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“A great resource to encourage the most important goal of all—students doing the
mathematical thinking!”

Jo Boaler

Nomellini-Olivier Professor of Mathematics Education, Stanford University

Stanford, CA

“If you love Building Thinking Classrooms in Mathematics but want more examples of tasks

you can use with your middle and high school students, this is the book you've been waiting

for. It goes deeply into fifty tasks, how to launch them, the task sequence, how to consolidate

them, what student notes might look like, check-your-understanding questions you can

use, as well as notes from Peter Liljedahl and Kyle Webb. It's a wonderful compliment to the
main BTC book”

Robert Kaplinsky

Educational consultant and Co-founder, Open Middle

Lakewood, CA

“Peter Liljedahl’s work continues to be a game-changer in mathematics education. With

co-author Kyle Webb, this expansion of Building Thinking Classrooms in Mathematics to

include manipulatives and technology isn’t just a welcome addition, it's an equity move

that empowers students to express their thinking and be recognized as capable, insightful
problem-solvers.”

Pamela Seda

Founder & CEO, Seda Educational Consulting, LLC

Co-author, Choosing to See: A Framework for Equity in the Math Classroom

Atlanta, GA

“This book doesn’t just help you choose better tasks—it helps you create better math

experiences. For students with math trauma, thats the first step towards rebuilding
confidence, curiosity, and trust in the classroom!”

Vanessa “The Math Guru” Vakharia

Author, Math Therapy™

Toronto, Ontario, Canada

“Peter Liljedahl and Kyle Webb deliver what middle and high school math teachers are

craving: tangible ways to make complex topics accessible, stimulate deep thinking and

discussions, and supercharge learning for each student. These tried-and-true tasks, along

with updated BTC practices for both die-hards and newcomers alike. They not only provide

teachers with something awesome to try right away, but also valuable skills to design their
own thinking tasks.”

Jason To

K-12 Mathematics Coordinator

Toronto, Ontario, Canada
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“Always practical and rooted in real classrooms, this follow-up builds on the original book

Building Thinking Classrooms in Mathematics with research updates and thinking tasks

already tried with students. Each task is fully supported—from launch to consolidation

to check-your-understanding questions. More than a resource, this is a transformative

guide that centers access and equips you for the flow, challenge, and joy of getting
students thinking”

Fawn Nguyen

Director of STEM Initiatives, Amplify

Oak View, CA

“This is a game changer for grades 6 to 12 teachers and students! Blending the latest research

with fifty ready-to-use lessons, it supports engagement, thinking, and deep learning of

curricular outcomes, and it shows you how to design your own. A must-read for anyone

building thinking classrooms—practical tools, deep thinking, and joyful learning all in
one book”

Alicia Burdess

Numeracy Lead Teacher, Grande Prairie and District Catholic Schools

Grande Prairie, Alberta, Canada

“I cannot stress enough how incredibly useful this book is in supporting my work with

students and teachers. The wide array of rich tasks gives me lots of options and allows me to

focus my attention on planning and preparing the learning experiences rather than creating

or searching for highly engaging thinking tasks. This is a must-have resource for all middle
and high-school math teachers and providers of professional development.”

Mike Flynn

CEO, Flynn Educational Consulting

Northampton, MA

“Peter Liljedahl has once again given us a book that is as practical as it is transformative.

With his trademark clarity and vision, he shows secondary math teachers how to create

classrooms where all students can engage deeply and meaningfully in mathematics. A must-

read for anyone committed to reimagining math teaching in ways that promote student
thinking and engagement.”

Chase Orton

Author, The Imperfect and Unfinished Math Teacher

Independence, OR

“This book has so many great curricular and non-curricular tasks! I love how the authors

answer frequently asked questions in the book based on their experience and research. It
makes me feel like a thinking classroom IS possible in my classroom.”

Howie Hua

Mathematics Instructor, Fresno State

Fresno, CA
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“This masterpiece serves as an invaluable resource for grades 6-12 mathematics educators

everywhere. Its updated research and rich tasks will empower both beginning and seasoned
teachers with making a thinking classroom an immediate reality.”

Tim Brzezinski

Middle and High School Mathematics Teacher,

Independent Mathematics Education Consultant

New Haven, CT

“Mathematics Tasks for the Thinking Classroom: Grades 6-12 by Liljedahl and Webb is an

indispensable resource. It offers fresh insights and practical ideas, seamlessly building on

Building Thinking Classrooms. With 50 detailed tasks, the book highlights the importance

of details in fostering deep, collaborative mathematical thinking. A must-have for educators
committed to truly engaging students.”

Alex Overwijck

Mathematics Teacher

Ottawa, Ontario, Canada

“Liljedahl and Webb have crafted a resource packed both with detailed tasks and clear

explanations of Building Thinking Classroom practices that tackle teachers’ common

questions and point to subtle and significant nuances to enrich all students’ learning
experiences. This book is an essential tool to return to again and again?”

Aleda Klassen

Secondary Mathematics and English Teacher

Waterloo, Ontario, Canada

“Peter Liljedahl and Kyle Webb do an amazing job providing updates to the original

practices and concrete examples teachers have been asking for. The full lessons are an

invaluable resource for teachers as we try tasks and tweak or build our own. This book is a
fantastic resource for any educator on their BTC journey!”

Abigail Bates

Mathematics Teacher, Bear Creek High School

Stockton, CA
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INTRoDV(TioN ﬁ

f you have picked up this book, you are likely already familiar with the pedagogi-

cal framework known as Building Thinking Classrooms (BTC; Liljedahl, 2021). You
probably also know that BTC is the result of more than 15 years of research grounded
in the classroom practices that either support or hinder student thinking. The origi-
nal research was a reaction to a recognized reality that the majority of students spend
the majority of their time in a math classroom not thinking. And this is a problem.
Thinking is a necessary precursor to learning and if students are not thinking, they are
not learning. Something is broken and many who work in math education have been
trying to repair it for more than half a century.

Since the introduction of the National Council of Teachers of Mathematics Principles
and Standards (2000), math teachers and leaders, organizations, school districts, and
departments and ministries of education around the world have been trying to change
this reality. But, for the most part, they have been trying to make this change while
not making changes to the classroom environment. Teaching through problem solving,
problem-based learning, project-based learning, and inquiry initiatives coupled with
changes to assessment, the introduction of competencies, mathematical processes, and
mathematical mindset work have dominated curriculum reform for the last 50 years.
But students are still sitting, and teachers are still standing. Students are still writing on
paper, while teachers are still writing on whiteboards. And as much as collaboration has
permeated education, learning has largely been seen as a solitary activity.

The work on BTC changed all this. It began by looking at the core routines that every
teacher does:

e the types of tasks we use;

e how we form collaborative groups;

e where students work;

e how we arrange the furniture;

e how we answer questions;

e when, where, and how tasks are given;
e what homework looks like;

e how we foster student autonomy;

e how we use hints and extensions;

e how we consolidate a lesson;

INTRODUCTION 1
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e how students take notes;
e what we choose to evaluate;
e how we use formative assessment; and

e how we grade.

These routines account for 90% of what every teacher does (Kaplinsky, 2022). My ques-
tion was, can these routines, individually and collectively, be enacted differently so as
to maximize student thinking? And thus began a journey that, so far, has taken more
than 15 years—a journey in pursuit of optimal ways to enact each of these core routines
in such a way as to maximize student thinking.

The results of this research were transformative. Classrooms went from spaces where
students sat working in their individual notebooks to spaces where they stood in
random groups of three working on vertical whiteboards. They went from spaces
where we, as teachers, pre-taught students how to do things like find the area of a
parallelogram, calculate percentages, and factor quadratics to places where students
figured these things out with the support of their random groups and the groups
around them before being taught formally. Classrooms went from spaces where
students were told meaning to spaces where they were making meaning. And they
went from spaces where only 20% of students were thinking for 20% of the time to
spaces where upward of 90% of students were thinking for 100% of the time. And the
10% who weren’t thinking for 100% of the time were still thinking for more than 50%
of the time.

What BTC did, that so many other initiatives had not, was examine the role that
environment plays on student behavior. By examining the core institutional structures,
BTC revealed that so many of the things about classrooms that have been invariant
for more than a century have outlived their utility. Having student sit in their desks
worked well in the post-industrial model of education when the goals of education
were conformity and compliance, and school served as a vehicle for preparing factory
workers. But if the goal is to think, we are going to have to do things differently. What
BTC showed us was that to achieve 21st century goals we needed to get away from
the 19th century classroom practices—we needed new practices. The research into
how to build a thinking classroom told us that if we want our students to think, then
we need to

e use thinking tasks;

e form frequent visibly random groupings;
e use vertical non-permanent surfaces;

e defront the classroom;

e only answer keep thinking questions;

e give tasks early, standing, and verbally;

e give check-your-understanding questions;
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Copyrighted Material, www.corwin.com. Not intended for distribution.
For promotional review or evaluation purposes only. Do not distribute, share, or upload to any large language model or data repository.



e be intentionally less helpful;

e create and manage flow;

e consolidate from the bottom;

e use meaningful notes;

e evaluate what you value;

e communicate to students where they are and where they are going; and

e report out based on data (not points).

Each of these empirically deduced practices is a response to the question of how we can
enact our core classroom routines so as to maximize student thinking. The research
into BTC began in 2003. By 2014, some of the optimal thinking practices had begun to
emerge from the data, each of which was obvious and surprising, liberating and fright-
ening, simple and complex. And this pattern continued. Each thinking practice that
emerged from the data was forehead-slapping obvious (if we want students to think,
then we have to give them something to think about) and complex (what constitutes
a good thinking task and how do we find and/or make them)—far too complex to be
captured in the list above, a keynote, or an article. This is not to say that efforts were
not made. I gave talks and wrote articles—neither of which could fully encapsulate
the complexity of each practice. The only ways teachers could really learn about the
nuances was through workshops—access to which were hampered by vastness of geog-
raphy and the limits of time.

In October 2020 the book Building Thinking Classrooms in Mathematics: 14 Teaching
Practices for Enhancing Learning (Liljedahl, 2021) was released. For the first time,
research that had taken, to that point, more than 15 years to collect, analyze, and make
sense of now lived in a form that allowed teachers to access it without having to be in
a workshop. And access it they did. Since publication, BTC has taken on a life of its
own. Teachers have begun building their own thinking classrooms and students have
begun experiencing math as something to be thought about—in groups and on their
own. Students are more often now standing rather than sitting, writing on whiteboards
rather than paper, working in groups rather than individually, and even working in
groups of groups rather than groups working in isolation (see Figures i.1 and i.2).

Figure i1 | Eleventh grade students working together in groups of three at whiteboards.

Photo credit: Peter Liljedahl

INTRODUCTION 3

Copyrighted Material, www.corwin.com. Not intended for distribution.
For promotional review or evaluation purposes only. Do not distribute, share, or upload to any large language model or data repository.



Figure i.2 | Students in a sixth/seventh-grade combination class working together in
groups of three at whiteboards.

Photo credit: Erin Null

More classrooms have been defronted, tasks are being given verbally to groups of
students huddled around the teacher, and flow is being maintained through hints and
extensions. And so much more. The book—and the book clubs, Facebook groups,
and PLCs that have sprung up around BTC—enabled teachers all over the world to
build their own thinking classroom without having to attend a workshop with me. This
is not to say that he became obsolete. Countless requests to visit book clubs, to lead
workshops, and to give talks started pouring in. Teachers had questions. They assumed
I had all the answers.

At the same time, school districts, divisions, and boards the world over began
systematically supporting teachers in their pursuit to implement thinking classrooms.
Some did this on their own, using only the book and publicly available podcasts,
interviews, and presentations I had given over the years. Others asked me to provide
workshops to their teachers—including a collection of school divisions in and around
Regina, Canada, whom I partnered with starting in the fall of 2021 to provide ongoing
workshops to groups of teachers wanting to implement the BTC practices. This is where
I met Kyle Webb.

Kyle was the Numeracy Learning Consultant for the Regina Catholic School Division
and worked hard to support teachers in their implementation of BTC in their
K-12 classrooms. In this work, Kyle spent years walking alongside teachers as they
implemented the 14 BTC practices. He taught and cotaught countless lessons and gave
numerous workshops within his school division and beyond.

Across these many interactions, one of the questions we encountered the most was,
“Where can we get more tasks?” The Building Thinking Classrooms in Mathematics
book had some, and it referenced where teachers could find additional tasks. But
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teachers wanted more. And until now, our response to this has been “No you don’t.
We are drowning in tasks. Our textbooks are full of them and tasks are posted on
twitter and Facebook in droves. Kyle, together with Maegan Giroux, had complied a
further 800+ tasks (https://tasks.kylewebb.ca/). In fact, if we do a Google search for
“problem of the day” we get 7 trillion hits. We do not need more tasks. And yet the
requests kept coming.

After some time, we began to realize that the request for more tasks was not to be taken
literally—it was a proxy. Teachers weren't asking where they could get more tasks. They
were asking

|. where they could find more good tasks—tasks that had been tested in
classrooms, with real students, and had been shown to work;

2. where they could find tasks that could help them build their own thinking
classroom;

3. where they could find tasks that address specific curriculum outcomes or
standards; and

4. where they could learn how to implement specific tasks to ensure they were
successful.

That’s what this book is about—tasks. Lots of tasks—tasks that have been tested in
diverse classrooms with real students and have been shown to be effective at shifting
student engagement, transforming student thinking and learning behavior, and pro-
moting learning of specific curricular outcomes and standards. Lots of tasks—but not
so many that you have difficulty deciding which ones to choose.

...............................

What this book

is really about is

how to use these

tasks to achieve

the pedagogical

goals of BTC and the

curricular goals set
by your jurisdiction.

Here’s the thing, though—tasks are inert and incapable of achieving any
of these goals on their own. They need pedagogy to bring them to life.
So, although this book is ostensibly about tasks, what this book is really
about is how to use these tasks to achieve the pedagogical goals of BTC
and the curricular goals set by your jurisdiction. As such, this book also
offers a deep dive into several of the BTC practices and discusses how
to use these practices to breathe life into each of the tasks in this book.
At the same time, these tasks also become the context through which we
can work on enhancing our familiarity and competency with these BTC
practices.

WHo IS THIS Book FoR?

This book has been written for five distinct, but related, audiences. First, this book is
for the teacher who has read Building Thinking Classrooms in Mathematics: 14 Teaching
Practices for Enhancing Learning, has used the macro- and micro-moves detailed in
each chapter to build their own thinking classroom and is now looking for more tasks
to feed their thinking classroom. Second, this book is for the teacher who has read the
BTC book, has not yet begun to implement the BTC practices in their classroom, but is
looking for more tasks in anticipation of doing so.

...............................
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If you have read the main BTC book, you are aware that it contains very good tasks for
building and maintaining your thinking classroom. And if you have been following
the BTC movement through social media you may also be aware that, although the
tasks in the main BTC book are good, these are now tasks that are “out there,” and
many students have already seen them. This was unlikely when the BTC book was
tirst released in 2020, but as BTC has become more and more popular, there is greater
likelihood that your students have previously been in a thinking classroom in some
shape or form, and there is greater likelihood that they have been exposed to the
tasks in the BTC book. Maybe last year’s teacher used them in an effort to build
their thinking classroom. Or maybe, you were last year’s teacher, and you have, for
example, shifted from teaching grade 7 to grade 8 or from teaching in Algebra II
class to a precalculus AP class. Regardless, tasks like The Tax Collector (BTC, p. 107),
Gold Chain (BTG, p. 81), and Country Road (BTC, p. 228) have become very popular
among grades 6 through 12 teachers and are being used in classrooms all over the
world—whether in a thinking classroom or not. More good tasks are needed for you
to build and sustain your thinking classroom. If this is what you are looking for, then
this book is for you.

The third audience, like the first two, is teachers who have read the BTC book
and used the macro- and micro-moves detailed in each chapter to build their own
thinking classroom. Unlike the first two audiences, however, they are looking
not for more tasks—although more tasks are nice—but for more ideas on how
to implement the BTC practices, including how to implement curricular tasks,
more examples of thin-slicing, more examples of consolidation, more ideas for
check-your-understanding (CYU) questions, and more in-depth information on
implementing meaningful notes.

Although the BTC book was published in 2020, the ideas that are in it were, so to
say, locked in in 2019. Since that time, the research on BTC has not stood still. I
have continued to work in classrooms with real teachers and real students. And
new practices have emerged. These practices are mostly in the form of micro-
moves—important moves that are proving to make the macro-moves easier to
implement and more effective in engaging students in thinking. Some of these
new practices are in this book. If this is what you are looking for, then this book
is also for you.

The fourth audience is the teachers who may know little to nothing about thinking
classrooms, have not read the BTC book, but who have been working on crafting a
student-centered, problem-based classroom and are in search of good tasks. If this
is what you are looking for, then this book is also for you. However, you will find
more than what you were looking for as each of the tasks in this book is wrapped in
BTC practices that may help you to be more successful in achieving your goals and
may move you to want to learn more about Building Thinking Classrooms.

Finally, this book is also for the “middle children” (Vardabasso, 2023) of education—
the consultants, coaches, coordinators, numeracy leads, and so on. It is for those
who are not teachers but work with teachers, and, as such, are in need of tasks they
can use to introduce and showcase the best and most authentic picture of a thinking
classroom.
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STRU(TURE of THE BookK

To be able to address each of the five aforementioned audiences, this book contains
four parts:

e Part 1: BTC Practices: In Review and in the New
e Part 2: Non-Curricular Tasks
e Part 3: Curricular Tasks

e Part 4: From Page to Practice

Part 1: BTC Practices—In Review and in the New

Part 1 of the book provides a brief review of the eight BTC practices that are most
relevant to the use of tasks:

|. What Kinds of Tasks to Use (BTC, Chapter 1),

How, When, and Where to Give Tasks (BTC, Chapter 6),

How to Build and Utilize Student Autonomy (BTC, Chapter 8),

How to Use Hints and Extensions to Maintain Flow (BTC, Chapter 9),
How to Consolidate the Task(s) (BTC, Chapter 10),

How to Have Students Make Meaningful Notes (BTC, Chapter 11),

N

How to Have Students do Check-Your-Understanding Questions
(BTC, Chapter 7), and

8. How to Use Tasks as The Context to Improve Student Competencies
(BTC, Chapter 12).

Each chapter culminates with answers to some frequently asked questions (FAQ’). Part 1
of the book ends with a chapter on how to pull all these practices together into a lesson—
What Does a Lesson Look Like in a Thinking Classroom (BTC, Chapter 15).

Part 1 is both more and less than what the corresponding chapters in the BTC book offer.
More, because it offers new research results leading to new nuances and insights in some of
these practices. Less, because, new insights aside, it is still just a review. To get a full depth
of understanding of each of these practices you really need to have read the corresponding
chapters in the primary BTC book. Regardless, what Part 1 does is set you up to best be able
to extract the full affordances that each of the tasks in Parts 2 and 3 of the book have to offer.

Part 2: Non-Curricular Thinking Tasks

Part 2 is a collection of 20 non-curricular tasks, each of which goes way beyond just
the task. Each task begins with a statement of the task in its simplest form followed by
five specific indicators that will help you quickly select which non-curricular tasks are
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right for you and your students at this specific point in your journey to build a thinking
classroom:

e Grades—what grade level(s) is the task appropriate for

e Content Potential —what mathematics topics may students encounter while
solving this task

e Perseverance Scales—how much perseverance will the students need to solve
this task for a variety of suitable grades

e Macro-moves—which of the BTC 14 practices are specifically supported by
the task

e Competencies—what student competencies can be introduced and/or
enhanced by engaging in this task

After these indicators comes the actual task presented in a comprehensive format that
will help you launch, facilitate, and consolidate the task.

2612 TASK I: How MANY TIMES?

TASK

Take a 2-digit number. Multiply its digits together. If the result is a 2-digit
number, repeat this process until you get a one-digit number. Which number
will allow this process to go on the most times?

.................................................................................................

Grades: 6-8

i Content Potential: multiplication

. Perseverance Scale: Grade Level 6 7 3

Perseverance Level 1 1

. Macro-moves: answer only keep thinking questions, mobilizing knowledge

: Competencies: organization, pattern spotting

S Source: Adapted from Sloane (1973).

.
.................................................................................................

This includes:

e Launch Script—a detailed script on how to launch the task with your students

e Creating Access—a set of notes about how to create access to the task for
different grade or ability levels
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e Extension Script—a detailed script on how to extend groups when they have
solved the original, and subsequent, problems

e Author Solution(s)—a discussion of the ideas central to the solution of the task
e Student Solutions—a set of possible student solutions.

e Suggested Hints—also accompanying the solutions is a set of hints that can be
used to help move students from one solution to another

e Consolidation—a discussion of what is critical to pull out of the solutions
during consolidation as well as, embedded within the sequence of student
solutions, the order in which the task can be consolidated with key solution
elements highlighted

e Check-Your-Understanding Questions—new types of CYU questions
(discussed in Part 1 of the book) that can be used to help students assess and
consolidate their individual understanding from the task

e Author Notes—helpful comments, suggestions, tips, and tricks about the
launch, facilitation, and consolidation of the task gleaned from multiple
experiences using the task with students

e Notes to My Future Forgetful Self—a space for you to add your own helpful
comments, suggestions, tips, and tricks about the launch, facilitation, and
consolidation of the task gleaned from your own experiences using the task
with your students

Taken together, these tasks provide you with the comprehensive information you need
regardless of why you are reading this book. Whether you are just looking for good
tasks, more tasks for your BTC classroom, or wanting to refine and enhance your BTC
teaching practices, the detailed presentation of each task will give you what you need.
And if you want more tasks, Part 4 of the book provides a catalogue listing resources for
more tasks along with access to a task template for you to explore and build out your
own indicators for use.

Part 3: Curricular Thinking Tasks

Part 3 is a collection of 30 curricular tasks. Each of these is built out from an initial
question into a sequence of questions that get progressively more challenging as
students abilities increase (called thin-slicing). Unlike non-curricular tasks, however,
by the time you get to these curricular tasks, there is an assumption that most of the
BTC practices are well established within your classroom norms and routines. As such,
the focus on curricular tasks is less on how we teach (BTC practices) and more on what
we teach (content and competencies). This is not to say that you should stop working
on the BTC practices. These take months for both you and your students to become
proficient and comfortable with. But in this part of the book, the focus is more on
the content.

To this end, in order to help you decide whether the content of a particular task is
appropriate for you and your students, each task begins with a brief description of what
the task sequence is. This is followed by four salient indicators to help you locate the
task sequence within your curriculum and your progress in a thinking classroom:
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e Content—the mathematics topics the task covers

e Competencies—which student competencies can be introduced and/or
enhanced by engaging in this task sequence

e Seen Before—a list of topics that students have previously seen

e Before You Launch—tips to be aware of before you launch

After the content and competency indicators comes the actual task sequence presented
in a format that will help you launch, facilitate, and consolidate the sequence:

e Launch Script—a detailed script on how to launch the task with your students

e Task Sequence—a list, broken into types, of progressively more challenging
questions (thin-sliced questions) that the students can move through within
one lesson or concept

e Hints—occasional hints that can be used to help move students’ thinking as
you move them from one type of question to another

e Consolidation Tasks—a set of three tasks that can be used to facilitate a new
type of consolidation (discussed in Part 1 of the book) specific to these types of
(thin-sliced) curricular tasks

e Student Notes to Their Future Forgetful Self—a new template (discussed in
Part 1 of the book) for having students make meaningful notes as a way to
organize their thinking from the activity as well as to create a record of this
thinking

e Check-Your-Understanding Questions—the task concludes with a new
format of related CYU questions (discussed in Part 1 of the book) that can be
used to help students assess and consolidate their individual understanding
from the task

e Author Notes—helpful comments, suggestions, tips, and tricks about the
launch, facilitation, and consolidation of the task gleaned from multiple
experiences using the task with students

e Notes to My Future Forgetful Self—a space for you to add your own helpful
comments, suggestions, tips, and tricks about the launch, facilitation, and
consolidation of the task gleaned from their own experiences using the task
with their students

Although each of these curricular tasks can be used to take students through specitic
topics across a wide range of grades and curricula, this list is not comprehensive. That
is, there is no grade or curricula that is entirely covered by these 30 examples. This
means that you are going to have to start making your own (thin-sliced) sequences—
either from scratch or from existing resources—of tasks to use with students on topics
that you teach. Part 4 of the book will provide you with help to do this.

Part 4: From Page to Practice

Part 4 is going to help you move beyond the book and shows you where else you can
find good tasks—both curricular and non-curricular. More importantly, Part 4 will
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teach you how to make your own thin-sliced sequences of curricular tasks. This part of
the book is broken into five sections:

e  Where to Find More Tasks

e How to Thin-Slice from Scratch

e How to Thin-Slice Existing Curriculum Resources
e How to Thin-Slice Word Problems

e How to Thick-Slice

Each of these sections is about finding and/or making tasks for the thinking
classroom—both curricular and non-curricular. Each section ends by providing you
with task templates into which you can embed your work to build a living archive of
tasks for your—and other’s—thinking classroom(s).

How To READ THIS Book

Who you are will determine, to a great extent, how you should read this book. Regardless,
we urge all of you to read Part 1. Whether you are new to BTC or a seasoned user, there
are new things in Part 1 that you need to understand to make sense of Parts 2 and 3.

If you are just beginning, go to Part 2, which contains all the non-curricular tasks you
need to build a culture of thinking in your classroom. The indicators at the beginning
of each task will help you decide which tasks are appropriate for your students. Keep
in mind that these indicators are only a guide and you need to reflect realistically
about where you and your students are in your journey to build a thinking classroom.
Also keep in mind that your class is not a homogeneous collection of students all in
possession of the same interests, curiosities, and prerequisite abilities. When in doubt,
start easier and allow the class as a whole to show you what they are capable of and
ready for. Once you have done four to six non-curricular tasks with your students move
onto Part 3.

If you already have a culture of thinking or have just recently developed one, then Part 2
still has value to you—ijust not right now. But it will be useful at the start of a new school
year when you need to build up a culture of thinking anew, or when your already thinking
students come back from an extended break and they need to be re-immersed into a
culture of thinking. For the time being, however, you may want to jump to Part 3.

As in Part 2, the indicators in Part 3 will help you to find appropriate thin-sliced
sequences of questions for your students. There are 30 tasks spread across seven grades,
which means that, although you will for sure find curricular thin-sliced tasks you can
use in your lesson you will not find nearly enough to sustain you for an entire school
year, but that is the point. These are designed to be examples to give you models for
then making your own. This is what Part 4 of the book is for. But before you jump
to Part 4, we urge you to examine each of the 30 curricular thinking task sequences.
There are patterns in these tasks that will help make Part 4 make sense. In fact, we are
confident that if you do examine each of the 30 curricular tasks and the patterns within
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the structures of the task you will be able to build your own curricular task sequences
without too much help from Part 4.

Once you have looked at all of the curricular task sequences, go to Part 4 for resources
for additional non-curricular tasks and helpful tips on how to build your own curricular
task sequences. Here you will come to see that thin-slicing is really is not as difficult
as you might have imagined, and you will quickly realize that you have the knowledge
and the ability to sustain your thinking classroom through a whole year of curriculum.

In the meantime, enjoy the journey to building, sustaining, and leveraging your own
thinking classroom. It will re-invigorate you as a teacher and you will find joy in
watching students think, make meaning, and learn.

Peter Liljedahl & Kyle Webb
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PART 1

BT( PRACTI(ES: IN REVIEW
AND IN THE NEw

| have been a math educator for about twenty years
and Building Thinking Classrooms in Mathematics
by Peter Liljedahl has more potential to improve the
way we teach mathematics than any other book |
have ever read. These are not words | say lightly.

This book is an absolute game-changer for all
math educators and everyone needs to read it.

—Robert Kaplinsky
Author of Open Middle Math:
Problems That Unlock Student thinking, Grades 6-12
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hen the main Building Thinking Classrooms in Mathematics book (hereafter

referred to as the BTC book or the main BTC book) was published, it contained
the results of 15 years of research with over 400 teachers and the results of thousands
of micro-experiments around what works in real classrooms to get students to think.
But this was not the culmination. The research continued. In this part of the book, we
summarize some of the results of this new research as well as the original research to
bring you, the reader, up to speed on the practices that are relevant to Parts 2 and 3 of
this book.

As mentioned in the introduction, this summary is both less than and more than the
details in the main BTC book. It is less than in that this is, to some degree, a summary.
As such, we do not go into all 14 of the BTC practices and for the eight that we do go
into, we do not go into the same level of detail that the main BTC book does. We do not
visit or revisit the FAQs that are in the main BTC book. So, as you read Part 1 of this
book and you find yourself with questions or you find yourself saying, “Yeah, but . ..
we strongly urge you to read, or reread, the relevant chapters in the original BTC book.

At the same time, this summary is more than the original book in that it presents
exciting new results around consolidation (BTC, Chapter 10), meaningful notes (BTC,
Chapter 11), and check-your-understanding questions (BTC, Chapter 7). Some of these
results are relevant to both non-curricular tasks (Part 2 of this book) and curricular
tasks (Part 3 of this book). Others are relevant to only curricular tasks. But these new
results are built on the same foundational realizations that are presented in the original
BTC book and are subject to the same FAQs. So, as you read about these new results, if
you find yourself with questions or saying, “Yeah, but . . .,” we again urge you to read,
or reread, the relevant chapters in the original BTC book.

With that in mind, in what follows is a summary of the eight BTC practices and one
lesson framework that are most relevant to this book with its focus on tasks:

What kinds of tasks to use (BTC, Chapter 1),

How, when, and where to give tasks (BTC, Chapter 6),

How to build and utilize student autonomy (BTC, Chapter 8),

How to use hints and extensions to maintain flow (BTC, Chapter 9),
How to consolidate the task(s) (BTC, Chapter 10),

How to have students make meaningful notes (BTC, Chapter 11),

How to use check-your-understanding questions (BTC, Chapter 7),

i T A

How to use tasks as the context to improve student competencies (BTC,
Chapter 12), and

9. What does a lesson look like in a thinking classroom (BTC, Chapter 15).

Missing from this list are summaries of the original BTC book’s Chapter 2 (how we form
collaborative groups—frequent visibly random groups) and Chapter 3 (where students
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work—vertical non-permanent surface). In this book we are taking as shared that we
should be using visibly random groups and that students should be working at vertical
non-permanent surfaces (VNPSs) every lesson. Nothing has changed with respect to
these practices. They are cornerstones of BTC, and all other practices are built on the
foundation that they anchor. If you are not familiar with these, we suggest you read, or
reread, chapters 2 and 3 in the main BTC book.

SRR P P RERE: . Thesameis true for BTC Chapter 4 (how we arrange furniture—we defront

Students don't listen : the classroom) and Chapter 5 (how we answer question—only answer keep
to what we say. They © thinking questions). Like with random groups and vertical surfaces, these
listen to what we do. : are practices that are vital to the building and sustaining of a thinking

e iiieiiiiiiiiiiiiiiiiei....o classroom and are not to be disregarded. Students don't listen to what
we say. They listen to what we do. And holding onto the aesthetics of an
overly organized classroom tells students that perfection is what matters. Thinking is
not perfect. It is full of errors and wrong turns. And it is messy. A defronted classroom
tells students that this is OK. Likewise, not answering students’ proximity and stop
thinking questions tells students that you have confidence in them—that they are all
capable and all equal. Students listen to what we do. The principles of chapters 4 and 5
are not dispensable. If you have further questions about these, we suggest you read, or
reread, chapters 4 and 5 in the main BTC book.

Also omitted are summaries of chapters 13 and 14 on formative and summative
assessment of content, respectively. Like with the other chapters, these are important
practices and are not dispensable. But, they are different. Unlike the rest of the
practices in the main BTC book, formative and summative assessment have way more
institutional constraints on them. How you assess can be dictated by outside forces. This
is not true of how you form groups or how you answer questions. Further, assessment
is a practice that occupies time at the scale of the unit. The other practices in the main
BTC book occupy time at the scale of the lesson. This is not to say that assessment does
not happen in the context of a lesson, but not every lesson. The focus of this book is on
the lesson and as such, we have not woven assessment of content into it. Having said
that, we still review and use rubrics for the assessment and development of student
behaviors (BTC, Chapter 12). Unlike assessment of content, assessment of behaviors
can happen in every lesson.

Having discussed what is not included in this book, what follows is a review of the eight
practices and a lesson framework that are particularly relevant to the use of tasks—at the
lesson level. Importantly, these reviews include some critical evolutions, updates, and
nuances about these particular practices that are important to consider when getting
students to think about mathematics using both non-curricular and curricular tasks.
At the end of each short chapter, you will also find answers to the most Frequently-
Asked-Questions (FAQs) we get from educators as well as some questions for you to
think about.
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(HAPTER |

WHAT KINDS oF TASKS To VSE

f we want our students to think, we need to give them something to think about. And

that something is a task. This seems obvious—maybe too obvious. But there is irony
in this obviousness. There has been a huge movement in mathematics education for the
last 30 years to make and find the ideal tasks. Much of this movement is predicated on
the assumption that a good task will solve all our issues in math education—that what
is missing are good tasks. It is very easy to get swept up in this idea. In fact, you may
recall from the main BTC book, Peter’s first encounter with Jane was around this very
issue—good tasks. Jane wanted to introduce problem solving to her students and she
assumed that all she needed was good tasks. Peter’s response was to provide her with
good tasks. The ensuing disastrous lessons proved that good tasks were not enough to
get students to think—we need other things as well, and the main BTC book and the
remainder of Part 1 of this book are all about what these other things are. But, we still
need good tasks. While insufficient on its own, a good task is a necessary condition for
building a thinking classroom. In what follows, we look closer at three elements of what
helps make a task a good thinking task and what can enhance their use, including:

|. Hallmarks of a good thinking task
2. Manipulatives as support for thinking tasks

3. The use of technology with thinking tasks

HALLMARKS oF A 4ooD THINKING TASK

So, what makes a good task? It turns out there are three distinct qualities that make a
mathematical task a good thinking task:

|. it hasalow floor,
2. it has a high ceiling, and

5 . it is novel.

Again, this may sound obvious, but there are some important things to understand
about these traits. First, a good task has a low floor (Papert, 1980)—a way for every
student to be able to start. This is incredibly important. But why? Every jurisdiction
that we have worked in in the last many years is striving to achieve equity within and

CHAPTER 1 I WHAT KINDS OF TASKS TO USE 17

Copyrighted Material, www.corwin.com. Not intended for distribution.
For promotional review or evaluation purposes only. Do not distribute, share, or upload to any large language model or data repository.



through education. But what does this mean? How does this affect teachers’ day-to-day
practice? When we talk to teachers about this, they have a difficult time articulating
what they are meant to be doing differently in their classroom and they often default
to saying things like “making things equal,” “inclusion,” and “this is important.” It is

important.
seeeeeseecaetittittiotattants . The reason they are having difficulty is because equity is a goal and
Equity is what we equity is an outcome—but the day-to-day work of achieving the
want to achieve. . outcome of equity lies in creating access. Equity is what we want
Creating access is to achieve. Creating access is one of the ways we achieve it. This is
one of the ways we something that is much easier for teachers to think about as they plan
achieve it. . and execute their day-to-day teaching. “How can I create access for my
e ieiieiiiieiiiiie.i........ students?” is a question teachers can answer. And this is why a good

task needs to have a low floor. It creates access. To do otherwise would
exclude some students in the classroom—it would make mathematics inaccessible.
And inequitable.

Having a low-floor doesn’t mean that the task should be trivial. The second trait of a
good task is that it also has a high ceiling (Papert, 1980)—meaning that everyone will
meet challenge at some point in the task. When and where this happens
is dependent on the student, their past experience, and their prior
knowledge, but everyone needs to meet some level of challenge at some
point in the task. It is through challenge that thinking is really unlocked.
It is in the moments when we are stuck that we think. Thinking is what we
do when we don’t know what to do. And by thinking through being stuck
students will learn to persist, to fail and try again, and they will learn something about
themselves and about mathematics.

...............................

Thinking is what we
do when we don't
know what to do.

...............................

There is a strong correlation between the thinking that occurs when we are stuck and
the idea of productive struggle (SanGiovanni et al., 2020), which can be loosely defined
as the willingness to persist through challenge and to keep trying even when progress
is stalled. The work on Building Thinking Classrooms has shown that productive
struggle is more of a state than it is a trait. Certainly, some students are more persistent
than others, but even the most persistent student will give up under the wrong

circumstances and even the most vulnerable student will persist under

...............................

the right circumstances. But what are the right circumstances? When a

Early success - student meets challenge on the heels of success, they are more likely to

is key to later ©enter into a state of productive struggle—to persist, to endure, and to

perseverance and eventually overcome. If students meet challenge without prior success,

productive struggle. :  or worse—on the heels of failure, they are more likely to give up. Early
Ferereseeeseseienn s guccess is key to later perseverance and productive struggle.

This further justifies the need for a good thinking task to have both a low floor and a
high ceiling. The low floor not only ensures access; it also creates opportunities for early
success. And the high ceiling creates the opportunity for productive struggle.

The third quality of a good thinking task is novelty—it has to be something that the
students have not seen before. This is because thinking is what we do when we don't
know what to do. If we know what to do, we just do it—we mimic. Novelty ensures that
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the students can’t mimic. It also ensures that, at some level and in some way, they will
get stuck. And that is when they will think. They will try and they will fail and then they
will try again. And then they will get unstuck. And when they do, they will learn. They
will learn about mathematics, they will learn about themselves, and they will learn how

to think. Along the way, they will also learn that being stuck is not a bad thing, it is just

part of mathematics.

Teacher:
Student:
Teacher:

Student:

So, what’s going on.
We're stuck.
So, what happens now?

We try to get unstuck.

This is not to say that all of this—low floor, high ceiling, and novelty—needs to be
achieved within one big meaty task. By and large, most good thinking tasks are actually
composed of a series of smaller tasks that get progressively more challenging. This
progression allows for both a low floor and a high ceiling and ensures that novelty

can be achieved, even if the initial task may be familiar to the students. This will be

discussed more in Chapter 4 and is the basis of all of the non-curricular and curricular
thinking tasks in Part 2 and Part 3, respectively, of this book.

Because of the diversity of the classrooms in which we teach, even the richest tasks need
extensions. Consider, for example, the following Open Middle task (Kaplinsky, 2019)
intended for grade 7-10 students:

H

e ec00c00c00c00000000000000000

Using the digits 1 to 9 at most one time each, place a digit in each box to create
an expression with the greatest possible value.

ecceccccccccccce

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000 eeccccccccceg

eeccccccsccccce

eccecce

This is a rich curricular task that has a low floor, high ceiling, and is likely novel to the
students. Some students may start with trial and error—just plugging in digits to see

if their new answer is more or less than their previous answer. Eventually, they may

arrive at the conclusion that they need to make the numerator as large as possible

and the denominator as small as possible. If they think about the denominator first,
it is pretty clear that the smallest value can be arrived at if they use the digits 1-4 in
some combination. But what is the correct combination? The students will eventually

discover that the smallest denominator is 8 and is achieved from 1* x 2° = 8. They
may also discover that there are lots of ways to get 8 by varying the exponent on the
first term (1*=1°=1°=...=1).
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...............................

Making the numerator as large as possible is not quite as simple.

One of the main . If students realize that to get the largest numerator, they will need
tenants of a thinking  to use the digits 6-9 in some combination, then they are off to a
classroomisthat  : good start. But what is the biggest combination? Which is larger,

no one ever gets - 82 x 7°or 9° x 872 With the help of a calculator, they can find out. And

: to be done. - along the way, they may discover there are only a total of 12 ways to
feeeiiiiiiiiiaiaiiiieieeen combine 6-9 to make a numerator, each of which can be calculated and

compared with the others. But, they may also discover that 8° > 9% and
that this turns out to be true for any combination of two digits from 6 to 9. That is,
6° > 9°and so on.

After enough exploration and discovery, the students will discover that the largest
numerator can be achieved from 6° x 7° and that the largest ration can be achieved from

68 x 79
14 x 23

One of the main tenants of a thinking classroom is that no one ever gets to be done. We
will talk more about this throughout Part 1. In the meantime, for students who “finish”
we give them an extension:

H

©0000000000000000000000000000000000000000000000000000000000000000000 0000000000000 00000000000000

o

Using the digits 1 to 9 at most one time each, place a digit in each box to create
an expression with a value as close to 1 as possible.

o xo” _
o~ xo-

©00000000000000000000000000000000000000000000000000000000000000 ®0cc00c00000000000000000000000 00

weeessccecccscsssccccccssscccccns
$ecccccccccccccccccscccccccccce

It doesn’t matter how rich the original task is. All tasks need extensions—something
that requires the students to do more thinking, to persist longer, and to keep struggling.
And they will. The success on the first tasks makes it more likely that they will enter
into a state of productive struggle on the next one. And so on. As such, all the tasks in
this book contain extensions.

MANIPVLATIVES AS SUPPORT
FoR THINKING TASKS

Another facet of good thinking tasks worth exploring are those that can be brought to
life through manipulatives. Manipulatives are central to the teaching and learning of
mathematics.
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The evidence indicates, in short, that manipulatives can provide valuable
support for student learning when teachers interact over time with the students
to help them build links between the object, the symbol, and the mathematical
idea both represent.

(National Research Council, 2001, p. 354)

This is true from kindergarten to grade 12. And this truth is not diminished in a
thinking classroom where manipulatives should be just as ubiquitous as they are in
any other math classroom. In fact, in a thinking classroom, the thinking tasks we use
are sometimes inseparable from manipulatives. Whether we are using integer disks,
fraction disks, fraction strips, algebra tiles, balance scales, mobiles, or 3D shapes,
manipulatives support students’ development of rational numbers, algebraic think-
ing, and shape. With respect to thinking tasks, manipulatives serve three distinct
purposes:

|. Students think about the manipulatives.
2. Students think with the manipulatives.

3. Students represent their thinking with manipulatives.
Sometimes the manipulative is the context from which our tasks emerge. For example,

consider dice (see Figure 1.1) and the following tasks:

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
.

Figure 11 | Dice

What patterns do you notice about the
0 O way numbers are placed on a dice?

l.

2. Take 6 dice, shake them in your hand,
and then stack them one on top of

3.

each other. Is there a quick way to find
the sum of all the visible faces? Is there
a quick way to find the sum of all the
invisible faces?

Given what you noticed about how
numbers are placed on a dice, are

all dice the same? That is, how many
different dice can you make while
adhering to this rule about how
numbers need to be placed on a dice?

P X

$00000000000000000000000000000000000000000000000000000000

.
00 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

These three tasks emerge out of the manipulatives themselves—they are thinking about
the manipulatives.

Alternatively, they might use manipulatives to solve a task. For example, students might
use Algebra Tiles (see Figure 1.2) to solve tasks such as
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Figure 1.2 | Algebra Tiles

l. X+2)(x+3)=
“H 2. (x+4)(x-3)=
%I 3. (x-2x—4)=

. .D

D

© 00000000000000000000000000000000000000000000000000
©0000000000000000000000000000000000000000000000000

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

For these tasks, Algebra Tiles allow the students to use the area model with positive and
negative terms to multiply binomials—they are thinking with the manipulatives.

Avery particular form of thinking with manipulatives is for students to use manipulatives
to help them see what the task is asking. For example, cubes (see Figure 1.3) are a good
way to help students see the painted cube problem.

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Figure 1.3 | Painted cube

A3 x 3 x 3 cube is dipped in red paint
and then left to dry. Once dry, the
cube is taken apart into its 27 original
smaller cubes. How many of those
smaller cubes have red paint on

3 sides, 2 sides, 1 side, and 0 sides?

© 00000000000000000000000000000000000000000000000000
©0000000000000000000000000000000000000000000000000 o

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

If students have access to cubes, they can build the 3 x 3 x 3 shape to help them see what
is being asked. And the ability to take the 3 x 3 x 3 cube apart will help them to think
about what the task is asking—they are thinking with the manipulatives.

The third way in which manipulatives are used with tasks is to help students represent
and communicate their thinking. Solving tasks in groups requires copious amounts of
communication, negotiation, and persistence. It is sometimes difficult for students to make
themselves understood using only their words, and manipulatives can be used to mediate
this process. For example, a student who is having difficulty explaining why 4 x —3 is —12
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might grab some Integer Disks to show their group the —3 can be represented as 3 negative
disks. And 4 x =3 is just 4 groups of these 3 negative disks. Alternatively, a student who is
having difficulty explaining why an octahedron is a Platonic solid may grab two square
pyramids and put them base to base to show their groupmates that every vertex in an
octahedron has the same number of faces meeting at it. In each of these cases, the student
is not using manipulatives to think with—they have already done the thinking. Instead,
they are using manipulatives to help their groupmates understand what they are trying to
communicate—they are helping their groupmates to think with the manipulatives.

Regardless of the use, however, it is important that students have either explicit or
implicit access to the manipulatives. Explicit access is where you, as the teacher, decree
that they are to use the manipulatives, and maybe even use them in a specific way. Explicit
access to manipulatives is needed when students are solving tasks that require them to
think about the manipulative—like the previous Algebra Tiles tasks. Implicit access
means, most often, that there are several different manipulatives available to students
should they need them. Students who want to use manipulatives to communicate
their thinking—like the previous integer or 3D-shape tasks—would then select which
ones they want and go get them. To think with manipulatives—like the painted cube
example—students can have either explicit or implicit access to manipulatives.

Whichever purpose manipulatives are being used for, it is important to remember
that manipulatives are only one form of mathematical representation—one of five
representations as seen in the Lesh Translation Model (Lesh et al., 1987):

|. Manipulatives
Pictures

Written symbols

2.

3.

4. Verbal symbols
§. Real life situations

It is important that what students learn is how to translate between these different rep-
resentations. One of the best ways to ensure that translation between these five forms of
mathematical representation is to make sure that they are doing more than one at the same
time. This means that while they are manipulating, we also need them to be talking and
drawing and writing. A thinking task gives students something to talk about and visibly
random groups give students someone to talk with. But where is the best workspace when
students are using manipulatives? Traditionally, this kind of work, along with most student
work, has been done with students sitting at their desks. BTC showed us that working on a
task with the powerful effect of VNPSs was far superior to this and that turns out to be true
when incorporating manipulatives as well. This is most easily achieved by having a group
manipulate on the floor next to a VNPS (see A in Figure 1.4), on a ledge or shelf at the
VNPS (see B in Figure 1.4), or on a desk or table pulled close to a VNPS (Figure 1.5). The
manipulatives give the students models to think about, think with, and communicate with
while the VNPS provides a workspace that has been proven to create better engagement,
enthusiasm, perseverance, knowledge mobility, time on task—and thinking. Together they
work to help students translate between representations.
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Figure 1.4 | Manipulatives on the floor and on a ledge

Credit: Alex Overwijk, 2017

Figure 1.5 | Manipulatives on a desk near a VNPS

Credit: Alex Overwijk, 2017
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There will be a temptation to have students work with manipulatives while sitting in
their desks. Do not give into this temptation. Even if you have them working on a
horizontal non-permanent surface like a whiteboard laying on a table or an erasable
desk, the students are sitting. And when they are sitting, they feel anonymous, and they
will disengage faster than if they are standing.

THE USE oF TE(HNolLogY
WITH THINKING TASKS

As with manipulatives, technology should be ubiquitous within a thinking classroom.
And as with manipulatives, there are three main uses of technology in a thinking
classroom. Whether we are using calculators, Desmos, Geogebra, Polypad, or Scratch
students use technology as

|. acomputational tool
2. an exploratory tool, or

3. acoding tool.

The first of these involves students using technology to calculate results for expres-
sions, to plot data, or to measure a geometric figure, all for the purposes of computing
something. In the research, we have found that for tasks that require computation, one
device—preferably handheld—in each group is sufficient. This promotes collaboration
in the same way that one marker per VNPS promotes collaboration. If everyone had
their own marker and/or their own device, students would drift away from each other
rather than toward each other. We have also found that everything that goes into the
device and comes out of the device must be written on the VNPS. The reason for this
is twofold. First, students often make mistakes when keying something into a device.
Writing down what they key in as well as the result that the technology gives makes it
easier to spot input errors. Second, the person with the device can become separated
from the group as they begin to do their own thing. By having the group, as a whole,
decide what goes into the device, the technology becomes a communal tool rather than
a tool that only one person uses.

Technology can also be an exploratory tool. For example, students can explore what
happens to

e the graph of a parabola as they change the coefficients of a quadratic;

e the line segments connecting adjacent midpoints of the sides of a quadrilateral
as they change the quadrilateral; and

e the mean, the median, and the mode as they change numbers in a data set.
All of these activities require students to work in a cycle of observing, conjecturing, and

testing and technology provides them both with outcomes to think about and a tool to
test conjectures. Like with technology as a computational tool, this works best when
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there is one device per group. And, although there is too much happening to record
everything they do on the VNPS, this works best if they, at least, record their conjec-
tures and the results of these conjectures. Having multiple data points on the VNPS is
what will allow them to begin to see patterns.

Finally, technology can be used as a coding tool. Whether students are telling a turtle
where they want it to go, programming a robot, directing a programmable car, or writing
code to get a computer to complete some task, the technology is inseparable from the
task—they are thinking about the technology. Coding, by its very nature, is exploratory.
This is how we learn new functionality and how we debug our code, and both are
achieved by making note of inputs and outputs. The difference between coding and the
exploration I've described is that, while exploration is often constrained to one or two
variables, coding is more comprehensive, requiring students to bring together multiple
routines. The other difference is that coding is rarely done on handheld devices but on
laptops and, as such, is difficult to do solely at a VNPS. In the research, we found that
what worked best for coding was that students work in groups of two, have access both
to a VNPS and a desk or table where they can sit, and have one device for every group.
VNPSs can be used to plan out their code and to record some of their explorations.

It is important to remember that technology, like manipulatives do not make a task
good. A bad task with manipulatives is still a bad task. Likewise, it doesn’t matter
how good the animations are or how many badges you get, technology does not
make a bad task good. For a task to be good, it will still need to have a low floor,
high ceiling, and novelty. In Chapter 4, we share how to achieve this through a
sequence of tasks.

'EAQ

o What is the difference between a rich task and a non-curricular task?

A rich task is any task that requires students to draw on a wide diversity of math-

ematical knowledge and to put this knowledge together in different ways in order

to solve the problem. If some of this diverse knowledge happens to map onto the
curriculum you are teaching, then the rich task can also be considered as a curricular
task—but only for those students who happen to use this curricular knowledge. For
students who do not, this rich task is a non-curricular task.

The similarity between non-curricular tasks and rich tasks lies not in what they are as
much as what they do—and what they both do well is engage. Consider the open mid-
dle task earlier in this chapter:
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Using the digits 1 to 9 at most one time each, place a digit in each box to create
an expression with the greatest possible value.

eecccccccccce
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For a grade 8 student learning how to operate with exponents, this is a curricular task.
For everyone else, this is a non-curricular task. Regardless, this is a rich task with the
potential to tap into a variety of different ways to think about and represent numbers, to
use exponents, and to think about how bases and exponents can be used to make large
and small numbers. And, for most, it is a highly engaging task that can be used in the
early days of building a thinking classroom.

o Are all manipulatives good?

Manipulatives are inert. They are neither good nor bad. What makes a manipulative

good or bad is how they are used and for what purpose. Manipulatives, at their core,

are a model to help mediate a connection between concrete and abstract ways of
learning. Manipulatives that can be used to do this well are good manipulatives in that
context and for that purpose. Algebra tiles are great at helping students multiply bino-
mials. Unifix cubes could not be used to achieve the same outcome to the same effect.
However, Unifix cubes are just as effective at helping students understand that 4 x -3 is
—12 as integer disks.

You use the word tool when talking about technology but not when talking about
manipulatives. Why is that?

a hammer will always be used to drive a nail, a calculator will always be used

to perform arithmetic with very large or very small numbers. A calculator is a
tool—you will always use it. Manipulatives are models. A model is useful for students
to get from point A to point B, but with time, they will move past them. Consider, for
example, Algebra Tiles. Algebra Tiles are great at helping students multiply binomials.
But a student will eventually move beyond the model and onto more symbolic ways of
doing this. Tools stay with us. As we acquire more abstract ways of thinking, we leave
our models behind us.

A For us, a tool is something that you will always use to achieve a task. Just like

CHAPTER 1 I WHAT KINDS OF TASKS TO USE 27

Copyrighted Material, www.corwin.com. Not intended for distribution.
For promotional review or evaluation purposes only. Do not distribute, share, or upload to any large language model or data repository.



If some members of a group are using manipulatives on the floor or a desk and one
member is standing at the board, won’t the group become fractured?

Yes—but only if there is no communication between group members. The same

can be said for having only one marker—one student is engaged in writing, the

other two are not. The fact that one is writing while others manipulate can drive
really good multi- and intra-representational conversation. But just like it is with one
marker, the roles should switch and switch frequently.

I don’t like using manipulatives because the students just play with them rather
than using them how I want. The same is true of technology. How do I prevent this?

Don’t prevent it. Trying to get students to not play is like trying to hold back the
A ocean with a broom. Know that whenever you give students a new manipulative

or a new technology, they need 20 minutes to get the yaya’s out. They need to play.
Let them. If you do not, they will anyways. But you can use this to your advantage. Let
them play and then vector that play as the means through which they become familiar
with the manipulative and/or technology.

You talk about the use of manipulatives as something they can think with. The
example you gave was blocks to help students think about the painted cube prob-
lem. Wouldn't they think more if we didn’t give them a manipulative?

Students are still thinking even with the manipulative. What they are not doing,
however, is visualizing. Visualizing is what we do when we don't have a visual.

If we have a visual, we tend not to visualize. So, if the type of thinking you want students
to do is visualize, then do not give them a visual—whether that comes in the form of a
manipulative or technology. To be clear, we are not saying to not use visuals. Use them.
And use them a lot. But recognize that if you want to develop the skill of

...............................

. e visualization, you need to withhold the visual from time to time.
Visualizing is what

we do when we don't

) Alternatively, when you do the painted cube task, for example, you can
have a visual.

show them a 3 x 3 x 3 cube. Use it to explain the task. And then put it
away. Then, while the students are working on the task at their white-
boards, you can carry the cube with you and let groups use it to explain their thinking.
But then you take it away. And if there is a group that is really struggling to visualize,
you would leave the cube with them for a while. In this fashion, you are using the

...............................

visual to support visualizing rather than replace visualizing.
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e Questions to Think About

5 !..‘
|. What in this chapter feels immediately correct?
2. What in this chapter challenges you?

3. Think about a task that you have used in the past that really
got students to think. Reflect on this task through the lens of
some of the things you learned in this chapter. What were the
things about the task that made it good?

4. In this chapter you learned about the different purposes
for manipulatives. Think about the last time you used
manipulatives in your classroom. Which purpose were you
using them for?

§- In this chapter you also learned about the three uses of
technology. Think about the last time you used technology in
your classroom. What were you using it for?

6. Think about a task that you think will be made better with
the use of manipulatives and/or technology. What is it about
this task that makes it so it will get better with the use of
manipulatives and/or technology?

}. Now think about a task that would not be made better with
the use of manipulatives and/or technology. What is it about
this task that makes it so it will not get better with the use of
manipulatives and/or technology?
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