friendly numbers in math

friendly numbers in math represent a fascinating concept that explores special
relationships between numbers based on their divisors and sums. These numbers, often
studied in number theory, reveal intriguing patterns and connections, such as amicable
pairs, perfect numbers, and sociable numbers. Understanding friendly numbers provides
insight into the structure of integers and their properties, making it a fundamental topic in
advanced mathematics. This article delves into the definition, history, and various types of
friendly numbers, highlighting their significance and applications. Readers will gain a
comprehensive understanding of how friendly numbers are identified, their
characteristics, and examples that illustrate their unique nature. The discussion also
covers related mathematical concepts and explores the role of friendly numbers in modern
mathematical research and problem-solving.
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Definition and Overview of Friendly Numbers

Friendly numbers in math refer to numbers that share a common property concerning
their divisors and the sums derived from them. Specifically, two or more numbers are
considered friendly if they belong to the same "friendly class," meaning their abundancy
ratios (the ratio of the sum of divisors to the number itself) are equal. This concept
generalizes the idea of amicable numbers and perfect numbers, providing a broader
framework for understanding relationships between integers. The study of friendly
numbers involves analyzing divisor functions and exploring how these ratios create
equivalence classes among natural numbers.

Understanding Abundancy Ratio

The abundancy ratio is key to defining friendly numbers in math. It is calculated by
dividing the sum of all positive divisors of a number (including the number itself) by the
number. For example, if the sum of divisors of a number n is denoted by o(n), then the
abundancy ratio is o(n)/n. Numbers with the same abundancy ratio belong to the same
friendly class, making this metric crucial for identifying friendly numbers.



Friendly Classes

Friendly classes group numbers with identical abundancy ratios. These classes can contain
two or more numbers, and every member shares the same divisor sum ratio. This
classification allows mathematicians to categorize numbers beyond traditional labels such
as perfect or amicable, enriching the understanding of numerical relationships.

Types of Friendly Numbers

Friendly numbers in math encompass several well-known subcategories, each with unique
properties and historical significance. The primary types include perfect numbers,
amicable numbers, and sociable numbers. These classifications illustrate different forms of
numerical "friendship"” based on divisor sums and their relationships.

Perfect Numbers

Perfect numbers are a classic example of friendly numbers. A perfect number equals the
sum of its proper divisors (excluding itself). For instance, 6 is perfect because its proper
divisors 1, 2, and 3 sum to 6. Perfect numbers have been studied since antiquity and are
closely related to Mersenne primes.

Amicable Numbers

Amicable numbers are pairs of numbers where each number is the sum of the proper
divisors of the other. One of the most famous pairs is (220, 284), discovered by the ancient
Greek mathematician Pythagoras. These pairs demonstrate a unique reciprocal
relationship and are a subset of friendly numbers due to their equal abundancy ratios.

Sociable Numbers

Sociable numbers extend the concept of amicable numbers to cycles longer than two. A set
of sociable numbers forms a closed loop in which each number is the sum of the proper
divisors of the previous number. These cycles can vary in length, with amicable numbers
representing the simplest two-member cycle.

Additional Friendly Number Examples

e 6, 28, 496, and 8128 (perfect numbers)
e 220 and 284 (amicable pair)

e 1264460, 1547860, 1727636 (sociable numbers forming a cycle)



Mathematical Properties and Characteristics

The study of friendly numbers in math involves exploring various mathematical properties,
including divisor functions, abundancy, and the behavior of these numbers under different
operations. These properties help identify friendly classes and deepen understanding of
number theory.

Divisor Function and Sum of Divisors

The divisor function, denoted as o(n), calculates the sum of all positive divisors of a
number n. This function is fundamental in determining the abundancy ratio and,
consequently, whether two numbers are friendly. The behavior of o(n) is multiplicative,
meaning o(mn) = o(m)o(n) if m and n are coprime, which aids in analyzing friendly
numbers.

Abundancy Index and Its Role

The abundancy index or ratio serves as a numerical measure to classify friendly numbers.
Numbers sharing the same abundancy index belong to the same friendly class. This
property enables the grouping of seemingly unrelated numbers based on a common
divisor-related characteristic.

Relationship with Other Number Classes

Friendly numbers intersect with other number classifications such as perfect, abundant,
and deficient numbers. For example, perfect numbers have an abundancy ratio of exactly
2, while abundant numbers exceed this value. Understanding these relationships enriches
the study of integer properties and divisibility.

Historical Background and Discoveries

The concept of friendly numbers in math has ancient origins, with roots tracing back to
early mathematicians who explored number relationships through divisor sums. Over
centuries, significant discoveries have expanded the understanding and classification of
these numbers.

Ancient Contributions

Early studies of perfect and amicable numbers date back to ancient Greece and Egypt.
Pythagoras and Euclid made notable contributions by identifying the first amicable pairs
and perfect numbers. These early mathematicians regarded such numbers as having
mystical or philosophical significance.



Medieval and Renaissance Developments

During the medieval period and Renaissance, mathematicians like Thabit ibn Qurra
further explored amicable numbers and developed formulas for generating them. The
study of friendly numbers grew with advances in algebra and number theory.

Modern Research

Modern computational methods have enabled the discovery of large amicable and sociable
numbers, expanding the known friendly classes dramatically. Contemporary
mathematicians continue to investigate the distribution, frequency, and properties of
friendly numbers using both theoretical and computational approaches.

Applications and Significance in Mathematics

Friendly numbers in math have both theoretical and practical applications, influencing
various areas of number theory, cryptography, and mathematical problem-solving. Their
study contributes to a deeper comprehension of integer properties and divisor functions.

Number Theory and Divisor Analysis

Friendly numbers provide insight into the behavior of divisor functions and integer
factorization. Research into their properties helps develop conjectures and theorems
related to divisibility, prime numbers, and integer sequences.

Cryptography and Security

While not directly used in cryptographic algorithms, the principles underlying friendly
numbers and divisor sums inform aspects of number theory that underpin cryptographic
systems, particularly those involving prime factorization and modular arithmetic.

Mathematical Curiosity and Education

Friendly numbers also serve as engaging examples in mathematical education, illustrating
abstract concepts such as divisor sums, equivalence classes, and number relationships.
They stimulate interest and further exploration among students and enthusiasts.

Summary of Applications

e Enhancing understanding of divisor functions

e Informing research in integer factorization



e Contributing to cryptographic theory foundations

e Serving as educational tools for number theory

Frequently Asked Questions

What are friendly numbers in mathematics?

Friendly numbers are pairs or groups of numbers that share the same abundancy index,
meaning the ratio of the sum of their divisors to the number itself is equal.

How do you determine if two numbers are friendly
numbers?

To determine if two numbers are friendly, calculate the sum of all their divisors (including
the number itself) and divide by the number. If both numbers have the same resulting
ratio, they are friendly.

Can you give an example of friendly numbers?

An example of friendly numbers are 6 and 28. Both have an abundancy index of 2, since
the sum of their divisors divided by the number equals 2.

Are all perfect numbers considered friendly numbers?

Yes, all perfect numbers are friendly numbers because their abundancy index is exactly 2,
meaning the sum of their divisors equals twice the number.

What is the significance of friendly numbers in number
theory?

Friendly numbers help mathematicians study the properties of divisors and relationships
between numbers, providing insights into the structure of integers and the distribution of
their divisors.

Are friendly numbers related to amicable numbers?

While both involve relationships between numbers and their divisors, friendly numbers
share the same abundancy index, whereas amicable numbers are pairs where each
number is the sum of the proper divisors of the other.



Additional Resources

1. Friendly Numbers: Exploring the Beauty of Number Relationships

This book delves into the fascinating world of friendly numbers, also known as amicable
numbers, where pairs of numbers share a unique bond through their divisors. It
introduces the historical context and mathematical significance of these pairs, making
complex concepts accessible to readers with a basic understanding of number theory.
With numerous examples and problem sets, this book is perfect for students and
enthusiasts eager to explore the elegance of friendly numbers.

2. The Secrets of Amicable Numbers: A Journey Through Number Theory

Focusing on the mysterious properties of amicable numbers, this book guides readers
through the historical discoveries and modern approaches to identifying these special
pairs. It covers various methods of finding friendly numbers, including ancient algorithms
and contemporary computational techniques. The book also discusses the implications of
these numbers in broader mathematical contexts, appealing to both amateur
mathematicians and scholars.

3. Number Friends: Understanding Friendly and Sociable Numbers

This comprehensive text expands beyond amicable numbers to include sociable numbers
and their intriguing patterns. It explains how these numbers are connected through sums
of divisors and explores their classification and properties. With clear explanations and
illustrative diagrams, the book is an excellent resource for those interested in the
interplay between different types of friendly numbers.

4. Amicable Numbers and Their Role in Mathematics

A focused study on amicable numbers, this book details their definition, properties, and
historical significance from ancient times to contemporary research. It includes proofs,
theorems, and computational methods used to discover new amicable pairs. Readers will
gain an appreciation for the complexity and beauty of these numbers and their influence
on number theory.

5. Patterns in Friendly Numbers: A Mathematical Exploration

This book investigates the patterns and structures found within friendly numbers and
related numerical sets. It presents conjectures, proven theorems, and open problems,
encouraging readers to engage with ongoing mathematical research. Suitable for
advanced students and researchers, the book combines theoretical insights with practical
examples.

6. The Art of Finding Friendly Numbers

A practical guide aimed at hobbyists and students, this book offers strategies and
algorithms for discovering friendly numbers. It covers classical techniques as well as
modern computational tools, providing step-by-step instructions and coding examples. The
approachable style makes it an ideal starting point for anyone interested in hands-on
mathematical exploration.

7. Friendly Numbers in Recreational Mathematics

This engaging book explores the role of friendly numbers within the broader context of
recreational mathematics. It highlights puzzles, games, and interesting properties that
make these numbers a source of amusement and fascination. Readers will find a variety of
challenges designed to stimulate curiosity and deepen understanding of number



relationships.

8. From Perfect to Friendly: The Evolution of Special Number Classes

Tracing the development from perfect numbers to amicable and friendly numbers, this
book provides a historical and mathematical narrative on special classes of numbers. It
examines how mathematicians have expanded the concept of number perfection and
friendship over centuries. Rich with historical anecdotes and mathematical proofs, it
appeals to readers interested in the evolution of mathematical ideas.

9. Computational Approaches to Friendly Numbers

This advanced text focuses on the use of computational methods to identify and analyze
friendly numbers. It covers algorithmic design, optimization techniques, and the
application of computer software in number theory research. Ideal for mathematicians and
computer scientists, the book bridges the gap between theoretical mathematics and
practical computation.
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friendly numbers in math: Perfect And Amicable Numbers Elena Deza, 2023-02-10 This book
contains a detailed presentation on the theory of two classes of special numbers, perfect numbers,
and amicable numbers, as well as some of their generalizations. It also gives a large list of their
properties, facts and theorems with full proofs. Perfect and amicable numbers, as well as most
classes of special numbers, have many interesting properties, including numerous modern and
classical applications as well as a long history connected with the names of famous
mathematicians.The theory of perfect and amicable numbers is a part of pure Arithmetic, and in
particular a part of Divisibility Theory and the Theory of Arithmetical Functions. Thus, for a perfect
number n it holds o(n) = 2n, where o is the sum-of-divisors function, while for a pair of amicable
numbers (n, m) it holds o(n) = o(m) = n + m. This is also an important part of the history of prime
numbers, since the main formulas that generate perfect numbers and amicable pairs are dependent
on the good choice of one or several primes of special form.Nowadays, the theory of perfect and
amicable numbers contains many interesting mathematical facts and theorems, alongside many
important computer algorithms needed for searching for new large elements of these two famous
classes of special numbers.This book contains a list of open problems and numerous questions
related to generalizations of the classical case, which provides a broad perspective on the theory of
these two classes of special numbers. Perfect and Amicable Numbers can be useful and interesting
to both professional and general audiences.

friendly numbers in math: Survive Math 5, Grade 5, version 1 , 2006

friendly numbers in math: Number Talks Sherry Parrish, 2010 A multimedia professional
learning resource--Cover.

friendly numbers in math: CRC Concise Encyclopedia of Mathematics Eric W. Weisstein,
2002-12-12 Upon publication, the first edition of the CRCConcise Encyclopedia of Mathematics
received overwhelming accolades for its unparalleled scope, readability, and utility. It soon took its
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place among the top selling books in the history of Chapman & Hall/CRC, and its popularity
continues unabated. Yet also unabated has been the d

friendly numbers in math: All the Math That's Fit to Print Keith Devlin, 1994 This volume
collects many of the columns Keith Devlin wrote for The Guardian.

friendly numbers in math: Providing a Foundation for Teaching Mathematics in the Middle
Grades Judith T. Sowder, Bonnie P. Schappelle, 1995-01-01 This book provides middle school
teachers with a firm pedagogical foundation based on the manner in which students learn the
mathematics being taught.

friendly numbers in math: The Math Encyclopedia of Smarandache type Notions Marius
Coman, About the works of Florentin Smarandache have been written a lot of books (he himself
wrote dozens of books and articles regarding math, physics, literature, philosophy). Being a globally
recognized personality in both mathematics (there are countless functions and concepts that bear
his name) and literature, it is natural that the volume of writings about his research is huge. What
we try to do with this encyclopedia is to gather together as much as we can both from
Smarandache’s mathematical work and the works of many mathematicians around the world
inspired by the Smarandache notions. We structured this book using numbered Definitions,
Theorems, Conjectures, Notes and Comments, in order to facilitate an easier reading but also to
facilitate references to a specific paragraph. We divided the Bibliography in two parts, Writings by
Florentin Smarandache (indexed by the name of books and articles) and Writings on Smarandache
notions (indexed by the name of authors). We treated, in this book, about 130 Smarandache type
sequences, about 50 Smarandache type functions and many solved or open problems of number
theory. We also have, at the end of this book, a proposal for a new Smarandache type notion, id est
the concept of “a set of Smarandache-Coman divisors of order k of a composite positive integer n
with m prime factors”, notion that seems to have promising applications, at a first glance at least in
the study of absolute and relative Fermat pseudoprimes, Carmichael numbers and Poulet numbers.
This encyclopedia is both for researchers that will have on hand a tool that will help them “navigate”
in the universe of Smarandache type notions and for young math enthusiasts: many of them will be
attached by this wonderful branch of mathematics, number theory, reading the works of Florentin
Smarandache.

friendly numbers in math: Math Wonders to Inspire Teachers and Students Alfred
Posamentier, 2003-04-15 Are you proud to admit that you never liked math? Were never good in
math? Are you struggling to pique your students' interest in math? Are you bored by the routine,
mechanical aspects of teaching to the test in mathematics? This book offers a plethora of ideas to
enrich your instruction and helps you to explore the intrinsic beauty of math. Through dozens of
examples from arithmetic, algebra, geometry, and probability, Alfred S. Posamentier reveals the
amazing symmetries, patterns, processes, paradoxes, and surprises that await students and teachers
who look beyond the rote to discover wonders that have fascinated generations of great thinkers.
Using the guided examples, help students explore the many marvels of math, including * The
Amazing Number 1,089. Follow the instructions to reverse three-digit numbers, subtract them, and
continue until everyone winds up with . .. 1,089! * The Pigeonhole Principle. All students know that
guesstimating works sometimes, but now they can use this strategy to solve problems. * The
Beautiful Magic Square. Challenge students to create their own magic squares and then discover the
properties of Durer's Magic Square. The author presents examples to entice students (and teachers)
to study mathematics--to make mathematics a popular subject, not one to dread or avoid. Note: This
product listing is for the Adobe Acrobat (PDF) version of the book.

friendly numbers in math: Mathematical Magic Show Martin Gardner, 2020-10-06 Martin
Gardner's Mathematical Games columns in Scientific American inspired and entertained several
generations of mathematicians and scientists. Gardner in his crystal-clear prose illuminated corners
of mathematics, especially recreational mathematics, that most people had no idea existed. His
playful spirit and inquisitive nature invite the reader into an exploration of beautiful mathematical
ideas along with him. These columns were both a revelation and a gift when he wrote them; no



one--before Gardner--had written about mathematics like this. They continue to be a marvel. This
volume, first published in 1977, contains columns published in the magazine from 1965-1968. This
1990 MAA edition contains a foreword by Persi Diaconis and Ron Graham and a postscript and
extended bibliography added by Gardner for this edition.

friendly numbers in math: Handbook of Number Theory II J. Séndor, B. Crstici, 2004 This
handbook focuses on some important topics from Number Theory and Discrete Mathematics. These
include the sum of divisors function with the many old and new issues on Perfect numbers; Euler's
totient and its many facets; the Mobius function along with its generalizations, extensions, and
applications; the arithmetic functions related to the divisors or the digits of a number; the Stirling,
Bell, Bernoulli, Euler and Eulerian numbers, with connections to various fields of pure or applied
mathematics. Each chapter is a survey and can be viewed as an encyclopedia of the considered field,
underlining the interconnections of Number Theory with Combinatorics, Numerical mathematics,
Algebra, or Probability Theory. This reference work will be useful to specialists in number theory
and discrete mathematics as well as mathematicians or scientists who need access to some of these
results in other fields of research.

friendly numbers in math: A History of Greek Mathematics, Volume I Sir Thomas Heath,
2012-02-10 Volume 1 of an authoritative two-volume set that covers the essentials of mathematics
and features every landmark innovation and every important figure, including Euclid, Apollonius,
Archimedes, and others.

friendly numbers in math: A History of Greek Mathematics Sir Thomas Little Heath, Thomas
Little Heath, 1981-01-01 Volume 1 of an authoritative two-volume set that covers the essentials of
mathematics and includes every landmark innovation and every important figure. This volume
features Euclid, Apollonius, others.

friendly numbers in math: Brookings Papers on Education Policy: 2003 Diane Ravitch,
2010-12-01 In 1983 the seminal report issued by the National Commission on Excellence in
Education, A Nation at Risk, charged that most American high schoolers were following a general
course of instruction, choosing neither the college-preparatory track nor the vocational option. This
pattern, the report complained, had fostered low expectations and a curricular hodge-podge of
classes that failed to prepare students for college or work. The commission called on states to
implement academic requirements for all students, regardless of background, including four years of
English and three years each of science, mathematics, and social studies. Students should not be
sorted by their presumed future destinations, the commission reasoned, but should be offered an
equal opportunity to get a high-quality education to fit them either for postsecondary education or
the modern workplace. Two decades after the commission called on states to reform the high school
environment and raise graduation requirements, the Brown Center on Education Policy at the
Brookings Institution convened a a group of prominent scholars to explore the current state of
America's high schools, focusing on new research about reforming these institutions that are so
important in the lives of the nation's adolescents. The questions considered reflected the diversity of
the participants and covered a variety of areas—historical, international, sociological, and practical.
Data gathered by the U.S. Department of Education show students today are taking many more
advanced courses in mathematics and the sciences, while at the same time test scores do not reflect
the increases in enrollments in academic courses. In addition, large score gaps remain among
students from different social groups. Reform of the high schools must take into account the
elementary and middle schools that prepare students and the postsecondary institutions to which
students aspire. Adolescent culture and students' views about school and academic work play
important roles in student achievement, as do the family and contemporary society in shaping of
adolescent behavior. No matter their background, all participants agreed that the key to a successful
high school rests with the extent to which it recognizes and strengthens its commitment to the
intellectual growth of its students.

friendly numbers in math: Grade 3 Math Volume 2 OnBoard Lessons, 2017-01-01 Topics
Estimation Addition & Subtraction Multiplication Facts Division Facts



friendly numbers in math: Teaching Numeracy Margie Pearse, K. M. Walton, 2011-03-23
Margie Pearse and Katie Walton have given us a rich treasury of research-based beat math
practices. This book offers practical, engaging numeracy strategies to support our struggling
students and sets the bar high for our advanced young mathematicians. —Mary Dunwoody, Director
of Secondary Curriculum and Professional Development Southeast Delco School District, Folcroft,
PA Transform mathematics learning from doing to thinking Do some of your students arrive at wildly
wrong answers to mathematical problems but have no idea why? If so, they are not alone. Many
students lack basic numeracy—the ability to think through the math logically, solve problems, and
apply math outside the classroom. This book outlines nine critical thinking habits that foster
numeracy and details practical ways to incorporate those habits into instruction. Referencing the
new common core standards, NCTM standards, and established literacy practices, the authors
include How Can I Do This in My Math Class...Tomorrow? applications throughout the book that
shows you how to: Monitor and repair students” understanding Represent mathematics
nonlinguistically Develop students’ mathematics vocabulary Create numeracy-rich lesson plans
Teaching Numeracy will help you move your students from simply doing the math to a deeper
understanding of how to think through the math.

friendly numbers in math: A History of Greek Mathematics T. L. Heath, 2013-11-21 Originally
published in 1921, this rigorous two-volume work traces ancient Greek mathematics from Thales of
Miletus to Diophantus of Alexandria.

friendly numbers in math: Daily Routines to Jump-Start Math Class, Elementary School
John J. SanGiovanni, 2019-08-06 Do your students need more practice to develop number sense and
reasoning? Are you looking to engage your students with activities that are uncomplicated,
worthwhile, and doable? Have you had success with number talks but do your students crave more
variety? Have you ever thought, What can [ do differently? Swap out traditional warmup practices
and captivate your elementary students with these new, innovative, and ready-to-go routines!
Trusted elementary math expert John J. SanGiovanni details 20 classroom-proven practice routines
to help you ignite student engagement, reinforce learning, and prepare students for the lesson
ahead. Each quick and lively activity spurs mathematics discussion and provides a structure for
talking about numbers, number concepts, and number sense. Designed to jump-start mathematics
reasoning in any elementary classroom, the routines are: Rich with content-specific examples and
extensions Modifiable to work with math content at any K-5 grade level Compatible with any
textbook or core mathematics curriculum Practical, easy-to-implement, and flexible for use as a
warm-up or other activity Accompanied by online slides and video demonstrations, the easy 5-10
minute routines become your go-to materials for a year’s work of daily plug-and-play short-burst
reasoning and fluency instruction that reinforces learning and instills mathematics confidence in
students. Students’ brains are most ready to learn in the first few minutes of math class. Give math
practice routines a makeover in your classroom with these 20 meaningful and energizing warmups
for learning crucial mathematics skills and concepts, and make every minute count.

friendly numbers in math: Mindset Mathematics: Visualizing and Investigating Big Ideas,
Grade K Jo Boaler, Jen Munson, Cathy Williams, 2020-08-14 Engage students in mathematics using
growth mindset techniques The most challenging parts of teaching mathematics are engaging
students and helping them understand the connections between mathematics concepts. In this
volume, you'll find a collection of low floor, high ceiling tasks that will help you do just that, by
looking at the big ideas at the kindergarten-grade level through visualization, play, and
investigation. During their work with tens of thousands of teachers, authors Jo Boaler, Jen Munson,
and Cathy Williams heard the same message—that they want to incorporate more brain science into
their math instruction, but they need guidance in the techniques that work best to get across the
concepts they needed to teach. So the authors designed Mindset Mathematics around the principle
of active student engagement, with tasks that reflect the latest brain science on learning. Open,
creative, and visual math tasks have been shown to improve student test scores, and more
importantly change their relationship with mathematics and start believing in their own potential.



The tasks in Mindset Mathematics reflect the lessons from brain science that: There is no such thing
as a math person - anyone can learn mathematics to high levels. Mistakes, struggle and challenge
are the most important times for brain growth. Speed is unimportant in mathematics. Mathematics
is a visual and beautiful subject, and our brains want to think visually about mathematics. With
engaging questions, open-ended tasks, and four-color visuals that will help kids get excited about
mathematics, Mindset Mathematics is organized around nine big ideas which emphasize the
connections within the Common Core State Standards (CCSS) and can be used with any current
curriculum.

friendly numbers in math: Classroom-Ready Number Talks for Kindergarten, First and Second
Grade Teachers Nancy Hughes, 2019-02-26 A wide variety of ready-to-use number talks that help
kindergarten through second-grade students learn math concepts in fun and easy ways. Bringing the
exciting teaching method of number talks into your classroom has never been easier. Simply choose
from the hundreds of great ideas in this book and get going! From activities on addition and
subtraction to fractions and decimals, Classroom-Ready Number Talks for Kindergarten, First and
Second Grade Teachers includes: Grade-level specific strategies Number talk how-tos Visual and
numerical examples Scaffolding suggestions Common core alignments Questions to build
understanding Reduce time spent lesson-planning and preparing materials and enjoy more time
engaging your students in learning important math concepts! These ready-to-use number talks are
sure to foster a fresh and exciting learning environment in your classroom, as well as help your
students increase their comprehension of numbers and mathematical principles.

friendly numbers in math: Daily Routines to Jump-Start Math Class, Middle School John
J. SanGiovanni, Eric Milou, 2018-07-31 Too often, middle school and high school teachers say, “These
students are lacking number sense.’ These books will help secondary teachers with good pedagogy
to help build number sense in a creative way. John SanGiovanni and Eric Milou have created short
routines that are teacher-friendly, with lots of examples, and easy to adapt to each teacher’s needs.
These are the books that secondary teachers have been waiting for to help engage students in
building number sense. Pamela J. Dombrowski, Secondary Math Specialist Geary County School
District Junction City, KS Kickstart your middle school math class! Do your students need more
opportunities do develop number sense and reasoning? Are you looking to get your students
energized and talking about mathematics? Have you wondered how practical, replicable, and
engaging activities would complement your mathematics instruction? This guide answers the
question What could I do differently? by taking cues from some of the most effective types of
routines commonly used to engage students in reasoning while developing and reinforcing their
number sense. This book offers 20 different routines, all of which include content examples,
extensions, and variations for grades 6-8. It includes a year’s worth of daily instructional material
that you can use each class period to promote student reasoning and number sense. The routines in
this book will help students Frequently revisit essential mathematical concepts Foster and shore up
conceptual understanding Engage in mental mathematics, leading to efficiency and fluency Engage
in mathematical discourse by constructing viable arguments and critiquing the reasoning of others
Reason mathematically, which can improve performance on high-stakes assessments Move learning
beyond correctness by valuing mistakes and discourse to encourage a growth mindset From trusted
authors and experts John SanGiovanni and Eric Milou, this teacher-friendly resource will give you all
the tools and tips you need to reinvent those critical first five or ten minutes of math class for the
better!
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