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Dear AATM Colleagues, 
 

Welcome to the Spring 2017 issue of OnCore.  In this journal we have articles that focus on 
ways to excite students, grade 1 through high school, about the learning of mathematics, and 
enhance their reasoning talents and problem solving abilities. The articles are organized 
generally around grade level. Grappling with a Classic Unsolved Problem uses the Magic Hat 
approach to having students in grades 1 and 2 explore different ways of grouping numbers so 
that sums do not cause an explosion!  In Pick a Card, any Card at All, Core games designed to 
enhance grades 1- 5 students’ understanding of ways to compose and compare multi-digit 
numbers, are described. The third article, Connecting Computational Fluency and Mathematical 
Reasoning, focuses on counting numbers and fractions. Students in grades 1-5, formulate 
strategies for adding sets of these numbers to achieve a Total. Do you dread teaching students 
about how to solve word problems? The article, Not Word problems! describes activities that 
provide contexts for the teaching of computational skills, and concurrently improve students’ 
success with the solving of both naked and context math problems. Getting Fractions onto The 
Number Line uses Marilyn Burns fraction strips approach to help students identify equivalent 
fractions and solve computation problems with fractions. Holiday Mathematics provides a set of 
four challenging, multi-part problems, one for each of the months, April through July. Each 
problem is connected to a national or “weird” holiday. The problems are appropriate for 
exploration by middle or high school students. Algerobics and HOY VUX provides 
dramatizations to help high school students visualize the positions of lines on a graph.  The Box 
Problem from A Calculus Point of View, uses a game-approach to have students learn to explore, 
formulate, validate, and then generalize their solutions to the famous problem. The final article, 
What is Quantitative Literacy/Numeracy/Quantitative Reasoning? presents definitions for each 
of these terms from leading mathematicians, followed by strategies for strengthening students’ 
talents in these areas.  
 

Enjoy! 
 

With very best wishes, 
 
 
 
 
 
 
 
 
 
 
 
 
Carole Greenes, Journal Editor Mary Cavanagh, Editorial Designer 



  

 
 
AATM Spring 2017 Journal 

3 

AATM Leadership 
 
 

Board of Directors 

Nanci Smith, President    Ed Anderson, Treasurer 

Allison Davis, Secretary     Lori Everson, Membership Chair 

Barbara Boschmans, NCTM Representative  

 

Regional Vice Presidents 

Gail Gorry, East Central    Kimberly Dugdale, Northeast 

Stefaney Sotomayor, Maricopa   Melissa Hosten, Southern    

Tara Guerrero, West Central 

 

Appointed Positions 

Kimberly Rimbey, Advocacy    Sal Vera, Algebra Contest 

Chryste Berda, Awards    Brian Burns, Webmaster 

Ed Anderson, High School Contest   Jane Gaun, STEM Representative 

Nicole Koolman, Communications Chair  Kimberly Farless, Conference 

Jean Tsuya, Grants Chair, Historian   Jane Gaun, Professional Development  

Jean Tsuya, Elections 

 
 
 

OnCore Editorial Board 

Carole Greenes, Mary Cavanagh, and James Kim PRIME Center, Arizona State University



  

 
 
AATM Spring 2017 Journal 

4 

Table of Contents 

 

Letter from the Editor ..............................................................................................  

AATM Leadership ..................................................................................................  

Page 

 2 

 3 

Grappling with a Classic Unsolved Problem 

Cheryl Gehris ..........................................................................................................  

 

5 

Pick a Card, Any Card at All! 

Mary Cavanagh ......................................................................................................  

 

14 

Connecting Computational Fluency and Mathematical Reasoning 

Jim Matthews .........................................................................................................  

 

27 

Not Word Problems! 

Nanci N. Smith ........................................................................................................  

 

34 

Getting Fractions onto The Number Line 

Rachel Bachman and Cora Neal ..............................................................................  

 

40 

Holiday Mathematics 

Yifan Tian ...............................................................................................................  

 

47 

Algerobics and HOY VUX! 

Beth Lazerick ..........................................................................................................  

 

55 

The Box Problem from a Calculus Point of View 

Valentina Postelnicu ...............................................................................................  

 

61 

What is Quantitative Literacy/Numeracy/Quantitative Reasoning? 

Brian Beaudrie ........................................................................................................  

 

70 



  

 

Grappling with a Classic Unsolved Problem 

5 

Grappling with a Classic Unsolved Problem  
 

Cheryl Gehris 

Abstract: This article describes how a low floor/ high ceiling task with multiple entry points was 
used with Grade 1 and 2 students to prompt productive struggle. Classroom observation and 
teacher feedback informed reflection and revision of the task along the way. 
 

 

 

 

 

 

 

 

 
 

A conference for mathematicians and educators, Unsolved K-12, was held November 15-

17, 2013, at the Banff International Research Station, with the goal of selecting one unsolved 

mathematics problem that could be considered appropriate for exploration by students at each 

grade level, K-12. I selected the “Magic Hat” problem for Grade 2 students. A complete list of 

13 selections submitted by the conference attendees (K-12) is available at 

www.mathpickle.com/unsolved-k-12/. Each includes a video demonstration. 

 The Paradise Valley Unified School District follows the Gifted Cluster Grouping Model 

in all elementary schools. When gifted students are clustered with peers in regular education 

classrooms, research documents that achievement levels for all students are positively affected, 

http://www.mathpickle.com/unsolved-k-12/
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new student role models emerge in classes that do not have gifted students, and teachers benefit 

from having a narrower range of student abilities to instruct (Winebrenner and Brulles, 2008, p. 

xi). Although clustering in this way provides the environment for learning to advance, 

challenging instruction must be planned and implemented with fidelity to achieve results.  

 In my role as Gifted Cluster Coach, I am always seeking challenging tasks that have 

multiple entry points for learners with different talents. The ideal rich mathematical task will 

engage struggling students in frequent practice for skill acquisition in a context that does not 

seem repetitive or boring, while concurrently engaging gifted and high-achieving students in 

challenging work that builds tenacity. I had a hunch that the “Magic Hat” problem would provide 

something for everyone! 

The Task 

 The Magic Hats problem is actually an addition puzzle based on Issai Schur’s 1916 Sum- 

Free Partition Problem. In this task, students work in pairs. Given a work mat with two hat 

outlines (Figure 1), students place the numbers 1-8 into the hats.  

 

The goal is to place all numbers in the hats without causing “an explosion.” An explosion occurs 

when two numbers in the same hat have a sum equal to another number in that hat. In Figure 1 

below, 7 cannot be placed in the hat to the left because 5 + 2 = 7, and that is an explosion. Seven 

cannot be placed in the hat on the right because 3 + 4 = 7, and that is an explosion. At this point, 

players in this situation must “clear the board” and begin again. 
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Figure 1. Magic Hat 

Materials 

• Work Mat with image of two hats, one mat for each pair of students. (See Template at the 

conclusion of this article.) 

• 1-8 Number Tiles (or numbers on cardboard rectangles), one set for each pair of students 

• A document camera is helpful, but not essential 

Introduce the Task 

 I introduced this task in six Grade 1 and Grade 2 classrooms. That experience taught me 

that the best way to introduce the task is to play a demonstration game with one student using the 

document camera. Rather than announcing the rules at the start, demonstrate the game while 

taking turns placing numbers in the hats. To describe an explosion, I pointed out that this was 

not a real explosion, but rather, a way to describe what happens when a number cannot be placed 

in a hat because that value is already in that hat. The video demonstration at 

http://mathpickle.com/project/4130/ is helpful for teachers, but not good for describing the 

game to students.  

http://mathpickle.com/project/4130/
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 I also pointed out that this problem has been around since 1916 and that mathematicians 

are still trying to solve it with much greater numbers. The gifted students seemed particularly 

motivated by the idea of solving a 100 year old problem! 

 Before I introduced the problems, the classroom teacher had paired students based on 

similar mathematical reasoning abilities. Students were able to quickly get started. The teacher 

and I observed student actions, asked guiding questions, and occasionally, brought a pair of 

students to the document camera to share their solution and seek feedback from their peers. 

The Common Core State Standards for Mathematics (NGA & CCSSO, 2010) states that 

first graders should “add and subtract within 20, demonstrating fluency for addition and 

subtraction within 10” (1.OA.C.6). Second graders should “fluently add and subtract within 20 

using mental strategies. By the end of Grade 2, students know from memory all sums of two one-

digit numbers” (2.OA.B.2). The teachers were able to observe and make note of students’ 

abilities to compose and decompose single-digit numbers as they attempted to solve the problem. 

This Magic Hat problem also facilitates engagement with multiple Mathematical 

Practices (NGA & CCSSO, 2010). Mathematical Practice 1 (MP1) states that students will 

“Make sense of problems and persevere in solving them.” In attempting to solve the Magic Hat 

problem, students persisted in grappling with the problem for extended periods of time. In every 

class, there was a groan when the teacher announced that work on the Magic Hat problem was 

ending for the day. In many instances, individual students asked to keep the number tiles and The 

Hat Work Mat in their desks so that they could continue to think about the solution! One student 

smiled and said, “No wonder it’s so hard to struggle!” I took that to mean he was feeling a bit of 

productive struggle, but not frustration.  
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MP3 states that students will “Construct viable arguments and critique the reasoning of 

others” (NGA & CCSSO, 2010). The Magic Hat task promotes the acts of explaining, listening 

to the explanations of others, and offering feedback. In Grade 1 and 2 classrooms, students often 

used their number tiles to explain their thinking to their partners or teacher. One pair of students 

who found the solution (4, 1, 8, 2) and (3, 5, 6, 7) shared their solution with the class by using 

the document camera. The first student explained simply, “I helped my partner out and we got 

this.” 

Student Interactions 

 Two students showed me their Magic Hats and enthusiastically explained why they were 

convinced that they had found a solution. (See Figure 2.) 

 

 

 

 

 

 

 

 

Figure 2. Two students’ solution 

Student A: “Look! Because the 8 is here” (pointing to the 8, 5, 3, 6 in the hat), “and we 

accidentally switched the 8 and 2. So then we put the 8 over here and the 6 still over here, but the 

2 over there (hat on left) so we didn’t have that problem.”  

Student B: “I accidentally put the 3 over there, making 1, 2, 3, 4, 7 in that hat, and then 
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 1 + 2 = 3. Then I put that 3 over here, making 8, 5, 3, 6 in one hat and leaving 1, 2, 4, 7 in the 

other hat. So I don’t think we have any explosions.” 

Teacher: “I see one explosion.” 

Student B: Looking intently at the two hats, he begins counting on with his fingers while saying, 

“Hmmm. 5…6…7..OHHHHHH!” as he notices that 5 + 3 = 8 and that makes an explosion. 

Student A: Double-checks Student B by counting on her fingers silently, then reaches over and 

moves the 8 to the other hat. 

Now 3, 6, and 5 are in one hat and 1, 2, 4, 7, and 8 are in the other hat. At this point, the 

rules of the game would dictate that the students clear the board. But the students wanted to 

continue to tweak their solution because they sensed they were close to a correct solution.  I 

waited a moment for them to notice that 1 + 7 = 8, and then reminded them to clear the board to 

get a fresh start. 

Suddenly, I hear, “We got a Bingo!” I move to the next group to see what they had 

discovered. (See Figure 3.) 

 
 

 

 

 

 

 

 

Figure 3. An Explosion 
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Student A: “Oh, I think we have an explosion.” 

Teacher: “What do you see?”  

Student B: “I see 4 + 1 = 5.” 

Student A: Moves pieces from one hat to another, while Student B confidently announces each 

new explosion that develops: “2 + 1 = 3” and “5 + 1 = 6.” 

Teacher: “Clear the board.” 

Student B: “That’s what I keep telling him!” 

What an excellent opportunity to practice those critical skills of perseverance, 

constructing viable arguments, and critiquing the reasoning of others! 

Reflections 

 I asked each of the classroom teachers to give me feedback about the activity. Those 

suggestions were invaluable for continuing to improve the way I introduced the task, as well as 

the way I facilitated student interactions in subsequent adventures. Moving forward, I would be 

more likely to use this task with Grade 2 than Grade 1 students. In many but not all of the first 

grade classes, it became clear that there were a few students who were not yet able to compose 

and decompose numbers, which limited their success with the task. In the future, I would use the 

task with students who have demonstrated that they can compose and decompose single-digit 

numbers. In one first grade class, a student asked to try using three hats and quickly solved the 

problem using the numbers 1-9. When asked how he solved the problem so quickly, he replied, 

“It’s easier with more hats because there are more places to put the numbers.” Perhaps providing 

three hats for students who are less comfortable with composing and decomposing would be a 

useful scaffolding tool.  
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 Do consider using a classic unsolved problem with your elementary students. It is ideal 

for giving students experience with problems that do not always wrap up nicely, that leave them 

thinking, pondering, and wondering.  
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Pick a Card, Any Card at All! 

Mary Cavanagh, Ph.D. 

Abstract: Several math games, that employ the same general format and materials, can be easily 

modified to address concurrently match instructional goals and address student needs. These are 

CORE games. 

 

 

Games are an effective and engaging 

means to have students practice 

essential mathematical skills, and 

learn important concepts. Core 

Games can be adapted to fit 

changing needs.  

 

Characteristics of Core Games 

Core Games: 

• Promote the learning of important concepts or provide practice with key skills. 

• Are easy for students to understand, due to easy-to-remember rules. 

• Are easy for teachers and parents to use because few special materials are required. 

• Are versatile. They can be adapted for different skills, concepts, and grade levels. 

• Are fun! 
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Core Game Example: The Greatest 

The Greatest is a classic game that was introduced in 1972 in the book Fun and Games 

with Mathematics by James Haugaard and David Horlock. The game and variations of the game 

have appeared in several mathematics programs since that time (Bell, et al., 2012; Charles, et al., 

2004; Rucker, Dilley, Lowry, Cavanagh, & Ockenga, 1979). 

The game is versatile, fun, and can be used to promote the learning of various essential 

skills, during warm-up or wrap-up activities. Although the game is generally played with a whole 

class or large group, it may be played as a partner game. The grade levels and content indicated 

for each game are in concert with the Arizona Department Of Education’s High Academic 

Standards for Students (December, 2016).  
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The Core Game 

The Greatest 

 

Grade Levels 

Grades 4-5 

Skills/Concepts 

• Number Comparison 

• Place value 
 

 

 
 

 

Materials/Student 

• One set of number cards (0–9). 

• Pencil and scratch paper 

• Recording Sheet   

Number of Students  

Whole class or small group, with at least 

two students/group 

 

 

 
 

Figure 1. Recording Sheet 

 

Object of the game: To create the greatest number. 

Directions: 

•  Distribute a recording sheet (Figure 1) to each student 

• Mix the deck of number cards. 

• Without looking, teacher or student selects a number card and announces the number. 

Used cards are placed in a discard pile. 

• As each number is announced, students record that number on any one of the six line 

segments (Figure 1). Numbers cannot be saved or erased.   

• This process continues until all line segments are filled. 

• The student with the greatest number wins that round. 

• Play four more times. The student or group with the highest score out of 5, wins. 

 

 

	_____		_____		_____		,		_____		_____		_____		
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Variation I 

Same game. The student or group with the lowest score wins. 

Variation II 

On their recording sheets, students draw a rhombus to the right of the six line segments (See 

Figure 2). 

 

 

 

 

 
Figure 2. Recording Sheet with rhombus for rejected number 

 

Directions: 

• Same game except that 7 cards are drawn.  

• Each number must be recorded before the next card is called. 

• Students are free to decide to reject one of the numbers and record it in the rhombus. 

• The greatest number wins. 

Variation III 

Same game as Variation II. The least number wins. 

Other Variations 

Ways to win:  

o a number closest to 300,000 

o the greatest even number 

o the greatest odd number 

 

 

Reject 
	_____		_____		_____		,		_____		_____		_____		
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The Greatest Two-Digit Number 

 

Grade Levels 

• Grades 1 - 2 

Skills/Concepts 

• Number comparison 

• Place value 

 

 

 

 

Materials: 

• Number cards (0-9). 

• Pencil and scratch paper. 

• Recording Sheet with 3 pairs of line 

segments (See Figure 3). 

Number of Students  

Whole class or small group with at least two 

students/group. 

 

Object of the game: To create the greatest 2-digit number. 

Directions: 

• Teacher or student selects a number card from the mixed deck (without looking) and announces 

the number. This continues for six numbers. 

• Students record each number on a line segment. Once a number is written, it cannot be erased. 

When all line segments are filled, students circle their greatest 2-digit number.  

• Students then compare their greatest 2-digit numbers.           

• The student(s) with the greatest 2-digit number wins.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

	
_____		_____	

	
	
_____		_____	

	
	
_____		_____	

Figure 3. Recording Sheet 
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In one game of The Greatest Two-Digit Number, numbers were called in the following 

order: 5, 8, 6, 4, 3, 9. Students recorded those numbers on their line segments, and circled their 

greatest 2-digit number. As can be seen in Figure 4, Alicia’s number 93 is greater than Jaime’s 

greatest number, 84.  

 

 

 

 

 

Figure 4. Example of completed Record Sheets for The Greatest Two-Digit Number  
 

The Greatest with Inequality Symbols 

The greatest game may be adapted for use with ineqality symbols. Figure 5 shows the 

recording sheet for comparing two three-digit numbers. The example in Figure 6 shows how a 

Grade 2 student placed the six numbers as they were called in this order: 2, 8, 6, 5, 3, 9. The circle 

provides the location for students to record the appropriate inequality symbol.  

 
       _____   _____   _____                       _____   _____   _____ 

 

Figure 5. Inequality recording sheet 

 

 

Figure 6. Example of Grade 2 student’s comparison. 

Alicia 
 

     4          6    
 
     5          8    
 
     9          3    

Jaime 
 

     3          9    
 
     8          4    
 
     5          6    
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 The Greatest-Super is a variation of High Number Toss games that appeared in the 

Everyday Mathematics program (Bell, et al., 2012). 

The Greatest-Super 

Grade Levels 

• Grades 4-6 

Skills/Concepts 

• Number comparison 

• Place Value 

 
 

 
Materials 

• Number cards (0–9), a spinner, or a die 

• Paper and pencil 

Number of Students 

Whole class or group with at least two 

students/group.

Object of the game: To create the greatest number possible. 

Directions: 
• On a sheet of paper, each student draws 4 line segments and a vertical separator before the last 

line segment (See Figure 7). 

 

 

 
 

 
 

•  Teacher or student selects a number card from the mixed deck (without looking) and 

announces the number. This is repeated for three more digits. 

• The first three line segments are for the three digits of the number. The last line segment is for 

the number of zeros that will follow the first three digits. 

• The student(s) with the greatest number wins. 

Example: When the numbers 6, 3, 5, and 8 were called, Students A and B recorded the numbers 

as 683 and 538, respectively. Student A’s fourth card was a 5 indicating five zeros after 683. 

Student B’s fourth card was a 6 indicating six zeros after 538. Student B is the winner. 

Student A:  6   8   3   | 5   (68,300,000) 

Student B:  5   3   8   | 6    (538,000,000) 

	
Student	A:	_____	_____	_____	|	_____	

Student	B:	_____	_____	_____	|	_____	
	

Figure	7.	Recording	Sheet	for	The	Greatest	Super	
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The Greatest with Decimals 

The numbers to be announced, as well as the placement of decimal points, may be varied 

(See Figure 8.).  

 

_____  _____  _____  _____   _____ .   _____ 

 

 

 

_____  _____  _____  _____  _____  .   _____  _____ 

Figure 8. Examples of two types of recording sheets for The Greatest with Decimals 

Format Alternatives 

The values of the digits may be displayed for students who need this reinforcement, as shown in 

Figure 9.  

Thousands Hundreds Tens Ones 

    
 
 

 

 

Figure 9. Examples of two types of recording sheet for The Greatest with Decimals

Thousands Hundreds Tens Ones Tenths Hundredths 
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The Core Game for Operations with Whole Numbers 

The core game, The Greatest, may be adapted for games involving addition, subtraction, 

multiplication and division of whole numbers. 

The Greatest Sum 

Grade Levels 

• Grades 1 - 3. 

Skills/Concepts 

• Two-digit addition 

• Number comparison  

 

Materials 

• Number cards (0–9) 

• Paper and pencil 

• Recording Sheet 

Number of Students  

Whole class or group with as few as two 

students 

Object of the game: To create the greatest sum. 

Directions: 

• Teacher or student selects a number card from the mixed deck (without looking) and 

announces the number. This is repeated four more times for a total of 5 numbers. 

• Students record each number on any of the four line segments or in the rhombus. Once a 

number is written, it cannot be erased. Continue until all line segments and the rhombus 

are filled. 

• Student(s) with the greatest sum wins.  

 

 

 

 

 

 

 

 Figure 10. Recording sheet using rhombus for rejected number 
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Variations of The Greatest Sum 
Play the game with six number cards. Students record three two-digit addends  

or two three-digit addends, and compare sums. (See Figure 11 Recording Sheets.) 

 

 

  

 

 

Figure 11. Recording sheets for variations of The Greatest Sum  

 

The Greatest Difference 

When playing subtraction games, one way to avoid a negative difference is to use an 

additional line segment for the minuend (top number). In Figure 12, the five digit cards and the 

order in which they were selected was: 5, 3, 7, 2 and 8. In the student example shown in Figure 

12, the difference of 669 is not the greatest possible difference for the numbers selected. 

Challenge students to figure out the greatest possible difference with those five numbers. 

 

 

  
 

 

 

Figure 12. The Greatest Difference with five digits, and one student’s solution 
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Greatest Product 

For multiplication of two-digits by one-digit, use the Recording Sheet shown in Figure 13. 

Announce six numbers for students to record. Students solve both problems and circle the greater 

product. Compare products to identify the student with the greatest product. 

 

 

 

 

 

 
 

Figure 13. Greatest Product recording sheet 

 

Variations of The Greatest Product The Greatest Product can be played with two-digit 

or three-digit factors, without or with one number placed in the Reject rhombus. For the Reject 

possibility, six numbers have to be selected. The recording sheets are displayed in Figure 14.   

 

 

 

 

 

 

Figure 14. Two variations of The Greatest Product recording sheet 
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Greatest Quotient Game 

The Recording Sheet for The Greatest Quotient game may use either of the formats shown 

in Figures 15 and 16. After naming five numbers, have students compute the quotient. Then have 

them compare quotients to identify the person with the greatest quotient. 

 

      ______  ______  ______  ______    ÷   ______   = 

Figure 15. The Greatest Quotient recording sheet, horizontal format 

 

 

______         ______  ______  ______  ______ 
  

 

 

 

Figure 16. The Greatest Quotient recording sheet, “table” format 

Summary 

Math games can be engaging and useful methods for developing students’ deeper 

understanding of mathematical concepts and their computational fluency (Rutherford, 2015). 

Winning in The Greatest games or variations is related to understanding the mathematics, 

although some luck is involved! Encourage students to discuss their ideas about number 

placement and how they plan to win the “next” game.  Explore why some strategies are 

reasonable, despite the fact that they may not always produce a “win.” 
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Connecting Computational Fluency  
and 

Mathematical Reasoning 
 

Jim Matthews 
 

 
Abstract: A set of games that provide computational practice with counting numbers and 
rational numbers (fractions), opportunities for mathematical reasoning, and rich problem solving 
experiences, are described in this article. Most young mathematicians find these games 
interesting and motivating. 
 
 
The Games 

The Original Game of 30 by 1s and 2s 

The Game of 30 by 1s and 2s is designed for two players. Player 1 starts by choosing 

either the number 1 or 2 as the first Total.  Players then alternate turns adding either 1 or 2 to the 

Total. The player who gets 30 as the Total is the winner.  

Below is an example of the play of the game. 

Player 1: “1” 

Player 2: “3” (after adding 2 to the Total) 

Player 1: “4” (after adding 1 to the Total) 

Player 2: “5” 

Player 1: “7” 

Player 2: “9” 

Player 1: “11” 

Player 2: “13” 

Player 1: “14” 

1	 3	
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Player 2: “16” 

Player 1: “18” 

Player 2: “19” 

Player 1: “21” 

Player 2: “23” 

Player 1: “25” 

Player 2: “26” 

Player 1: “27” 

Player 2: “28” 

Player 1: “30, I win.” 

Introduce this game to your students by playing a game with one of the students. Then 

have students work in groups of three and play the game with the goal of developing a winning 

strategy (i.e., strategy that they can use if they play against you). Since the challenger gets to 

decide who starts the game, the challenger can always win. Before reading on, try to determine a 

winning strategy. 

It doesn’t take long before most players realize that the player who says “27” will win. 

This is because the opponent must choose either 28 or 29 and, in either case, the winning number 

of 30 can be reached. This type of mathematical reasoning may be seen in children as young as 4 

or 5 years. Although this reasoning might not be considered a major theorem, it can be 

considered a mini-theorem. After playing the game several times, players may realize that to 

guarantee getting to 27, one must get to 24. By continuing to work backwards, the winning 

sequence of 30, 27, 24, 21, 18, 15, 12, 9, 6, and 3, can be discovered.  It takes a little more 

reasoning to realize that to guarantee a win, the challenger should make the opponent play first. 
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Depending on the grade level of the players, the numbers in the sequence can be described as 

multiples of 3, or numbers said when skip counting by 3s.  

I have seen adults play the game many times before developing a winning strategy. As 

well, I have seen 6-year old Teresa solve the problem after playing one time. When her opponent 

said 27, Teresa knew that she had lost. When asked if she wanted to play again, she said, “Yes.” 

When asked if she wanted to go first, she replied, “Let me think.” She then proceeded to count 

backwards by 3s from 27, and when she got to 3, she said to her opponent, “You go first!”  She 

then executed the winning strategy she had developed. 

Recommendation: 

When a teacher is introducing the game, and playing it with a student, do not choose 

multiples of 3 until reaching 12 or 15. This can be a little risky since a student may guess the 

numbers that will keep the teacher from winning. However, there is only a 1 in 64 chance of a 

student randomly choosing 12, 15, 18, 21, 24, and 27.  To make the winning strategy less 

obvious, choose even numbers until reaching 15 or 18. 

Modifying the Game (Matthews, 2006) 

As stated, this game can be played with students as young as 4 or 5. If a child has trouble 

counting or adding 1 or 2 to a number, the game may still be accessible. If counting to 30 is a 

challenge, change the total to 9. If adding 1 or 2 to the total is a challenge, consider using a strip 

of paper with the numbers 1-9 (See Figure 1). The player can cross out the next number or the 

next two numbers to reach the total. 

 
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

Figure 1. Number Strip 
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 It may be easier for some students to reverse the process, instead of adding 1 or 2, to 

remove 1 or 2 chips from a row of 9 chips. The player removing the last chip is the winner. 

 
First Set of Variations 

The Game of 40 by 1s, 2s, and 3s for two players. Players take turns adding 1, 2, or 3 to 

the total. The player who gets to 40 is the winner. As in the previous game, students can 

determine a winning strategy by working backwards. The set of strategic numbers which will 

guarantee a win is (4, 8, 12, 16, 20, 24, 28, 32, 36, 40). Likewise, the Game of 50 by 1s, 2s, 3s, 

and 4s is won by knowing the multiples of 5. The Game of 60 by 1s, 2s, 3s, 4s, and 5s is won by 

knowing the multiples of 6. The Game of 70 by 1s, 2s, 3s, 4s, 5s, and 6s is won by knowing the 

multiples of 7. The Game of 80 by 1s, 2s, 3s, 4s, 5s, 6s, and 7s is won by knowing the multiples 

of 8. The Game of 90 by 1s, 2s, 3s, 4s, 5s, 6s, 7s, and 8s is won by knowing the multiples of 9. 

Second Set of Variations 

The Game of 31 by 1s and 2s 

The Game of 31 by 1s and 2s is played by two players. Players alternate turns adding 

either 1 or 2 to the Total. The player who says 31 is the winner. Students will determine that 

choosing numbers that are one greater than multiples of 3 will ensure victory. This game requires 

the challenger to go first in order to win. 
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Fraction Game Variation 

The Game of 7𝟏
𝟐
 by 𝟏

𝟒
 s and  𝟏

𝟐
 s    

In this game, players alternate turns adding 𝟏
𝟒
 or 𝟏

𝟐
 to the Total. The winner is the player 

who achieves a Total of 7𝟏
𝟐
. 

For example:  

Player 1: “𝟏
𝟐
” 

Player 2: “𝟑
𝟒
” 

Player 1: “1𝟏
𝟒
 ” 

Player 2: “1𝟑
𝟒
” 

and so on. 

 
The winning strategy for this game is to say numbers that are multiples of  ¾, that is: 𝟑

𝟒
, 1𝟏

𝟐
 

2𝟏
𝟒
 , 3, 3𝟑

𝟒
, 4𝟏

𝟐
, 5𝟏

𝟒
, 6, 6𝟑

𝟒
, and finally 7𝟏

𝟐
.   

After playing the Fraction Game, some students may notice the relationship between the 

two sets of numbers on the number strips shown in Figure 2. 

3 6 9 12 15 18 21 24 27 30 

 

𝟑
𝟒  

 

= 
𝟑
𝟒
  

1𝟏
𝟐
  

 

= 
𝟔
𝟒
  

2𝟏
𝟒
  

 

= 
 

𝟗
𝟒 

3 
 

= 
 

𝟏𝟐
𝟒  

3𝟑
𝟒

 

 

= 

 

𝟏𝟓
𝟒  

4𝟏
𝟐
 

 

= 
 

𝟏𝟖
𝟒  

5𝟏
𝟒
  

 

= 
 

 𝟐𝟏
𝟒

 

6 
 

= 
 

𝟐𝟒
𝟒  

6𝟑
𝟒
  

 

= 
 

𝟐𝟕
𝟒  

7𝟏
𝟐
  

 

= 
 

𝟑𝟎
𝟒  

 

Figure 2. Number strips showing sets of related numbers 
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If students are not able to add fractions, give them a simple ruler like that shown in 

Figure 3, with whole, half and fourth marks.  

 

 

 

Figure 3. Inch ruler (not to scale) 

What is outstanding about the games described in this article is that while they help 

develop computational fluency, they also provide opportunities to develop students’ 

mathematical reasoning and mathematical problem solving talents. Furthermore, the games will 

enhance students’ abilities to make sense of problems, persevere in solving them, reason 

abstractly and quantitatively, construct viable arguments, critique their own reasoning and the 

reasoning of others, model with mathematics, attend to precision, look for and make use of 

structure, and look for and express regularity in repeated reasoning; the  Standards for 

Mathematical Practice (NGA & CCSSO, 2010). 
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Not Word Problems! 

Nanci N. Smith, Ph.D. 

Abstract: Many students have difficulty with word problems, and lose interest before having 
opportunities to explore them in greater detail. What can be done to help students change their 
mindset about them? This article gives three tips for engaging students with word problems.  
 

I’ve begun to feel that students’ general dislike for word problems has grown. It’s always 

been pretty poor, but I hear almost everywhere I go that students just can’t seem to solve word 

problems. By contrast, naked (no words) number problems? Those they can do fairly well.  

With the renewed Standards for Mathematics (NGA & CCSSO), and the priority placed 

on learning math within context, I had hoped that by 2017, solving word problems would no 

longer be an issue. Although I have no cure, I do have some ideas about how to engage students 

and teach them how to solve those “dreaded” word problems. 

Typically in teaching, we begin a unit with a skill. We develop the skill (or skills) with 

lots of practice. Then we conclude the unit by applying the skill to the solution of word 

problems. If you are using a resource that follows this type of sequence – skill introduction, skill 

practice, word problem (skill application) – that approach may be one of the fundamental 

problems. Skills should be introduced within word problems. In fact, I love starting class with 

a contextual problem that I have made to sound like my personal dilemma of the day, and have 

students ask questions and try to figure out what to do about my problem. If students can’t figure 

it out, that is great. You see, I’ve now created the need to learn the skill I’m about to teach!  
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Examples:  

Ø I asked a group of fourth grade 

students to help me figure out how 

much it would cost to retile my 

pool. I showed them a picture of the 

pool and they began to work. The 

lesson? Perimeter with irregular 

shapes, but also, unit rates and multiplication with decimals! (I had tile samples and prices 

to complete the challenge.) 

Ø How about the seventh grade teacher who asked his students if they could figure out how 

many seventh grade students were wearing hoodies that day? The lesson? Proportional 

reasoning! 

Ø Or the high school geometry teacher who asked his students if he had time to mow his front 

lawn before his pool (which was currently half-filled) overflowed? The lesson? Volumes 

and rates of change. 

Tip #1: Wrap all skill development within a context that is or seems like a real problem, not 

a textbook word problem. This also will address Standard for Mathematical Practice (SMP) 

2: Reason abstractly and quantitatively, and SMP 4: Model with mathematics (NGA & 

CCSSO, 2010). 

 It seems that at some time during their teacher careers,  almost all math teachers have 

been instructed to tell students to begin solving a word problem by circling  or underlining 

important information in the problem… phrases like “in all” or “altogether,” which must 

mean “to add.” In grade 4 textbooks, where extraneous information is included in word 
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problems, we typically instruct students to cross through anything that is extra and doesn’t 

help. If this strategy actually worked, I probably wouldn't be writing this article.  

Instead, students need to make sense of the problem, not try to figure out what should be 

highlighted. For example, when encountering a word problem for the first time, students 

should work in pairs, with the first partner reading the problem (in primary grades, if students 

don’t read, the teacher reads) and the second partner explaining what the problem means. The 

first partner can then,  in his or her own words, rephrase the problem. Have several students 

explain their interpretations of the problem to the whole class. One thing we do that hurts our 

students is to read and explain the problem to them! (When does someone read and explain 

the problems for them on an assessment?) 

My next step might surprise you. After making sense of the problem, I have students 

write the sentence that will answer the problem, leaving a blank for the actual numeric 

answer, which they have not yet found. For example, a student might write, “The volume is 

_____ cm3.” This prompts students to think about what the answer might look like. At the 

end of solving, when they fill in the blank, they can ask themselves if this is what they 

actually found and if their answer is reasonable. 

Finally, have students think about and strategize every possible way to solve the problem. 

This includes using manipulatives, drawing pictures, discussing any previous problems they 

completed that might help, dramatizing, using models, and any other ways to enhance 

solution success. 

Tip #2: Make sense of the problems using common sense, not key words, phrases or any 

other memorized approach. This procedure will enable students to make sense of problems 

and persevere in solving them- SMP1 (NGA & CCSSO, 2010). 
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 One more idea that might facilitate the solving of word problems, is the activity that I 

named, Nod and Trade (Smith, N.N., 2017 pp 25-26). It is adapted from a strategy in English 

Language Arts shared by Teachers’ College, Columbia University. The idea behind Nod and 

Trade is that students write and solve a basic “naked number problem” on one side of an 

index card. On the other side of the card, they write a word problem for which their number 

problem is the solution. Here are the steps: 

1. Give each student a note card or a piece of paper folded in half. Have students write a 

number problem on one side of the card or paper.  

2. After students solve the number problems, have each student create a word problem on 

the backside of the card or paper for which the number problem  is the solution. A 

warning: Most students, regardless of age, have great difficulty with this activity. Their 

teachers often have never asked them to create word problems, only solve them. Consider 

making a template that students can use to write the problem. It might look a little like a 

Mad Lib with blanks to fill in. Templates may vary based on the computations required. 

 

 

 

 

Figure 1. A problem template from Smith, N. 2017, p 25 

3. Collect the cards and review them. Check that the word problems and number problems 

are correct and match. If not, correct them.  

4. During the next day, have students place their problem cards on their desks with their 

word-problems showing. Their names should also be recorded next to the word problems. 

________	had	___________	______________.	Then	he	or	she	got	____________		
Name	 	 Number				Noun/Thing	 	 	 	 Number	
	
	
more.	How	many	______________	are	there	now?	
	 	 							Noun/Thing	
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Direct students to go to different desks. Have each student write the name of the student 

whose problem he or she is solving, solve the problem, and circle it on a recording sheet. 

Then have students check their answers by comparing their answers with those on the 

backs of the problem cards. You can also have students record whether they agree or not 

with the answers on the backs of the cards. To facilitate the activity, I created a simple 

recording sheet with 3 columns: 1) Whose Problem? (Record the name of the student 

whose problem you are solving), 2) Work and Solution, and 3) Agree/Disagree? (with the 

answer).  

5. After completing a problem, a student stands up and looks for another student who is 

standing, indicating that he or she is also ready for a new problem. Students make eye 

contact, nod at each other, and trade places. Now each student has another problem to 

solve.  

The Nod and Trade activity can continue until the teacher determines a stopping time.  

The writing of a word problem facilitates understanding of how to read and solve word 

problems. Furthermore, it is fun! The Nod and Trade activity addresses both the contextualizing 

and decontextualizing found in SMP 2 (NGA & CCSSO, 2010).  

Word problems do not have to be the bane of our students’ (and ours!) existence. 

Changing formal word problems into personal dilemmas for which you need your students’ input 

begins changing attitudes. Not having a “right way” to approach a word problem, and trying to 

make logical sense of situations, also goes a long way to building confidence and restoring 

intuition about how the world works. Finally, have some fun with writing and trading word 

problems. By the way… If a train leaves the station at… Oh never mind! 
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Getting Fractions onto The Number Line 

Rachel Bachman and Cora Neal 

Abstract: This article presents a classroom activity that provides a context for facilitating 
meaningful conversations about the magnitudes of fractions. Throughout the activity, students 
are prompted to interpret questions, develop solution methods, and construct viable arguments to 
defend their solutions and conclusions.   
   

The Common Core State Standards for Mathematics (NGA & CCSSO, 2010) requires 

students in Grade 3 to understand a fraction as a number on the number line.  Students need to 

understand that !
!
 divides the interval 0 to 1 into b equal parts, and that !

!
 can be located on a 

number line by marking off a lengths of !
!
 between 0 and 1. In grade 4, students must be able to 

recognize equivalent fractions and compare fractions with different numerators and 

denominators. In Grade 6, students have to be able to place rational numbers on horizontal and 

vertical number lines. This article an activity that addresses these Standards and provides a 

context for facilitating meaningful conversations about the relative magnitudes of fractions.  

Background  

In Lessons for Introducing Fractions (Burns, 2001), Marilyn Burns uses Fraction Kits as 

a way to introduce fractions, build the idea of partitioning 1 into equal parts, and make 

connections between equivalent fractions. Fraction Kits (see Figure 1) for early grades are 

composed of a strip showing different ways to represent one with halves, thirds, fourths, sixths, 

eighths, twelfths, and sixteenths. Each student can make a Fraction Kit by folding, labeling, and 

cutting strips of tagboard. Burns describes several games and activities that can be done with the 

Fraction Kit, including Covering Up (p.24). In this game, students roll dice with fractions 

marked on their faces, use their strips to represent the fraction, and be the first to do so. 
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Figure 1. A depiction of Marilyn Burns Fraction Strips 

As well as building understanding of the equal partitioning of one, and developing visual 

images of equivalent fractions, Fraction Kits may be used to build conceptual understanding of 

all operations with fractions. The pieces easily illustrate the need for common denominators 

when adding and subtracting fractions. For example, when adding !
!
 and !

!
, after placing the !

!
 

strip to the right of the !
!
 strip, students search for fraction strips with the same denominator that 

can represent both !
!
 and !

!
.  Those are !

!"
 and !

!"
.  Then, !

!"
  +  !

!"
 = !

!"
.   

To determine the product, !
!
× !
!
, the strips can again be used to represent the factors. To 

begin, show three !
!
 strips lined up.  Have students point to one-third of this total, and then to 

two-thirds of the total. Without much work, it is easy to see that !
!
× !
!
 is two-fourths (or one-

half).  

Modeling division of fraction with the strips is just as straightforward. For example, 

!
!
÷ !

!"
 translates to asking, “How many !

!"
 pieces are equal in length to !

!
?” 
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A Beginning Number Line Task  

  Fraction strips also may be used to facilitate understanding of fractions on a number line. 

Begin by taping two 8.5”x11” pieces of paper end-to-end, along their short sides. Have each 

student draw a line across the middle of the paper parallel to the long side of the paper. That is 

the line where numbers will be placed.  Begin with one. Have students line up their pieces equal 

to one with the left side of the paper, as shown in Figure 2. Then mark the end of the strip with a 

1 on the paper.  

  

Figure 2. Placing 1 on the number line 

  Using one of the half strips, mark halves on the number line.  Have students mark as 

many half strips as will fit along the length of the number line, as shown in Figure 3.  

  

Figure 3. Placing ½ on the number line 
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  Now it is time to place fourths on the number line. Have students measure portions equal 

to one-fourth of the whole, as shown in Figure 4. With this fraction, students encounter a 

measurement already recorded on the line (!
!
). This equivalent measurement can be noted under 

the original label, as shown in Figure 4. Also new is that the fraction strip !
!
 fits to the right of 

one. This invites a conversation of what to name this mark. In lower grades that have yet to 

explore notation for mixed numbers or improper fractions, students can still discuss what to label 

this point. and may arrive at “1 and !
!
” or "1+ !

!
”. For higher-grades, ask students to use the 

number line representation to support their arguments of what to name the point. The number 

line provides a clear visual image for both 1 !
!
 and !

!
.  

  
Figure 4. Placing fourths on the number line 

 When the number lines are completed, the scene is set for some interesting 

number-line inspired class discussions.   

For third grade, the completed number line will look like Figure 4. Possible class discussion 

questions you might use, are: 

1. Without measuring, how would you determine where to place  !
!
 on your number line? 

(After students offer solutions, they can use a !
!
 piece to verify their answers.)  
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2. How would you determine where to place !
!
 on your number line? (Note that this strip is 

not included in the third grade Fraction Kit.)  

The second question has great potential for stimulating multiple answers. Some students might 

choose to fold the whole unit into three equal parts to determine the length of !
!
. Others may 

argue that a !
!
 strip must be “bigger” than !

!
 and “smaller” than !

!
. With the latter response, you 

can ask, “Is !
!
 closer to !

!
, or is it closer to !

!
, or is it half-way between?” (The answer to this 

question is not always immediately obvious to our university students!) 

  For upper elementary and middle school students, the finished number line might look 

more like Figure 5 that includes halves, thirds, fourths, sixths, and eighths. Possible class 

discussion questions based on this number line, include:  

1. Without measuring, how would you determine where to place !
!"

 on your number line? 

(After students determine a solution, they can use a !
!
 strip to check.)  

2. Without measuring, how many sixteenths would each of the marks already on your 

number line be equivalent to? (After students determine a solution, they can use a !
!
 strip 

to check.)  

3. How would you determine where to accurately place !
!
 on your number line? (Note that 

this piece is not included in the Fraction Kit.)  

4. How would you determine where to place 0.3 on the number line?  

5. Make a recommendation for placing !
!"

 on the number line. Defend your 

recommendation.  
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Question 3 has stimulated lengthy discussions among our college students. Some students 

choose to measure the unit length, divide it into five pieces, and use this length to mark off one 

fifth. Other students recognized that !
!
 would be greater than !

!
 because the whole is separated 

into fewer pieces.  Likewise, !
!
 is less than !

!
.  We continued the discussion by asking if !

!
 is 

halfway between !
!
 and !

!
.  Although most of the class thought !

!
 is halfway between !

!
 and !

!
, 

dissenting views began to circulate.  The students pointed out that !
!
 is not halfway between !

!
 and 

!
!
, despite the fact that 6 is halfway between 4 and 8.  Other students decided to express !

!
 and !

!
 in 

terms of sixtieths, in order to determine where !
!
 should lie relative to those two fractions.  Still 

other students used decimal equivalents to argue that !
!
 would be closer to !

!
 than to !

!
.   

  
Figure 5. Upper elementary and middle school completed number line 

Discussion  

As well as addressing many of the Common Core State Standards (NGA & CCSO, 2010) related 

to fractions in Grades K-6, this activity also meets the goals stated in the Mathematical Practices, 

and provides opportunities for teachers to exercise the eight mathematical teaching practices 

described in Principles to actions: Ensuring Mathematical Success for all (NCTM, 2014). 

Students are encouraged to contemplate the patterns and structures that emerge in the number 

line to answer questions about the location of other fractions.  They are prompted to develop 

their own solution methods, and construct viable arguments to defend their solutions. They are 

prompted to attend to precision and rely on the definition of !
!
 partitioning 1 into b equal parts.  
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Using these fraction strips and the number lines, teachers have the opportunity to build students’ 

conceptual understanding.   
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Holiday Mathematics 
Yifan Tian 

Abstract: As the academic year winds down, this article provides challenging mathematical 
problems for you to use to continue to engage your students. The problems are attached to 
holidays for the months of April, May, June and July, some national and others, rather strange.  

 

Holiday celebrations offer opportunities for students to solve challenging mathematical 

problems. They are challenging because they are not short-term, and require that students model 

with mathematics, reason abstractly and quantitatively, and persist as they: 

• Make sense of the problems – what is the problem to be solved? 

• Identify needed data, gather those data, including the interpretation of diagrams, tables 

and other data sources;  

• Organize and analyze the data; and 

• Bring the data to bear to solve the problems. 

To conclude your school year, you may want to try these “month” problems with your 

students. They are written so that you can freely duplicate them for students to solve. Although 

answers are provided, these aren’t necessarily the methods your students may employ. Enjoy! 
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National Scrabble Day: April 13 
 
Scrabble is a word game played 
on a game board marked with a 
15×15 grid. 

 

 

 

 

 

 

 
 

Scrabble Board 

 

1. How many squares are in a Scrabble Board? (Include all dimensions, 
1 by 1 through 15 by 15) 
 
 
 

 

2. How many rectangles (including squares) are in a Scrabble Board? 
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National Bike to Work Day: May 20 
 

 
 

 
 
There is a wide variety of bicycles, with great variance in wheel size. 

Bike # Type of Bicycle Diameter of Front Wheel 

1 Most common bicycle in the world, the 
Flying Pigeon 

710 mm 

2 Old early bicycles 1500 mm 

3 Smallest Tour de France 550 mm 

4 Largest Tour de France 700 mm 

 

On each bike, the front wheel rotates 500 times: 

1. How much farther will Bike 2 travel than Bike 1? 
 

2. How much farther will Bike 2 travel than Bike 3? 
 

3. How much farther will Bike 4 travel than Bike 3? 
 

4. To travel 5 kilometers, how many times will the front wheel of Bike 4 
rotate?
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National Flag Day: June 14 
 

The American flag is composed of two parts: the Canton that is the 
blue field with 50 stars representing the states, and the Stripes, 
alternating red and white, representing the 13 original colonies. 

 

 

 

 

 

 

 

 
 

Each stripe is a rectangle. By combining adjoining stripes of the same 
length (short or long), more rectangles can be formed. For example, 
Stripes A and B form a short rectangle. Stripes JKL form a long 
rectangle. 

1. How many short rectangles can be formed by the stripes on the flag? 
 

2. How many long rectangles can be formed by the stripes on the flag? 
 

By combining adjoining short and long rectangles, hexagons are 
formed. For example, stripes G, H, and I form a hexagon. 

 

3. How many different hexagons can be formed by the stripes on the 
flag?

A 
B 

C 
D 
E 
F 
G 
H 

I 
J 
K 
L 
M 
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Creative Ice Cream Flavors Day: July 1 
 

Baskin Robins sells 31 different flavors of ice cream. 

 

1. How many double-dip cones, with 
the same or different flavors, can 
be created? 

 

2. How many different triple-dip 
cones, with the same or different 
flavors, can be created? 

 

Heladería Coromoto, an ice cream store in Mérida, Venezuela, is 
known for offering a total of 860 different flavors! The store typically 
offers 60 different flavors of ice cream each season. 

 

With 60 different flavors: 

3. How many double-dip cones, with the same or different flavors, can 
be created? 

 

4. How many different triple-dip cones, with the same or different 
flavors, can be created? 

 

5. How many double-dip cones, with no flavor repeated, can be 
created? 
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Solutions to the Holiday Problems: 
April 13: National Scrabble Day 

1. 152 (1 tile) + 142 (4 tiles) + 132 (9 tiles) + 122 (16 tiles) + 112
 (25 tiles) + 102 (36 tiles) + 92 

(49 tiles) + 82 (64 tiles) + 72 (81 tiles) + 62 (100 tiles) + 52 (121 tiles) + 42 (144 tiles) + 32 
(169 tiles) + 22 (196 tiles) + 12 (225 tiles) = 1240 tiles 

2. A rectangle consists of two pairs of parallel lines; one pair being perpendicular to the other. 
So, we have to find the number of ways in which we can select these two pairs in the 
Scrabble board. Let the first pair be horizontal and the second, vertical. You can select two 
horizontal lines (first pair) from 16 horizontal lines in 16 C 2 = !"!

!!×!"!
= 120 ways. For each 

pair selected horizontally, you can then select a vertical pair. The number of ways to select a 
vertical pair would be the same. So, the total number of ways to select the two pairs (hence, a 
rectangle) is 120 × 120 = 14,400.  

May 20: National Bike to Work Day 

1. Bike #1 circumference: πd1 = π × 710 mm 
Bike #2 circumference: πd2 = π × 1500 mm 
Multiply each by 500 rotations 
D1 = distance traveled by Bike #1: D1 = 500 × π × 710 mm 
D2 = distance traveled by Bike #2: D2 = 500 × π × 1500 mm 
D2 – D1 = (500 × π × 1500 mm) – (500 × π × 700 mm) = 395,000π mm ≈ 1,240,929 mm 
Convert to meters: 1,240,929 mm ÷ 1000 mm/m ≈ 1,241 m 

 
2. Bike #2 circumference: πd2 = π × 1500 mm 

Bike #3 circumference: πd3 = π × 550 mm 
Multiply each by 500 rotations 
D2 = distance traveled by Bike #2: D2 = 500 × π × 1550 mm 
D3 = distance traveled by Bike #3: D3 = 500 × π × 550 mm 
D2 – D1 = (500 × π × 1500 mm) – (500 × π × 550 mm) = 475,000π mm ≈ 1,492,257 mm 
Convert to meters: 1,492,257 mm ÷ 1000 mm/m ≈ 1,492 m 
 

3. Bike #4 circumference: πd4 = π × 700 mm 
Bike #3 circumference: πd3 = π × 550 mm 
Multiply each by 500 rotations 
D4 = distance traveled by Bike #4: D4 = 500 × π × 700 mm 
D3 = distance traveled by Bike #3: D3 = 500 × π × 550 mm 
D4 – D3 = (500 × π × 700 mm) – (500 × π × 550 mm) = 75,000π mm ≈ 235,619 mm 
Convert to meters: 235,619 mm ÷ 1000 mm/m ≈ 236 m 

 
4. Diameter = 700 mm 

Distance per rotation (circumference) = π × 700 mm 
Divide the total distance, 5 km, by the circumference 

! !"
! × !"" !!

 = !,!!!,!!! !!
! × !"" !!

  ≈ 2,274 rotations 
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June 14: National Flag Day 

1. One Stripe: A, B, C, D, E, F, G    7 rectangles 
Two Stripes: AB, BC, CD, DE, EF, FG   6 rectangles 
Three Stripes: ABC, BCD, CDE, DEF, EFG  5 rectangles 
Four Stripes: ABCD, BCDE, CDEF, DEFG  4 rectangles 
Five Stripes: ABCDE, BCDEF, CDEFG   3 rectangles 
Six Stripes: ABCDEF, BCDEFG    2 rectangles 
Seven Stripes: ABCDEFG    1 rectangle 
1 + 2 + 3 + 4 + 5 + 6 = 28 

 
2. One Stripe: H, I, J, K, L, M    6 rectangles 

Two Stripes: HI, IJ, JK, KL, LM    5 rectangles 
Three Stripes: HIJ, IJK, JKL, KLM   4 rectangles 
Four Stripes: HIJK, IJKL, JKLM    3 rectangles 
Five Stripes: HIJKL, IJKLM    2 rectangles 
Six Stripes: HIJKLM     1 rectangle 
1 + 2 + 3 + 4 + 5 + 6 = 21 

 
3. The use of “-” means through and including both ends. 

A-H, A-I, A-J, A-K, A-L, A-M    6 hexagons 
B-H, B-I, B-J, B-K, B-L, B-M    6 hexagons 
C-H, C-I, C-J, C-K, C-L, C-M    6 hexagons 
D-H, D-I, D-J, D-K, D-L, D-M    6 hexagons 
E-H, E-I, E-J, E-K, E-L, E-M    6 hexagons 
F-H, F-I, F-J, F-K, F-L, F-M    6 hexagons 
G-H, G-I, G-J, G-K, G-L, G-M    6 hexagons 
6 + 6 + 6 + 6 + 6 + 6 + 6 = 42 

July 11: Creative Ice Cream Flavors Day 

1. 312 = 961 
2. 313 = 29,792 
3. 602 = 3,600 
4. 603 = 216,000 
5. 60×59 = 3,540
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Algerobics and HOY VUX! 

Beth Lazerick, Ph.D. 

Abstract: “Algerobics” engages students in the graphing of functions using physical movement. 
This type of kinesthetic activity reflects kinesthetic intelligence, described by Martin Gardner as 
Frames of Mind: The Theory of Multiple Intelligences (New York, NY: Basic Books, 1993). 
Using active learning encourages students to view graphs in a different way. The use of 
acronyms also helps students remember how to graph horizontal and vertical lines, which often 
pose difficulties. 
 

While you are exploring the graphing of lines and teaching the concept of slope, consider 

a different approach. Try some algerobics. “Everyone. Stand up, face the back of the room, and 

extend your arms parallel to the floor. Your body is at Y = 0. Now let’s model each of the 

following.” Editor’s Note: Photos of backs of heads on top of the stick figures were used in a 

playful manner to depict people from the back facing forward.  

1. Y = X  

Action: Extend your straight right arm up diagonally to form a 45 degree 

angle with the X-axis. Extend your straight left arm diagonally towards the 

floor to form a 45 degree angle with the X-axis. Your two arms should 

form a straight line. 

 

2. Y = - X (tilt arms the other way) 

Action: Extend your straight left arm up diagonally to form a 45 degree 

angle with the X- axis. Extend your straight right arm diagonally towards 

the floor to form a 45 degree angle with the X-axis. Your two arms should 

form a straight line.  
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3. Y = 2x 

Action:  Extend your straight right arm up diagonally to form a 60 degree 

angle with the X-axis. Extend your straight left arm diagonally towards the 

floor to form a 60 degree angle with the X-axis. Your two arms should form 

a straight line. 

 

4. Y = 𝟏
𝟑
X  

Action: Extend your straight right arm up diagonally to form a 30 degree 

angle with the X-axis. Extend your straight left arm diagonally towards the 

floor to form a 30 degree angle with the X-axis. Your two arms should 

form a straight line.  

 

5. Y = 2  

Action: Extend your outstretched straight arms parallel to the floor and 

rise up on tip-toes to simulate positioning a straight line above the X-axis. 

 

 

 

6. Y = -3  

Action: Extend your outstretched straight arms parallel to the floor and 

bend your knees to simulate positioning a straight line three units below 

the X-axis. 

 

Y	=	!
!
X		
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7. X = 2  

Action: Extend your straight right arm, covering your right ear, 

pointing towards the ceiling and your straight left arm pointing towards 

the floor and keeping it as close to your body as possible.  Then take 

two small steps to the right to simulate positioning a vertical line two 

units to the right of the Y-axis.  

 

8. X = -3 

Action: Same as X=2 but take three small steps to the left to simulate 

positioning a vertical line three units to the left of the Y-axis. 

 

 

 

 

9. Y = l X l 

Action: Extend your arms in a V-shape towards the ceiling creating 45 

degree angles with the Y-axis. 

 

 

10. Y = - l X l 

Action: Extend your arms in a V-shape towards the floor creating 45 

degree angles with the Y-axis. 
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11. Y = X3  

Action: Extend your right arm with your elbow bent toward the ceiling 

and your left arm with elbow bent toward the floor. 

 

 

 

 

 

 

12. Y = x3 -2  

Action: Extend your right arm with your elbow bent toward the ceiling 

and your left arm with elbow bent toward the floor. Then bend your 

knees to simulate positioning the parabola two units below the X-axis. 

 

 

 

 

 

 

13. Y = x2 

Action: Extend both arms with elbows curved toward the ceiling in a “U” 

shape to simulate a parabola facing upwards.   

 
 
 

Y	=	X3	
	

Y	=	X2	
	

Y	=	X3-
2	
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14. Y = x2 +2  

Action: Extend both arms with elbows curved toward the ceiling in a 

“U” shape. Then rise up on tip-toes to simulate a parabola that is 

positioned two units above the X-axis.  
 

 

15. Y = - x2 

Action:  Extend both arms with elbows curved towards the floor in an 

“n” shape to simulate a parabola opening downward.   

 

 

 

As students gain more experience demonstrating positions on a graph, they will want to 

add more “graphs” and be eager to be the instructor. This exercise (pun intended) is guaranteed 

to put a smile on faces and energy back into the classroom.   

 

 

 

 

 

 

 

Y	=	-X2	

Y	=	
X2+2	
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HOY--VUX 

Now what about the difficulty in getting students to differentiate between and graph 

horizontal and vertical lines? Try these acronyms written exactly like this: 

H O Y V 
 U 
 X 
Read these as “HOY-VUX”. 

 

 

 

These acronyms seem to help students remember the important ideas. Encourage students 

to write these “helpers” in exactly this way to emphasize “horizontal” and “vertical.” 

Graph on! 

Reference: 
Gardner, Martin (1993). Frames of mind: The theory of multiple intelligences. New York, NY: 

Basic Books. 
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Horizontal lines have slopes = 0 and y is a zero or non-zero value. 

Vertical lines have undefined slopes and x is a zero or non-zero value. 
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The Box Problem from A Calculus Point of View 

Valentina Postelnicu, Ph.D. 

Abstract: A Calculus lesson, organized like a game of knowledge, and focusing on solving 
optimization problems, is presented in this article. The task, developed as a game, is to maximize 
the volume of a box constructed from a rectangular sheet of paper. During the four phases of the 
game (action, formulation, validation, institutionalization), the focus is on the mathematical 
content and the way in which students and the teacher interact with it. Validation and 
institutionalization are crucial for the construction of mathematical knowledge. Students’ 
knowledge is publicly validated after which the teacher institutionalizes the students’ knowledge 
and constructs “textbook” knowledge. The indispensible role of the teacher is described at the 
conclusion of the article. 
 

The game presented in this article, and used with my Calculus students, was inspired by 

Brousseau’s Theory of Didactical Situations (1997). The words and phrases in bold are those 

defined by Brousseau. Target knowledge represents what I want my students to learn, in this 

case the algorithm for solving optimization problems.  Task is what I ask my students to do. For 

this problem, I gave each of my students a sheet of paper (8.5” by 11”), directed them to remove 

square corners and turn up the sides of the paper to obtain a box without a top (Figure 1), and 

solve the Box Problem. 

 

 

 

 

 

Figure 1. Box construction Figure 2. Examples of boxes 
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After students made their boxes, I collected and showed three of them to my students 

(Figure 2), and asked students to: 1) Compare the boxes’ volumes, 2) Comment on what 

influenced the differences in the volumes, and 3) Decide which box has the greatest volume. My 

questions led naturally to the big question: Given the constraints (limited material, specific box 

shape), how can you construct a box with no top such that it has the maximum volume? Below is 

the task assigned to students: 

After I introduced the task, I carried out the “game” of knowledge employing the four 

phases: 1. action, 2. formulation, 3. validation, and 4. institutionalization. Below is a 

description of those phases as they occurred in my lesson.  

 1. During action (5-7 minutes), students engaged individually with the task. Some 

students barely engaged with the task (see Figure 3). 

 

 

 

 

 

Figure 3. Example of student work during the action phase 

It is clear from Figure 3 that the student had “no idea of how to begin,” and sketched drawings 

representing only the first two steps of the box construction. 

Box Problem 

Given a rectangular (width 8.5” by length 11”) sheet of paper, make a box with no top 

by cutting congruent squares from the corners.  Figure out the length of a side of the 

cut-off square that maximizes the volume of the box. 
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2. In the formulation phase (5-8 minutes), students, working in pairs, communicated 

their solution strategies to their partners. An example of a student’s work from the formulation 

phase is shown in Figure 4.  This student is the same one whose answer from the action phase is 

illustrated in Figure 3. 

 

 

 

 

 

Figure 4. Example of student work during the formulation phase 

When comparing Figures 3 and 4, working in pairs helped the student advance with his solution 

by including the formula for the volume of the box: xxxV )25.8)(211( −−= , in which x is the 

length of the side of each square removed from each corner of the sheet of paper.  

3. During validation (15-20 minutes), students were placed in two teams, and the game 

was played publicly. To ensure equitable participation, I randomly chose a team (Team A) to 

start the game, then chose a student from Team A to represent the team. That student is referred 

to as the Representative. After the selection, students from Team A agreed on a solution to the 

Box Problem, and coached their Representative who recorded the solution on the whiteboard. 

Any student from the other team, Team B, could ask the Representative to justify any step of the 

solution. Team A students could continue to coach their Representative with respect to the 

justification, while Team B students could consult among themselves to determine if the 

justification was acceptable. By “acceptable justification,” it means that statements are judged to 

be true. If the justification is acceptable, Team A scores one point. If Team A cannot provide an 
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acceptable justification, and Team B can provide it, then Team B scores one point. The team able 

to point out false statements made by the opposite team and justify the falsity, scores three 

points.  

This point allocation is recommended by Brousseau (1997) with the purpose of 

encouraging students to consider the value of truth of their statements, and to attend to the way 

they construct their knowledge. 

During the game I acted as a referee, and, when necessary, as a player. The following 

summarizes the important moments from the validation phase.  

The Representative wrote the following solution to the Box Problem (See Figure 5).   

 

 

 

 

 

Figure 5. Student solution during the validation phase 

As can be seen in Figure 5, calculations are presented without justifications or 

explanations. The first question asked by a student from Team B referred to the quadratic 

formula and its necessity.  The Team A Representative pointed to the coefficients of the 

quadratic equation (In Figure 5, see 5.937812' 2 +−= xxV ), and stated that they were “big 

numbers,” and he could not figure out a way to quickly factor the quadratic trinomial. Team B 

accepted the justification, hence Team A scored one point. None of the Teams noticed that in the 

quadratic formula, shown under the square root, the 278− should have been 2)78(− . As such, I 
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initiated a short discussion about the order of operations and the difference between  

2)78(− and 278− .  

The next question referred to the acceptable answer (shown with a check mark in Figure 

5). The Representative justified that only one answer was acceptable because the other one, when 

substituted into the volume formula, would result in a negative value for the volume. The 

justification was accepted by Team B, and Team A scored another point. I commented on the 

need to be aware of the approximations made for 21, xx  , and )(),( 21 xVxV  , respectively.  

Next, I asked about acceptable values for x. One student from Team B remarked that x 

needed to be positive and less than half the width of the box. This led to establishing the fact that 

V is a function defined on the open interval )25.4,0(  . Team B received more points.  

Another question I asked, at the heart of the optimization problems, referred to the 

Calculus technique and its justification for finding extrema points. I asked the Representative 

why she proposed as possible extrema x –values, those x values found as solutions of the 

equation 0)(' =xV . After consultations with her team, the Representative used a graphing 

calculator to graph V and V’, and sketched on the whiteboard the graphical representation, shown 

in Figure 6a. 

 

 

 

 

Figure 6a. Student answer (proposed) for validation 

As can be seen in Figure 6a, two qualitative graphs are sketched, one with a solid and the 

other one with a dotted line. There are no labels for the system of coordinates, the functions 
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graphed, or the important points. After a long discussion aimed at providing the required 

justifications, the Representative sketched the graphical representation shown in Figure 6b.   

 

Figure 6b. Student answer (after discussion) for validation 

The Representative explained that in Figure 6b, the graph of V was sketched using a solid 

line and the graph of the derivative V’ was sketched using a dotted line.  Team A helped their 

Representative with the interpretation of the x-intercepts of the graph of V’, i.e., their meaning 

for V(x) (In Figure 6b, the point labeled 2x on the x-axis, and the point of local maximum labeled 

),( 22 yx on the graph of V). According to Fermat’s Theorem, if )( 22 xVy = is an extremum, then 

0)(' 2 =xV  (see Stewart, 2016, p. 279).  

Worth mentioning, I did not expect that the Representative and her team would make the 

graphical connection between the local extremum points and the zeros of the derivative of a 

function, but I welcomed it. Throughout the entire course I emphasized the connections between 

representations. 

Team A failed to justify why the point ),( 22 yx is a point of maximum, and Team B 

scored one point for a justification accepted by Team A. Their justification was based on the 

definition of the local maximum and the graphical representation of V. In Figure 6b, notice that V 

is increasing for values less than 2x  and is decreasing for values greater than 2x . 
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4. During the institutionalization phase (10-15 minutes), the game was played by me on 

the whiteboard. I publicly validated the students’ solutions, and formulated a correct solution and 

an algorithm for solving a class of optimization problems (see Figure 7). 

 

Figure 7. Teacher’s use of students’ work for institutionalization 

When compared with Figure 5, you can see that I used and augmented the students’ work when 

describing an algorithm for solving optimization problems.  

In Summary: 

I. Constraints. Our mathematical model emerged from the real-life situation (see the 

drawings of the sheet, the sheet with removed corners, and the box in the top left corner of 

Figure 7) that imposed constraints on box dimensions (l, w, h represent the box dimensions, and 

x represents the length of the side of the cut-off square). 

II. Objective function. I pointed to the objective function (the volume function we needed to 

maximize) and that the initial formula for volume had three variables (l, w, h), hence the 

necessity to reduce it to one variable (x) by substituting the constraints in the formula for 

volume. In Figure 7, see the arrows  pointing from l to x211− , from w to x25.8 − , and from h 
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to x.  After obtaining V as a function of only one variable (x), I reminded my students about its 

domain, an open interval, 25.40 << x  (recorded in the top right corner of Figure 7). 

III.  Extrema points. I revisited the theoretical justifications underlying the algorithm for 

finding  extrema points ( in Figure 7, see equation 0)(' =xV  underlined and circled). Finally, I 

stressed the importance of checking/justifying which of the solutions of the equation 0)(' =xV  

met the conditions from the problem, and why it represented the absolute maximum.  

Teacher’s role 

 I conclude with comments about the role of the teacher in this game of knowledge. The 

teacher’s role is to: 1) Design the game/situation, 2) Establish the contract, and 3) Participate in 

the game as a referee and player. 

1) Prior to playing the game, the teacher designs the game, i.e., models a situation. This 

includes everything relevant to the process of teaching and learning including the target 

knowledge, task, and types of interactions between the mathematical content, students and the 

teacher, such that the teacher can teach and the students can learn from the situation. Equitable 

participation and justifications based on theory are essential features of the game of knowledge. 

2) The teacher explains the rules of the game, hence establishing a contract with her 

students.  In order for the teaching and learning to occur, the contract must be respected.  

3) Then, the game is played. The first two phases of the game (action and formulation) 

are similar to the organization of many math lessons. Less familiar may be the validation - when 

the game of knowledge is played publicly, and institutionalization - when the teacher uses the 

students’ knowledge and changes it into “textbook” knowledge. The new knowledge is 

constructed during validation and institutionalization, so these phases are crucial in the game 



  

 
The Box Problem from A Calculus Point of View  
 

69	

of knowledge.  The teacher is the referee and sometimes player during validation. The teacher is 

the main player during institutionalization.  

In conclusion, the teacher is indispensable in the game of knowledge. 
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What is Quantitative Literacy/Numeracy/Quantitative 

Reasoning? 

Brian Beaudrie, Ph.D. 

Abstract: This article offers various definitions of quantitative literacy, quantitative reasoning, 
and numeracy, as well as strategies that will develop students’ talents with each of these.  
 

Many politicians, business leaders, and educators use the terms “quantitative literacy” and 

“numeracy” as if they are commonplace ideas, but they are still relatively new terms. The term 

numeracy was first used in the Crowther Report (1959), a publication about the education of 

children, ages 15–18, in the United Kingdom. The report describes numeracy as “the mirror 

image of literacy” (p. 269), intended to include “not only the ability to reason quantitatively, but 

also some understanding of the scientific method” (p. 282). Twenty-three years later, the idea 

was again considered in the United Kingdom’s 1982 Cockcroft Report. This report states that 

“…the firm impression has built up…that functional innumeracy is far more widespread than 

anyone has cared to believe” (p. 5). The authors of the Cockcroft Report also refined Crowther’s 

definition of numeracy by minimizing the idea of understanding the scientific method in favor of 

what they termed, an “at homeness with numbers and an ability to make use of mathematical 

skills which enables an individual to cope with the practical mathematical demands of his 

everyday life” (p. 11). Although this report seemingly prompted research on the topic of 

numeracy in both Europe and the United States, the idea of numeracy did not emerge into 

mainstream thought in the United States until the 1988 publication of Innumeracy: Mathematical 

Illiteracy and its Consequences, by Temple University Mathematics Professor John Allen 

Paulos.  
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In practice, the terms quantitative literacy, mathematical literacy, quantitative reasoning, 

and numeracy, can all be considered synonyms, and will be used interchangeably in this article. In 

the literature, it appears that the term numeracy is the preferred term in Europe, Asia and Africa, 

while both quantitative literacy and quantitative reasoning appear to be the terms most often 

favored in the United States. 

Regardless of which term is used, finding a readily agreed upon definition is seemingly 

impossible. Although most mathematical terms (e.g. area, function, derivative) have almost 

uniformly exact definitions regardless of the textbook or resource the same cannot be said for 

quantitative literacy. No doubt, this confusion about the meaning of quantitative literacy adds to 

the confusion about whether or not people, or more importantly, students in K-12, are indeed 

quantitatively literate.  However, there are several good descriptions of the concept of quantitative 

literacy that were collected by University of Colorado Professor William Briggs (2002), all of 

which are displayed on his web site.  The following are but a few of the descriptions from that site. 

Quantitative Literacy is “the knowledge and skills 

required to apply arithmetic operations, either alone or 

sequentially, using numbers embedded in printed material (for 

example, balancing a checkbook or completing an order 

form).” (National Adult Literacy Survey, National Center for 

Education Statistics, 1993). 

Quantitative Literacy is “an aggregate of skills, 

knowledge, beliefs, dispositions, habits of mind, 

communication capabilities, and problem solving skills that 

people need in order to engage effectively in quantitative 
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situations arising in life and work.” (International Life Skills 

Survey, Policy Research Initiative, Statistics Canada, 2000). 

Mathematics literacy is “an individual's capacity to identify and understand the role that 

mathematics plays in the world, to make well-founded mathematical judgments, and to engage in 

mathematics in ways that meet the needs of that 

individual's current and future life as a constructive, 

concerned and reflective citizen.” (Programme for 

International Assessment, Organization for Economic 

Cooperation and Development, 2000). 

Elements of Quantitative literacy are “confidence in mathematics, cultural appreciation, 

interpreting data, logical thinking, making decisions, mathematics in context, number sense, 

practical skills, prerequisite knowledge, symbol sense.” (Lynn Arthur Steen, former Professor of 

Mathematics at St. Olaf College and former President of the MAA.) 

 “Quantitative literacy requires one to understand the nature of mathematics and its role 

in scientific inquiry and technological progress; to grasp sufficient mathematics to understand 

important scientific and engineering concepts; and to possess quantitative skills sufficient for 

responding critically to scientific issues in the media and public life.” (F. James Rutherford, 

Physics Educator and Founder of the AAAS Project 2061.) 

“The heart of quantitative literacy is real world problem solving—the use of mathematics 

in everyday life, on the job, and as an intelligent citizen. Problem solving must be both 

mathematically defensible and useful in the real world” (Henry Pollak, Applied Mathematician, 

Columbia University and former President of the MAA). 
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“Numeracy is not the same as mathematics. It is an aggregation of skills, knowledge, 

beliefs, dispositions, habits of mind, communication capabilities, and problem solving skills that 

people need in order to engage effectively and autonomously in quantitative situations arising in 

life and work.” (Iddo Gal, Professor, Applied Psychology, University of Haifa.) 

Although an exact, concise definition of quantitative literacy may not exist, it appears that 

many of the descriptions and definitions have some components or ideas in common. According to 

Beaudrie, et. al. (2010), these include: 

• Quantitative literacy involves real-life situations. Citizens must be quantitatively literate in 

order to understand the mathematics encountered in everyday life (e.g., unit conversions; sizes 

and measurements; polling results and other statistical data; and probabilities of everything, 

from being attacked by terrorists, becoming infected with the Zika or Ebola viruses, or winning 

the lottery.)  

• Quantitative literacy involves problem-solving. Memorizing a formula, inputting values, and 

obtaining a solution, are not considered problem-solving. To be considered quantitatively 

literate, an individual must be able to analyze a situation involving quantities for which a 

solution may not be readily apparent, devise a strategy to solve it, carry out that strategy, and 

then reflect on the solution to determine if it is reasonable, from a quantitative perspective. 

• Quantitative literacy involves a synthesis of several skills. As the definitions and 

descriptions show, there are several components to quantitative literacy and each, in its own 

way, contributes to the whole of being quantitatively literate. This seems to imply that 

quantitative literacy is not a separate skill in and of itself. Rather, it is infused into mathematics, 

and indeed, into most areas of curricula and everyday life. Therefore, quantitative literacy 

cannot be taught as a separate skill that can be mastered by the end of an instructional unit or 
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time period. The teacher of mathematics (and to some extent, all teachers) must recognize these 

facts, and work constantly to develop quantitatively literate students. This perspective parallels 

current trends seen in literacy instruction, where all educators, regardless of their specialized 

disciplines, must also be teachers of reading and writing. Thus, all educators should be teachers 

of quantitative literacy.  For example, a science teacher may highlight patterns that occur in 

nature; a history teacher can discuss the mathematics behind the battle of Gettysburg; and the 

literature teacher can emphasize arrangements in poetic verse.   

• Quantitative literacy involves responsible citizenship. As U.S. citizens are expected to be 

able to read and write proficiently, they should be expected to be quantitatively literate. The 

drawbacks to being quantitatively illiterate or innumerate, parallel those of being illiterate. If 

one is unable to sufficiently understand and analyze everyday quantitative data, such as budget 

deficits or interest rates, he or she is incapable of participating and contributing in society.  

So, how do teachers ensure that all of their students are gaining the abilities involved in 

being quantitatively literate, that their students possess that at homeness with numbers?  Although 

approaches vary depending upon discipline, there are a few simple strategies that teachers of all 

disciplines (not just mathematics) can use to assist their students on the path to becoming 

numerate.  

One strategy is to have students discuss their thinking when they are working with 

numbers. The more students do this, the better they will become at expressing and understanding 

key ideas of mathematics. 

A second strategy for developing quantitative literacy is a modification of a suggestion 

posted on Twitter by media literacy advocate Mike Caulfield. The strategy is to include 30 seconds 

of “Math” in news stories, as for example, the cost of a border wall between the U.S. and Mexico, 
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or the magnitude of U.S. foreign aid. This method is also recommended for teachers of all subjects: 

Add 30 seconds (or more) of quantitative reasoning to the topic you are teaching, as often as 

possible. LOOK for numbers in what you teach, and incorporate them. Note that merely including 

numbers is not enough. You must ensure that students make sense of the numbers as well, and why 

they are important to the situation under study. For example, imagine a teacher of history including 

the distance (and angle of elevation) of Pickett’s Charge while discussing the Battle of Gettysburg, 

and how those mathematical ideas played a crucial role in the failure of the maneuver. A 

geography teacher may include distances between major cities, or volumes of major rivers, while 

discussing how far Niagara Falls is retreating each year. A health teacher may employ math 

concepts and skills while putting into perspective how much sugar, on average, each American 

consumes each year (roughly 100 pounds!). By implementing one or both of these two strategies, 

you should begin to see a change in your students’ quantitative literacy abilities.   
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