it might be easy to get an answer, it is often
more challenging to get an optimum answer.  While they may appear to be
simple and procedural in nature, the problems are more challenging and
complex when you start to solve them.


