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How

Problem solving in the early grades draws
from children’s fantasy and imagination
informed by early adventures in read-
ing and life (Paley 1986). The richness of their
insights coupled with newly created structures
for reasoning quantitatively create opportuni-
ties for teachers and children to communicate
% what they “see” in images often not considered
as mathematical problems. Such is the case
with the illustration from Charlotte’s Web (White
1952, p. 21) that captures the chaos of Lurvy,
a farm hand, trying to catch the lovable pig
Wilbur after he escapes into the barnyard. Legs
are everywhere and, as other animals look on,
Wilber continues to evade Lurvy. But how many
legs are there?
Garth Williams’s illustration depicting the
scene shows one goose, one rooster, two sheep,

Building new ways of “seeing” and communicating about

what they see gives children a chance to create structures in

their mathematics. The May 2014 problem scenario, How Many
Legs? presents an opportunity for students to learn to reason
quantitatively, first as they relate to a photograph and then as they
translate this visual information into number sentences. To access
the full-size activity sheet, go to www.nctm.org/tcm, Back Issues.
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Tell how you know,
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many legs?

one horse, one dog, one pig—Wilbur—and one
man—Lurvy. As in many of Williams’s other
illustrations in the novel, portions of the crea-
tures are obscured. In this case, only some of
the legs are visible. In particular, the only legs
that are shown are Lurvy’s, those of the bossy
goose, three of the four legs of a dog, and two of
Wilbur’s legs.

Solution strategies

The sense that children in the early primary
grades make of the illustration relies on quan-
tities they have structures for and can thus see
or infer are present. The children are asked,
“How many legs are in the barnyard?” Second
graders’ work samples show how children
might reason. For some children, the only legs
in the barnyard are those they can see and
count. For these children the answer is nine,
and theyjustify their answer by explaining that
they thought (“I thart”) (see fig. 1a) or counted
(“Icant”) (see fig. 1b).

Other children realize that legs are hidden—
namely, two legs for Wilbur, one for the dog, two
for the rooster, and four each for the sheep and
horse. These children “see” some legs and infer
that others belong to the creatures depicted in
the illustration (see fig. 2).

Some children structure the situation using
the illustration. They might show this by draw-
ing arrows to, and writing down, the legs cor-
responding to each creature. Others cross out
creatures as they record a number of legs, or
write a number of legs on each creature in
the illustration.

Still other children impose more structure
on the situation. They “count the animals with
four legs” and then the remaining birds and
animals with two legs. These children clas-
sify the creatures as two-legged or four-legged
before calculating the total number of legs (see
fig. 3).

Justifying reasoning

Children in early grades are often assumed to
be too young to share their reasoning, but given
the opportunity they begin to anticipate the
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Some second graders justified their answer to the question, How do you know
how many legs are in the barnyard?

(a) "Because | thought in my head." (b) "l count, and | use math to help me."
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Other children could imagine Some children structured the
“hidden” legs in the barnyard, situation by classifying the number
which they included in their count. of legs for different creatures:

"I can count the animals that

i COU {'H— \a have four legs first and count the

animals that have two legs and

-T‘ %f Or“ W@Ués add all of the legs together and
that's how."
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“what they see and think” and “how they know.” Qﬂq E n.rb;..dgp.r—
Being asked what they see and think encourages 7 Al A
children to communicate their ideas and may 6})@-5. "Thf Leég-<—
give rise to evidence of the ways that children T e
structure what they see with the mathematics 5 )
they know. For example, to solve this problem,
some children make use of the number of legs
each creature has, two or four, and then use
these quantities to express the total number This child illustrated the partial
of legs as a number sentence. Other children sums of legs in the barnyard,
illustrate partial sums, listing quantities of legs listing each animal.
associated with particular creatures (see fig. 4).
Asking children if they can do the problem
another way may reveal more approaches they l‘2 + \4_ 2]
believe are productive. For example, children
who associate quantities with legs and find the “l’ dﬂ
sum may see arriving at the total as a process % nd
that involves their most powerful strategies. ')L!EF ? @
In figure 5, adding the number of legs yields hﬂ?::& ond
twenty-six (see the numbers to the right of the vt
vertical 1, 2, 3). The other methods depicted are ﬂm
to count, using the number sequence (labeled I“aa‘:-‘““'

with a 4 to the left of the sequence of numerals)
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problem solvers: solutions

or using fingers (labeled with a 5 to the left of

| hether h Id do th lem anoth
n response to whether he cou o the problem another hands with fingers raised).

way, this second grader added the number of legs, used the
number sequence to count (labeled as “4"), and used fingers

on hands (labeled as "“5"). Extensions

Illustrations in Charlotte’s Web and other

{ . children’s books create opportunities for chil-

! ﬂ.i_ ™~ dren to reason about space or quantities. For
‘]‘ Z,_, ~—1~_ l 1\ ‘/1 ' example, capitalizing on this initial investiga-

’L ',/I tion, teachers may investigate illustrations
-— that include Charlotte the spider. Illustrations

7] U\ﬂ’]/{ —_ 2‘6 of Charlotte yield a chance to structure quan-
+ -T‘ - tities of legs including the number 8. As the

— children’s ways of knowing develop, using the

D , —— numbers 2, 4, and 8 in a single problem helps
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..—-—-—F"'""_'—-_._-—__-_h'q'““‘ include, for example, three humans provide
’ opportunities for children to count in more
sophisticated ways, such as 2, 4, 6, 10, 18. Chil-
dren who approach anillustration or a problem

situation in this way must know when to stop
Q % ﬁ tﬁk counting by 2s and how to shift to counting
' 4 and then 8. Other children still use recording

strategies described before.
For children who need more challenge, use

- 'gi an extension drawn from the classic Legs in a
Barnyard problem:
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There are 20 legs on the farm.

Look Who's Talking... [N

This problem is particularly appropriate for

JO' N yo ur fel I ow r‘ead ers children who classified legs in groups of two

and four. They will be ready to use trial and

on TC M IS new b I () g . error to find multiple solutions. Some children

assume that there must be both ducks and pigs

and so find two ducks and four pigs (among

IVI at h Ta S ks to other answers). Other children admit the pos-

sibility that there could be just ducks—and
Ta I k A b o u t find ten—or just pigs—and find five.

Children’s ways of knowing and seeing

illustrations can provide many opportunities

to extend problem solving into the context of

reading. Drawing from children’s excitement

about characters in books they read, teach-
ers can create opportunities for children to

Visit http://www.nctm.org/tcm-blog/ to read “Using
Calculators to Explore Mathematical Thinking” and “Debunk-
ing the Calculator Myth,” Kathleen Lynch-Davis's blogs about
calculator tasks in the classroom. After you read the articles,
be sure to add your comments to the conversation. communicate mathematical structures they

are developing. Inviting children to justify
h‘ttp //WWW_nctm_Qrg /tcm-blog / their reasoning and share alternative ways to
explore illustrations can reveal the multiplicity

of ways that children know mathematics.
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Special thanks to Ms. Bridenthal and Mr. Scott
Frye of Paramount School of Excellence in
Indianapolis, Indiana, who continually search
for new ways to make sense of how children “see”
mathematics.
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