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The Master Number Sense Maker ;

In February 2015, I attended the annual MaTHink Conference in Riverside, California.
I sat in on a session that a friend of mine, Kelli Wise, was presenting on Clothesline Math. |!|
Although I had seen the clothesline used for fractions and decimals, I was intrigued by ‘r_
her description of demonstrating algebra on an open number line. As promised, Wise
placed a variable on the clothesline, and my mind was blown. As she continued through
her examples, the clothesline touted its prowess of promoting conceptual understanding of r
algebra, revealing students’ misconceptions of variables, strengthening basic number sense,
enhancing critical thinking, and generating mathematical discourse. I was in awe of this
display of instructional muscle. Wise concluded her session by offering tips on choosing
values to place on the number line and on asking the right questions to lead discourse, which

I had already learned from her skillful presentation.

At the end of the session, my friend sitting next to me, Tim McCaffrey, claimed, “The
clothesline is the master number sense maker.” I wholeheartedly agreed and returned
to my classroom excited to implement this new tool with my own Algebra students. The
Clothesline proved to be even more powerful in the classroom since students didn’t know
all the answers as did the room full of math teachers at the conference. I started to see more
potential for the clothesline as I experimented with it in my geometry classes, developing

new applications and improving my own skills for its facilitation.

I began to demonstrate it for other teachers as part of my math coaching duties, as well as
at district trainings and math conferences, and the popularity of clothesline grew. To assist |
in its expanding use, I created the website www.clotheslinemath.com and started the Twitter
hashtag #clotheslinemath. With more teachers at various grade levels in various math
courses sharing ways of using the Clothesline, enthusiasm for it swelled. I started receiving
thank you emails and photographs of Clothesline lessons from across the country. Then, I
went to the annual conference for the National Council of Teachers of Mathematics in 2017
and saw five different sessions besides my own in which the Clothesline was being presented. |
I realized that my love for the “Master Number Sense Maker” was shared by many.
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The Master Number Sense Maker (cont.)

The Need for Number Sense

The clothesline is more than a trending activity, however. It serves a crucial, yet
overlooked, purpose in mathematics education—the need to teach number sense.

Several longitudinal studies show that students who lack number sense in primary grades
are nearly guaranteed to fail their high school math courses, and students who have strong
number sense are nearly guaranteed to excel in their high school math courses (Jordan 2010;
Duncan 2007). Number sense has a similar influence on students’ success in math as reading
has on their school success overall. In fact, “mathematics difficulties and disabilities have
their roots in weak number sense” (Jordan 2010, 2).

So, what is number sense exactly? In essence, it is a “child’s fluidity and flexibility with
numbers” (Gersten and Chard 1999, 3). In other words, being fluent in math is much
the same as being fluent in a language. To be fluent in a language, one must know the
fundamentals of the language, but one must also have the ability to respond to a question
or take part in a conversation with sentences that have not been simply memorized and
regurgitated. Just as people need to be fluid and flexible with their words, students must
be able to respond in the same fluid and flexible way when encountering unique math
problems. Their ability to do this relies heavily on their number sense.

Number sense is acquired through exploration and play. Much of the number sense
children arrive with in kindergarten is acquired informally in the home in much the same
way their language skills are acquired. Students who are more engaged with words at home
enter school with larger vocabularies and stronger language structures. Thus, they are better
prepared to learn how to read and write. Students who are engaged with numbers and their
properties at home enter school better prepared to learn math, too. However, students do not
obtain language readiness by studying pre-K vocabulary lists. They informally interact with
their language, usually through conversation with adults. Correspondingly, students do not
obtain number sense by memorizing lists of math facts. Instead, they interact informally
with numbers. Oftentimes this comes through games, such as card and board games, in
which students are required to count, add, and strategize. Duncan (2007) describes that
“play-based, as opposed to ‘drill-and-practice,” curricula designed with the developmental
needs of children in mind can foster the development of academic and attention skills
in ways that are engaging and fun” (8). The clothesline straddles that boundary between
developing informal play and the formal needs of classroom management. This is
enormously helpful when teaching students who do not have adequate number sense to learn
the content at their current grade level.

Teaching Number Sense and Prerequisite Skills

Why, then, does the building of number sense get so little attention in the mathematics
classroom? There are two valid reasons. The first is the lack of time. Teachers are already
hard pressed to cover current content standards. The second is the lack of resources to
help teach number sense. Worksheets for procedural practice fall short of building number
sense, take too much time, and often have already failed students in their prior experiences.
Therefore, teachers need a simple tool that can quickly strengthen students’ prior knowledge
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The Master Number Sense Maker (cont.)

while simultaneously moving them forward with grade-level content. The open number line
serves as such an instrument that can be used at the beginning of a unit, as a warm-up, on
assignments, or as part of assessments.

Besides a lack of number sense, there is another hindrance to learning math: the lack of
prerequisite skills. This is well-known to most math teachers. At all grade levels, one of the
most common complaints made by teachers is that students are not prepared for the current
grade level or math course. Calculus teachers claim students don’t flunk calculus, they flunk
algebra. Students don’t flunk algebra, they flunk middle-school math. If they can’t multiply
negative numbers, it’s because they can’t multiply positive numbers. Elementary school
students can’t add two-digit numbers because they can’t add single-digit numbers. Nearly
every teacher agrees: Students don’t flunk current content; they flunk prior content.

So, if we are all in consensus that number sense is a critical ability too many students
lack and that many students are missing several of the skills required to be successful, then
the obvious response from all those teaching math should be to teach number sense and the
prerequisite skills. The Clothesline is prepared for the task.

The Open Number Line

As shown in Figure 1.1, an open number line is one that does not have benchmarks
already established. In other words, the numbers 0, 1, 2, 3, etc. that you would see on a
traditional number line are missing.

Figure 1.1 Open versus Traditional Number Line

Open Number Line

Traditional Number Line

A lack of benchmark numbers requires students to establish a scale. Demanding this of
students serves two purposes. The first is to help students build understanding of cardinality,
a sense of magnitude, and proportional reasoning. The second is that the new twenty-first
century standards insist that high school students be able to “choose and interpret the scale
and the origin in graphs and data displays” (CCSS HSN.Q.A.1) and students of all levels
be capable at “considering the units involved; attending to the meaning of quantities, not
just how to compute them” (CCSS MP 2). There are standards that explicitly claim the use
of number lines throughout the elementary and middle school grades, such as “represent a
fraction § on a number line diagram by marking off lengths j from 0,” (CCSS 3.NF.A.2.A)
and “Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by
reasoning about...double number line diagrams” (CCSS 6/RPA.3).

The open number line is a means and an end. It is a tool to develop number sense and
reteach prerequisite skills, but having students proficiently use it is a goal in and of itself.

© Shell Education 100444—Clothesline Math

| 43ydey) - | 1YVd

21

— e



PART | - Chapter 1

22

The Master Number Sense Maker (cont.)

NCTM’s Eight Mathematics Teaching Practices

The National Council of Teachers of Mathematics (2014) laid out “eight effective teaching
practices” in their publication Principles to Actions: Ensuring Mathematical Success for All.
This well-regarded document claims that effective mathematics teachers do the following:

Establish mathematics goals to focus learning.
Implement tasks that promote reasoning and problem solving.
Use and connect mathematical representations.

Facilitate meaningful mathematical discourse.

N

Pose purposeful questions.
6. Build procedural fluency from conceptual understanding.
7. Support productive struggle in learning mathematics.

8. Elicit and use evidence of student thinking.

The Clothesline helps implement all of these, particularly facilitating math discourse,
building conceptual understanding, and eliciting evidence of student thinking. In other
words, the clothesline can aid you in becoming a more effective twenty-first century math
teacher. As you read the lessons in this book, notice how the card sets are chosen and placed
to drive students toward cognitive dissonance. I joke to my pupils that I purposely try to get
their brain cells to fight. This intellectual challenge is what brings conceptual understanding
to the forefront, so students gain procedural fluency more easily.

The lesson vignettes in this book also serve as extensive models of how to facilitate
mathematical discourse. They demonstrate solid teacher questioning and guidance of the
discussion as well as typical statements made by students. The entire conversation, of course,
is driven by the evidence of students’ reasoning found in their responses on the Clothesline.
The ultimate goal of these lessons is to develop the mathematical understanding of the
students. NCTM calls for teachers to take students beyond simple answer getting. The
Clothesline answers that call.
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The Master Number Sense Maker (cont.)

The Eight Standards of Mathematical Practice

The new twenty-first century standards not only have framed what students should
know but also how they should think. These “habits of mind” are most commonly known
as Standards of Mathematical Practice. However, in some states they are also known as
Mathematical Processes. They are all very similar and nearly identically described. This
noble goal of teaching students to think is the hallmark of the new standards, and thus is the
hardest part of the new standards to teach students. They are not teacher moves like NCTM’s
Practices; they are student habits to be instilled at every grade level. They are exquisitely
stated as the following:

. Make sense of problems and persevere in solving them.
. Reason abstractly and quantitatively.

. Construct viable arguments and critique the reasoning of others.

. Use appropriate tools strategically.

1
2
3
4. Model with mathematics.
5
6. Attend to precision.

7

. Look for and make use of structure.

8. Look for and express regularity in repeated reasoning.

The Clothesline can be used to teach and reinforce any one of these. However, I think its
strengths lie in supporting Practices 1, 2, 3, 6, and 7:

» Make sense of problems and persevere in solving them—Sense making is one of the
key features of the clothesline. Taking symbols and numbers from paper to the number
line forces students to grapple with the relationships and properties of these values until
they are understood, not just memorized.

o Reason abstractly and quantitatively—Reasoning quantitatively is a given...it's a
number line after all. Of course it’s going to get students to think about numbers! But
instead of students just seeing a value written as 0.003, placing it very close to zero on the
clothesline helps them understand the relative minuteness of this quantity.

Additionally, reasoning abstractly is the holy grail of an education. While concrete
reasoning involves things we can see and touch, abstract reasoning involves things
that we cannot see and touch. It means we think about ideas. For example, 211 and 212 are
easy to think about, because I have experience cutting something in half, and I have
taken half of a half before. But what about 5w ? I have never repeatedly cut something
in half 100 times. Therefore, placing this fraction on the number line requires abstract
reasoning. Many students place it well to the right of the number line, claiming that
since the exponent is so big the value is close to infinity. Others place it well to the left
because they figure if something gets smaller 100 times, it must approach negative
infinity. Imagining cutting something in half 100 times (without actually doing the
cutting) and realizing the size of the quantity is approaching 0 takes some serious
abstract thinking.
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