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November 15, 2016  |  Reprinted with permission from: https://www.nctm.org/ 

Whether you are an elementary, middle level, or high school teacher, 
you are likely to have had parents say to you that they can’t help 
their children with their math homework. At the secondary level, the 
difficulty is often the content itself; at the elementary level, however, 
it is often a function of parents’ unfamiliarity with the instructional 
strategies that we use today to build conceptual understanding. 
 
In recent years, as new standards and instructional strategies have 
been implemented at the school and classroom level to build students’ 
conceptual understanding in addition to helping them meet traditional 
procedural fluency goals, parental concerns about math homework, 
particularly at the elementary level, have increased. Social media 
provide a new vehicle by which parents rapidly share examples and 
express their concerns about math homework and instructional 
strategies that they find confusing or unnecessarily complicated. 
 
A recent report from the Fordham Institute,  Common Core Math in the 
K–8 Classroom: Results from a National Survey, found that 85 percent of 
teachers reported a decline in parental reinforcement of math learning 
at home because parents do not understand the way that mathematics 
is being taught in school. This is an overwhelming percentage! 
 
This issue is not new. Mathematics homework has long been 
a conundrum for students, teachers, and parents alike (see 
NCTM’s  Homework History  Research Brief and Clip). Today some 
teachers, schools, and school districts are going so far as to limit or 
even ban homework in certain grades. To some degree, this is part 
of a historical cycle in the United States: homework falls in and out 
of favor every 15 to 20 years. Clearly, however, for many parents 
today, it is a hot topic that we need to address more effectively. 
 
Despite these calls to reduce or ban homework, most math teachers 
continue to assign it because we recognize that success—whether in 
mathematics, music, or athletics—depends on at least two common 
components: practice and perseverance. Too many adults, and students 
for that matter, tend to view success in mathematics as dependent on a 
talent that someone either is or is not born with. Several highly regarded 
researchers, including Carol Dweck and Jo Boaler, have demonstrated 
that this simply isn’t the case. Each and every student can learn more 

mathematics in the same way that an athlete improves his or her 
running time or a musician masters the technique required to play a 
piece of music—by receiving appropriate and effective instruction in a 
supportive environment, by responding to feedback, and by expending 
effort—trying again and again, while using different strategies—in short, 
by engaging in meaningful practice. 

However, as the Fordham Institute report recommends, we need 
to make the practice that goes home as straightforward and 
comprehensible as possible for parents. And we need to recognize 
that while we may discuss multiple solution methods in class, the 
goal is not for students to practice and master multiple methods; 
rather, it is for students to practice and develop proficiency with 
their preferred, well-understood, and most efficient method.   
 
Making homework comprehensible means, in part, that we need to 
be responsible for the types of tasks that we send home. Many of 
the instructional and homework tasks that frustrate parents reflect 
instructional strategies used to develop student understanding 
of underlying mathematical concepts. For example, in the fourth 
grade, an open array model for two-digit multiplication can 
illustrate partial products, place value, and the distributive property. 
However, sending home practice that requires students to solve 
multiplication problems by using an open array may not be advisable, 
because this approach is likely to be unfamiliar to many parents. 
 
Finally, we need to show parents the solution strategies that we are using 
in the mathematics classroom. Evidence suggests that once parents are 
shown, engaged in thinking about, and come to understand the strategies 
in use, their support increases. NCTM has a number of resources that can 
support parents in understanding school mathematics today, including 
the recent publication It’s Elementary: A Parent’s Guide to K–5 Mathematics, 
which offers clear explanations of many of the instructional strategies that 
parents may not have experienced when they were in school themselves. 
 
As mathematics teachers, it is our responsibility to share with parents 
the instructional strategies that we use in the classroom and make the 
practice that we send home comprehensible so that parents can engage 
with their children in constructive ways and support their mathematical 
learning.
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12 Math Rules That EXPIRE in the MIDDLE GRADES
Turn away from overgeneralizations and consider alternative terminology and notation to support student understanding.

By Karen S. Karp, Sarah B. Bush, and Barbara J. Dougherty

Reprinted with permission from Mathematics Teaching in the Middle School, copyright November, 2015, by the National Council of the Teachers of 
Mathematics (NCTM). All rights reserved.

Many rules taught in mathematics classrooms “expire” when students 
develop knowledge that is more sophisticated, such as using new 
number systems. For example, in elementary grades, students are 
sometimes taught that “addition makes bigger” or subtraction makes 
smaller” when learning to compute with whole numbers, only to find that 
these rules expire when they begin computing with integers (Karp, Bush, 
and Dougherty 2014). However, middle-grades students, especially those 
who are struggling, often try to force-fit the rules that they remember 
from the elementary grades to new concepts or skills. 

In this article, we present 12 persistent rules that expire. These are 
“rules” that we have found prevalent in our many years of working with 
students, from mathematics education literature, or in some cases, rules 
that we ourselves have taught and later regretted. In each case, we offer 
mathematically correct and more helpful alternatives. 

The Common Core’s Standards for Mathematical Practice (SMP) 
encourage precision, including the appropriate use of mathematics 
vocabulary and notation and the reasoned application of “rules” (CCSSI 
2010). This leads to instruction focused on sense making and reasoning—
the very experience described in NCTM’s Principles to Actions: Ensuring 
Mathematical Success for All (2014).

GETTING STARTED
Imagine this scenario in your mathematics classroom, in which you 
present the following set of one-variable equations:

 1.  –x + (5) = 8 3.  3x + 8 = –10 

 2.  –6 = 3(x + 1) 4.  –8 = 2x + 20

Which of these equations would your students choose to solve first or 
find the easiest? In our work, we found that students were comfortable 
solving equations 1 and 3 because they “looked normal” with the 
“operation” first (on the left side), followed by the “answer” (on the right 
side). Students often hesitated at equations that were similar to 2 and 
4 because the perceived “operation” and “answer” were arranged in a 
seemingly reversed order (see table 1). This inflexibility can be linked 
to the idea that middle school students often have yet to interpret and 
understand the equal sign as a symbol indicating a relationship between 
two quantities (Mann 2004). Additionally, students may think that the 
solution to an equation always goes on the right side of the equal sign. 
These overgeneralizations are not helpful and can have a negative impact 
on students’ conceptual understanding. We suggest that these students 
are experiencing rules that expire (Karp, Bush, and Dougherty 2014).

Table 1   Students’ analyses of reasoning provide illuminating information.

Equation Chosen 
as Easy

–x + (5) = 8 •  “I chose this because I can rewrite the 
equation as 5 – x = 8. That’s easier to solve.”

•  “It looks normal like stuff I did in first grade.”

•   “I don’t like this one ’cause you have  
to do parentheses.”

•   “My teacher last year said that you have 
to flip this one before you can do anything 
because the letter has to be on the left.  
I don’t like doing that.”

•   “I picked this one because the letter is on 
the left and it’s supposed to be.”

•   “You just have to turn this one around 
and then it’s easy. You gotta make sure 
the letter is on the left. I don’t know why 
math teachers put letters on the right.”

36

–6 = 3(x + 1) 18

3x + 8 = –10 44

–8 = 2x + 20 2

Student 
Reasoning

Percentage of Students 
Choosing the Equation  

(n = 50)
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We highlight rules sometimes used with middle school students that 
seem to hold true at the moment, given the content the student is 
learning at that time. However, students will later find that these rules 
expire. Sometimes taught as shortcuts with content that students 
learned in the previous grades, these rules expire when students use 
them inappropriately with more advanced problems and find that they 
are incorrect. Such experiences can be frustrating and can promote the 
belief that mathematics is a mysterious set of tricks and tips to memorize 
rather than concepts that relate to one another. For each rule that 
expires, we do the following (similar to Karp, Bush, and Dougherty 2014):

1. State the rule.

2. Discuss how students overgeneralize it.

3. Provide counterexamples.

4. State the expiration date or the point when the rule begins to fall apart.

12 Rules That Expire
1. KFC: Keep-Flip-Change.
When learning to divide fractions, students are sometimes taught to 
KFC (Keep-Flip-Change) or told “Yours is not to reason why, just invert 
and multiply.” Although both versions align with the standard algorithm, 
students might overgeneralize this rule to other operations with fractions. 
Additionally, these mnemonics and sayings do not promote conceptual 
understanding, making it challenging for students to apply them in a 
problem-solving context. Instead, division of fractions can be linked to 
whole-number division by asking how many groups of the divisor make 
up the dividend. Although students will eventually use the algorithm, they 
should gain a conceptual understanding of dividing fractions through the 
use of physical models (Cramer et al. 2010) or other methods, such as the 
common denominator strategy. 

Expiration date: Grade 6 (6.NS.1) 

2. Use the factor rainbow to factor.
Sometimes students are taught to create a “factor rainbow” to list all 
factors of a number. For example, if finding the factors of 20, students 
would write 1 and 20, then 2 and 10, and 4 and 5 (see fig. 1). The rule is 
taught so that once you identify factors that are consecutive numbers 
(e.g., 4 and 5), you have identified all factors. However, factors can be 
missed with this approach. Some numbers do not have consecutive 
factor pairs, as in when finding the factors of 40: 5 and 8 are the closest 
factors. Moreover, this rule expires when factoring a square number (its 
factors are not all paired) or when working with non-whole number 
factors, such as in algebra when students factor out fractional parts as 
well as variables. 

Expiration date: Grade 6 (6.NS.4)

3. The absolute value is just the number.
Students are sometimes told that the absolute value of a number is that 
number, with a positive sign. For example, |–4| = 4 because you drop the 
negative sign. Confusion sets in when students are presented with –|–4| 
because they are unsure what this represents. How can absolute value be 
negative? Without making sense of the meaning of absolute value (that 
is, its distance from zero on a number line), students may not interpret it 
correctly within particular contexts.

Expiration date: Grade 6 (6.NS.7)

4. Multiplication is repeated addition.
Considering multiplication as only repeated addition can result in 
students thinking that the expression 33 is equivalent to 3 + 3 + 3. This 
thinking leads to overgeneralizations because students come to believe 
that 3 raised to the third power means that 3 is used as an addend 3 
times. Writing such expressions in correct expanded form can help with 
this misunderstanding.

Expiration date: Grade 6 (6.EE.1)

5. PEMDAS: Please Excuse My Dear Aunt Sally.
This mnemonic phrase is sometimes taught when students solve 
numerical expressions involving multiple operations. At least three 
overgeneralizations commonly occur with this rule:

•   Students incorrectly believe that they should always do 
multiplication before division, and addition before subtraction, 
because of their order in the mnemonic (Linchevski and Livneh 
1999), instead of performing them in the order in which they 
appear in the expression.

•   Students perceive that the order of PEMDAS is rigid. For example, 
in the expression 30 – 4(3 + 8) + 9 ÷ 3, there are options as to where 
to begin. Students actually have a choice and may first simplify 
the 3 + 8 in the parentheses, distribute the 4 to the 3 and to the 8, 
or perform 9 ÷ 3 before doing any other computation—all without 
affecting an accurate outcome.

•   The P in PEMDAS suggests that parentheses are first, but this 
should also represent other grouping symbols, including brackets, 
braces, square root symbols, and the horizontal fraction bar. We 
suggest making sense of a problem. However, if using a hierarchical 
model, consider this order: (a) Grouping symbols or exponents; 
(b) multiplication or division; and (c) addition or subtraction.

Expiration date: Grade 6 (6.EE.2)

6. A solution to an equation must be in the form x = ☐.
Students are often taught that the variable and/or operation comes 
first, followed by the answer (e.g., the constant) in an algebraic equation 
(Dougherty and Foegen 2011). However, this rule has no mathematical 
necessity because the equal sign indicates that two quantities are 
equivalent. Therefore, variables, operations, and constants can be located 
on either or both sides of the equal sign. Instead of overgeneralizing that 
an equation should “look” a certain way, we as teachers should promote 
flexibility in students’ thinking. When the teacher uses a specified set 
of steps and the placement of the solution in that format, students 
lose sight of the conceptual aspects of equations and instead focus on 
implementing algorithmic steps.

Expiration date: Grade 6 (6.EE.4)
Continued…
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7. The “Butterfly Method” for comparing fractions. 
Students are frequently taught the “Butterfly Method,” which refers to 
cross multiplying two fractions to determine which fraction is greater. 
For example, in “Which is greater,    or     ?” students may draw a loop 
around the 3 and 8 and around the 4 and 7 (which looks like a butterfly) 
and multiply 3 × 8 = 24 and 4 × 7 = 28 to determine that 24 is less than 28, 
which tells them that       is less than     . However, this rule is problematic 
for several reasons. First, it does not foster conceptual understanding 
of the numerical value of fractions because it removes the need to 
understand the relationship between the two fractions or consider the 
quantities they represent. Second, students begin to overgeneralize and 
incorrectly apply this rule to other situations whenever they see two 
fractions, such as when they add, subtract, multiply, or divide fractions.

Expiration date: Grade 7 (7.RP.2)

8. The most you can have is 100 percent of something.
Students are sometimes taught that because 100 percent is equivalent 
to 1 whole, that is the most they can have. However, increases and 
decreases can be of any size, including more than 100 percent. This 
rule expires as students work with ratios and proportional relationships 
involving markups, discounts, commissions, and so on. 

Expiration date: Grade 7 (7.RP.3)

9. Two negatives make a positive.
This rule may be taught when students learn about multiplication and 
division of integers and is used to help students quickly determine the sign 
of the product or quotient. However, this rule does not always hold true for 
addition and subtraction of integers, such as in –5 + (–3) = –8. Additionally, 
this rule does not foster the understanding of why the product or quotient 
of two or more integers is negative or positive. Instead of focusing on the 
rule, consider using patterns of products to develop generalizations about 
the relationship between factors and products.

Expiration date: Grade 7 (7.NS.2)

10. Use keywords to solve word problems.
A keyword approach is frequently introduced in the elementary grades 
and extends throughout a student’s school career as a way to simplify the 
process of solving word problems. However, using keywords encourages 
students to overgeneralize by stripping numbers from the problem and 
using them to perform a computation outside the problem context 
(Clement and Bernhard 2005). This removes the act of making sense of 
the actual problem from the process of solving word problems. Many 
keywords are common English words that can be used in many different 
ways. Often a list of words and corresponding operations are given so that 
word problems can be translated into a symbolic, computational form. 
For example, students are told that if they see the word of in a problem, 
they should multiply all the numbers given in the problem. Likewise, 
although the keyword quantity sometimes signifies the need for the 
distributive property, at other times it does not. Keywords are especially 
troublesome in the middle grades as students explore multistep word 
problems and must decide which keywords work with which component 
of the problem. Although keywords can be informative, using them in 
conjunction with all other words in the problem is critical to grasping the 
full meaning.

Expiration date: Grade 7 (7.NS.3)

11. A variable represents a specific unknown.
When students work with one-variable equations, the solutions to the 
equations are almost always one specific value (e.g., x = 5 or x = –3). 
However, students overgeneralize this as being true for all situations 
involving variables, yet this rule quickly expires as variables take on other 
meanings, such as varying quantities or parameters (e.g., y = mx + b), 
labels (A = bh), or generalized unknowns. Additionally, students may not 
accept equations that represent identities (such that the variable can take 
on any value) or equations that have no solution (such as 3x + 4 = 3x – 4). 
This rule expires when students begin to work with linear functions.

Expiration date: Grade 8 (8.EE.7)

12. FOIL: First, Outer, Inner, Last. 
When learning to multiply two binomial expressions, students might be 
taught to FOIL, that is, to multiply the first term in the first binomial by the 
first term in the second, then multiply the outer terms of each binomial, 
then the inner terms of each binomial, and then the second (last) terms 
of each binomial. Although this rule works for binomials, it soon expires 
as students begin multiplying other polynomials, such as a binomial and 
a trinomial, or two trinomials. Instead, have students explore how they 
are really using the distributive property multiple times, to multiply each 
term in one polynomial by each term in the other polynomial.

Expiration date: High school (A.APR.1)

EXPIRED LANGUAGE AND NOTATION
We must also consider the mathematical language and notation that 
we use and that we allow our students to use. The ways in which we 
communicate about mathematics may bring with them connotations 
that result in students’ misconceptions or misuses, many of which 
relate to the previously discussed Rules That Expire. Using terminology 
and notation that are accurate and precise (SMP 6) develops student 
understanding that withstands the growing complexity of the secondary 
grades. Table 2 includes commonly used expired language and notation, 
gathered from our years of experience in the classroom, paired with 
alternatives that are more appropriate.

“BUT MS. JONES SAID SO”
Coherence is one of the major emphases in CCSSM. By having a series 
of rigorous standards at each grade, with less overlap and structured 
alignment, students can progress more purposefully through the 
content. By building a schoolwide plan for the consistent and precise 
presentation of rules, terminology, and notation used by all teachers, 
students will never get caught in the “But Ms. Jones said so” mode of 
finding something in their past instruction that is no longer accurate.

Through such intentional consistency, students are able to focus on 
the new ideas presented as the language and tenets continue to be the 
foundation for lessons. Because the middle-grades years are pivotal in 
cementing the ideas from elementary school and building the concepts 
needed for high school, this explicit, systemic consistency is critical. As 
we avoid these 12 Rules That Expire, we instead find ways to present a 
seamless and logical world of mathematical ideas.

12 Math Rules That EXPIRE in the MIDDLE GRADES Continued…
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Table 2   These alternatives can be used in place of expired language and/or notation.

What Is Stated and/or Noted

Using the notation  
8 + 4 = 12 + 5 = 17 + 3 = 20
to symbolize a series of addition 
problems

Getting rid of the fraction  
or decimal

Using a diagonal bar in fraction 
notation

Using rounding to mean the same 
as estimating. Using guess to mean 
the same as estimate.

Using point to read a decimal, 
such as “three point four”  
or 3.4

Using the first letter of the word to 
describe the variable

Plugging in a value for a variable

Reducing fractions

Saying that fractions have a top 
and bottom number

Moving the decimal point when 
dividing decimals

Stringing together a series of additions (or other computations) cannot be connected with 
equal signs, as the components are unequal. Instead, use individual equations, each using 
the answer of the previous problem as the starting addend. Equal signs must connect 
equal quantities.

Students create equivalent equation by multiplying or dividing and are not doing away 
with the fraction or decimal point at all. For example,

becomes 2x + 16 = 1 by multiplying each term by 4.

This notation becomes problematic with polynomials and for learners who often read 
the handwritten diagonal as a 1 (e.g., 3/4 is read as 314). Use a horizontal bar instead.

    For 1/2, write     .

An estimate is an educated approximation of a calculation of an amount of a given 
quantity. It is not a random guess. Rounding is one strategy to produce a computational 
estimate, but it is not synonymous with an estimate.

Instead, read a decimal as a fraction: 3.4 is “three and four-tenths.” This will make 
converting decimals into fractions an easier task. Use the word point only when 
describing how a decimal is written or in a geometric context.

For example, if you use the variable c to represent the number of cars in a problem, 
when students see 4c in the equation, they think it means 4 cars (using c as a label) 
rather than 4 times the number of cars. When you select a variable, avoid the first letter 
of the word and use instead an arbitrary letter to represent the number of cars.

Plugging in is not a mathematical term. Instead, students should substitute a value.

Using the term reducing may cause students to think the fraction value is getting 
smaller. Instead, use the term simplifying fractions, or instruct students to write the 
fraction in simplest form or lowest terms.

A fraction is one number, one value. The numerator and denominator should be used to describe 
where different digits of a fraction are located. The words top and bottom have no mathematical 
meaning and may incorrectly imply that a fraction consists of more than one number.

The decimal point does not actually move. Rather, the digits are shifted when an alternative 
equation is made by changing the divisor and the dividend by multiplying (or dividing) both 
by a power of 10.

Alternative Appropriate Statements or Notations

1
2

1
2

1
4x + 4 =
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The First Day of Class: Setting the Right Tone in an 
Elementary Math Methods Course
By Ming Tomayko, Towson University

On the first day of class, teachers establish expectations, get to know their 
students, and introduce course content. First impressions are important, 
so I have revised my first day lesson plan many times. My goal is to 
convey to students that this elementary math methods course, and the 
teaching I hope it will foster, takes on a “learning-by-doing” approach to 
mathematics education. The majority of my students think “doing math” 
means practicing procedures demonstrated by the teacher. However, 
over the course of the semester, I want my students to realize that “doing 
math” involves problem solving, reasoning and proof, communication, 
connections, and representation—all of which are NCTM “process 
standards” (2000). I work to design each of my lessons so that students 
experience learning by way of these process standards. I have tried a 
variety of activities over the years, some of which have proven more 
successful than others. What follows is the most current version of my first 
day of class lesson plan:

 1.) Welcome and Name Tents
 2.) 12 Ways to Get to 11 Activity
 3.) Jeopardy Activity
 4.) Syllabus Overview
 5.) Students’ Course Goals
 6.) Data Activity
 7.) “Commit and Toss” Activity
 8.) Closure

Each of these activities will be described in detail.

Setting
All elementary education majors at Towson University enroll in Teaching 
Mathematics in Elementary School. This methods course meets once a 
week for two hours and forty minutes, and students enrolled in this course 
are typically juniors who have already completed three mathematics 
content courses for elementary teachers. The fundamental goal of this 
course is for prospective teachers to develop an understanding of effective 
mathematics teaching practices. Such practices include—but are not 
limited to—planning engaging lessons centered around worthwhile tasks, 
anticipating student errors and misconceptions, and posing purposeful 
questions to promote thinking (NCTM, 2014). The textbook for this course, 
Elementary and Middle School Mathematics: Teaching Developmentally 
(Van de Walle, Karp, & Bay-Williams, 2016), supports such teaching for 
understanding and directly aligns with the objectives of this course.

Lesson Plan
Before class begins, I lay out on each 
table a variety of name tents and markers. 
As students enter the classroom, I greet 
them and ask them to make a name 
tent. When it is time to begin class, I 
take attendance and welcome them to 
the course. Next, I hold up the children’s 
book 12 Ways to Get to 11 by Eve Merriam 
(1996). I ask if any students are familiar 
with the book, and most are not. I begin 
to read. The first page features the 
counting sequence “one, two, three…” 
with one notable exception (see Figure 1). 

The book revolves around the central 
question posed in Figure 2.

I read each page, pausing to ask, 
“Where’s eleven?” Students point out 
that nine pinecones and two acorns 
make eleven items on the forest 
page (see Figure 3). On the circus 
page, students state that six peanut 
shells and five pieces of popcorn 
make eleven items (see Figure 4). As I 
continue to read, the pages’ settings 
become more elaborate and feature 
multiple types of items. The book’s 
simple, colorful illustrations are eye-
catching, and its required calculations 
keep students attentive and interested. 
The structure of each page requires 
readers to count objects and use the 
principle of cardinality to understand that the last number-word stated 
is the same as the number of objects shown. Some readers may also use 
addition (putting together or adding to) to find the sum. These concepts 
of counting, cardinality, and addition are consistent with kindergarten-
level mathematics standards (CCSSI, 2010) and are developmentally 
appropriate for primary-age students.

Figure 1.

First page of 12 Ways to Get 
to 11 (Merriam, 1996).

Figure 2.

Second page of 12 Ways to 
Get to 11 (Merriam, 1996).

Figure 3.

Sample page from 12 Ways to Get to 11 (Merriam, 1996).

Figure 4.

Sample page from 12 Ways to Get to 11 (Merriam, 1996).
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Upon finishing the book, I tell my students, “It’s your turn now. Our 
class has the task of writing and illustrating a new sequel to the book.” 
Depending on the number of students enrolled in the course, the title of 
the sequel varies (i.e., 15 Ways to Get to 11 or 18 Ways to Get to 11). I ask 
each student to create one page of our class’s sequel book. Their page 
must include at least three types of items. I provide students with blank 
paper and coloring utensils. Some students know exactly what they want 
to do and begin immediately. Others take some time to come up with an 
idea. See Figures 5 and 6 for examples of pages created by my students.

Every student has an opportunity to share his or her page using the 
document camera. Throughout the course, I expect my students to share 
their work in both small- and large-group settings so they may recognize 
that seeing and hearing what their peers have done can further their own 
thinking and understanding of the task and concept at-hand.

Afterwards, I ask my students what specific math concepts this activity 
addresses. Students commonly suggest that it highlights number facts 
and addition. I prompt them to think about how they learned number facts 
and addition as young children; students recall flash cards, worksheets, 
and timed tests. We then discuss the benefits of having students create a 
page of a book; the prospective teachers cite the chance to be creative, the 
ability to appeal to visual learners, and the potential to make connections 
to students’ interests. This is exactly how I hope my students will respond. 

I find that allowing students to create a book page in the spirit of 12 Ways 
to Get to 11 effectively demonstrates how teaching math can be different 
from students’ prior experiences while learning it. Instead of every student 
solving the same set of problems, the open-ended nature of choosing a 
way to “make eleven” assigns students a more active role in the learning 
process. This brief activity offers my students a glimpse into what effective 
math teaching can look like, as well as what they will be learning and 
doing over the course of the semester. I often ask students to reflect on the 
activities we do in class. I want to make sure they realize that the activities 
are not only for fun, but are intended to foster learning.  

I collect the student-created pages so I can scan them to form an electronic 
book. At our next class meeting, I return the original pages to the students 
and tell them how to access and download the electronic book from our 
course website.

To introduce the next activity, I ask the class, “Who is familiar with the 
television show Jeopardy?” Most, if not all, students raise their hands. I 
ask for a volunteer to remind us how the game is played. While it would 
be easy for me to simply tell students about the game, I prefer to have 
students describe activities whenever possible. We review how clues are 
displayed and how contestants buzz in, stating an answer to the clue in 
the form of a question. I tell the class that we are going to play a modified 
version of Jeopardy. I will reveal a clue in the form of a number or quantity, 
and the object is to think of and record as many suitable questions as 
possible.

For the first clue, I display the number “12.” Students begin to write down 
questions. Some start with mathematical expressions such as, “What is 6 
+ 6,” “What is 3 x 4,” or “What is 10 + 2?” Others think of familiar situations; 
for instance, they ask, “How many months are in a year,” “How many eggs 
are in a dozen,” or “How many inches are in a foot?” After a few minutes of 
working independently, I suggest that students share their questions with 
a neighbor and work together to think of more. Working in pairs, students 
generate more novel expressions and settings. Questions include the 
following: “What is the square root of 144,” “What is (30 ÷ 2)–3,” and “How 
many face cards are in a deck of playing cards?” I ask each student to 
write their favorite question on the board. I allow the class some time to 
read over the questions before asking them, “What do you notice?” The 
students tend to comment on the wide range of questions produced.

The next clue I display is “20 cookies.” The students think for a moment 
and then start writing questions. Most write addition and subtraction story 
problems with the result or total unknown:  “Hannah bought 10 chocolate 
chip cookies and 10 sugar cookies. How many cookies did Hannah buy,” 
or “Steve made 36 cookies for the class party. Sixteen friends each ate one 
cookie. How many cookies are left?” I call on several students to share their 

Figure 5.

Example of a student-created page set in the deep blue sea.

Figure 6.

Example of a student-created page set in a garden.

Continued…
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questions. I then ask students to compare the two clues (the number “12” 
vs. “20 cookies”). Students comment that they found it more challenging 
to create questions for “20 cookies.” When I ask why, students state that 
the units (cookies) limited the types of questions they could generate. 
In other words, certain questions would not be appropriate within the 
context of cookies.

It is important to summarize the key ideas for this Jeopardy activity. I 
use a high-yield routine called “alike and different” (McCoy, Barnett, & 
Combs, 2013). “Alike and different” is intended to compare quantities 
or representations, but I have found it useful for comparing activities as 
well. I instruct students, “Take a moment to think about how the Jeopardy 
questions are alike and different from the pages we created for our 12 Ways 
to Get To 11 class book.” Students recognize that both activities are open-
ended, allowing for many correct responses. They see how the activities 
similarly focus on a single quantity, but they have not yet learned the term 
“decomposition.” My goal is for these prospective teachers to see how 
number fluency can be addressed through simple activities; I also want 
them to recognize that all students can respond in ways that reflect their 
specific knowledge and interests.

Now that the students have a feel for the course after discussing 
these activities, I spend time reviewing the course syllabus. I highlight 
important information on the syllabus and briefly describe the course’s 
major assignments. I hand out a comprehensive course calendar with 
homework assignments, due dates, and discussion topics for each class 
meeting. More detailed assignment sheets will be distributed throughout 
the course.

Next, I ask students to respond in writing to the following two questions: 
“What are your goals for this course” and “What do you hope to learn?” 
I encourage them to think beyond “earning good grades” and to be as 
specific as possible. After students have had a few minutes to respond, I 
ask for volunteers to share their thoughts. Each time I call on a student, I 
make a point of referring to the student by name. This helps me associate 
names and faces quickly. Common responses include students’ desires 
to learn:

 •   Effective pedagogical strategies

 •   More math content (at more in-depth levels)

 •   Tips and tricks for teaching math

 •   Ways to integrate math with other content areas

 •   Ideas for teaching students with diverse needs

I collect the goal sheets to review more carefully after class and return 
them during the next class session. As I plan activities for the semester, I 
keep these comments in mind and try to incorporate and address as many 
as I can. On the last day of class, I revisit these goals and ask students to 
reflect on which goals they felt they achieved, as well as any new goals 
that emerged throughout the semester.

At this point in the first-day lesson, I introduce an activity involving data. 
I use a “data activity” to begin most class meetings. The data collection 
techniques and representation methods for these activities vary 
throughout the semester, but the analysis questions remain consistent. 
For this first activity, I have students indicate what they like most about 
summer. I provide three choices—summer foods, summer weather, and 
summer activities–each of which is printed in large font and taped to a 
wall in the classroom. I give each student a sticky note and ask them to 
place it under the heading of their preference. Students often ask if they 
should write their name on the sticky note. I purposefully choose not to 

have names associated with the data for this exercise, but I do use names 
in other situations as it allows for different inferences to be made.

Once all class data is collected, I ask students what they notice and 
what they wonder about the results. I first learned about the “notice 
and wonder” teaching technique while watching Annie Fetter’s Ignite 
presentation (Fetter, 2012). I find that it is a great way to involve students 
in discussion; students who are typically afraid to give an incorrect answer 
are more comfortable sharing what they notice or wonder. My students 
easily notice which category has the most votes and which has the least. 
Students sometimes state that one category is more popular than another 
category. I ask follow-up questions such as, “How do you know [category 
A] is more popular than [category B]” and “How many more students like 
[category A] compared to [category B]?” Students usually wonder why a 
category was popular or unpopular. Some students will comment they 
had a tough time choosing between categories and wonder if other 
students felt the same way. I often use the “notice and wonder” technique 
because it provides meaningful insight into how my students are thinking.

I continue the discussion of our class data by asking, “What does the data 
tell us and what does the data not tell us?” Students may suggest that the 
data does not tell us who likes each category since no names are written 
on the sticky notes. Some may say that while the data tells us what the 
class prefers, it may not reflect the preferences of the school population 
or even a sample of similar students. I also make a point to ask students, 
“What questions could our data answer” and “What related questions 
could we ask?” Students typically respond that our data answers the 
question “What do students in our class like most about summer?” A 
related question could be “What do students in our class like most about 
winter?” Posing effective questions is a skill we work on throughout 
this methods course. It is important for me to model good questioning 
techniques and for my students to practice creating good questions in 
their course assignments.

To wrap up this discussion, I ask students to think about the purpose 
of doing “data activities” such as this one. Often, students say such 
activities are fun. When asked to elaborate, they explain how they like 
providing and analyzing data about themselves. Data is certainly more 
interesting when it is relevant and meaningful to students. Also, I want 
my prospective teachers to recognize that when data collection and 
analysis are a routine part of lessons, students’ ability to interpret data 
improves and strengthens (Franklin, Kader, Mewborn, Moreno, Peck, 
Perry, & Scheaffer, 2005; Franklin & Mewborn, 2008). For this reason, 
most of our class sessions include data activities. I purposefully vary, 
however, how we collect the data and also how we represent it. Some of 
the representations I use include Venn diagrams, tally charts, glyphs, bar 
graphs, and pictographs.

For the final activity on the first day of class, I use a formative assessment 
technique called “commit and toss” (Keeley & Tobey, 2011). I provide 
each student with a blank sheet of paper and ask them to write what they 
already know or have learned about “constructivism” from other classes. 
I do not want them to write their names on the paper, as I want the data 
to be anonymous. When students finish writing, they are to crumple the 
paper into a ball and toss it into a basket I have placed in the center of 
the room. Once everyone has tossed their papers, I stir up the paper 
balls, bring the basket around to the students, and have them select 
a paper ball at random. The students take turns reading aloud what is 
written on the paper ball they have, and I jot down key ideas on the board. 
The ideas shared typically include names of educational theorists and 
characteristics of the learning theory, such as “active learning” and “the 
teacher as a facilitator or guide.”

The First Day of Class Continued…
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I use “commit and toss” because it is a non-threatening, yet effective, 
technique for gauging prior knowledge and possible misconceptions. 
While some students recall that “learning-by-doing” is a core idea of 
constructivist theory, other students incorrectly believe that the gradual 
release model of “I do, we do, you do” aligns with the theory. The 
information I glean from this and any other “commit and toss” exercise 
allows me to tailor my instruction for the remainder of the course. For 
example, I have increased the time spent on debriefing our class activities 
so that students explicitly know the reasoning behind my instructional 
choices and actions. I want my students to know why I do what I do and 
to also think about how my actions impact student learning. Although 
the activities I plan provide my students the experience of learning by 
doing, our class discussions regarding pedagogy are what solidify their 
understanding of what constructivist teaching looks like in an elementary 
mathematics classroom.

To wrap up the lesson in its entirety, I display the process standards 
from Principles and Standards for School Mathematics (NCTM, 2000) and 
include brief descriptions of each standard (see Figure 7). 

I prompt my students to think about the day’s various activities and decide 
if we were “doing math” according to the process standards. Students cite 
the connections to children’s literature, use of our data collection chart, 
the problem solving involved in the Jeopardy questions, and our various 
discussions about math as evidence that we were, in fact, doing math. 

As I dismiss the class, there is a buzz of excitement. Frequently, several 
students will stop to tell me how much they enjoyed the class and how 
they look forward to the semester.

Conclusion
My lesson plan for the first day of Teaching Mathematics in Elementary 
School has evolved over many years. To date, this selection and sequence 
of activities seems to best fulfill my objectives of establishing classroom 
norms, engaging students in hands-on activities, and fostering reflective 
discourse. I structure subsequent class meetings similarly so that, by the 
end of the semester, students realize that pedagogy focused on student 
understanding can be used for effectively teaching operations, fractions, 
place value, algebra, geometry, measurement, and more. Each semester, 
I continue to adapt, try new approaches, and sharpen my lesson plans 
because I firmly believe this elementary math methods course is essential 
to shaping and inspiring the next generation of math teachers.

12 Ways to get to 11 by Eve Merriam
Illustrated by Bernie Karlin
© Copyright 1993, Aladdin Publisher
All Rights Reserved.
Select images from 12 Ways to get to 11 are used in accordance with Section 107, 
Fair Use, of the Copyright Law, Title 17, of the United States Code.

Doing Math Means…

•   Problem solving (applying and adapting a variety of strategies to solve problems)

•   Reasoning and proof (checking if answer makes sense and justifying answers)

•   Communication (talk about, write about, describe and explain math ideas)

•   Connections (within math and between math and other subject areas or the real world)

•   Representation (symbols, charts, graphs, diagrams)
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