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7. Don’t use fact mastery 45 & prevequisi
an use a calculator has no

1 goals of the day. If your lesson goal is for st

basic facts before they ©
based on the instructiona
. the pattern (formmul
the computation in

2) for the perimeter of rectangles,
this lesson and keep the focus on measurement.

te for calculator Use. Requiring that students master the
foundation. Calculator use should be
dents to discover

then using a calculator can quicken

e

R e
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LITERATURE CONNECTIONS

Colomba (2013) describes literature links and activities

for each of the multiplications facts. The children’s books
described in Chapters 7 and 8 are also good choices when

_working on the basic facts. In addition to those, consider these
opportunities to develop and practice basic facts. Here are two

additional ideas:

One Less Fish
Toft and Sheather 1998)
This beautiful book with an important environmental mes-

sage starts with 12 fish and counts back to zero fish. On 2

page wich 8 fish, ask, “How many fish are gone?” and “How

did you figure it out?” Encourage students to use the Down
over 10 strategy. Any counting-up or counting-back book can

be used in this way!

The Twelve Days of Summer

Andrews and Jolliffe {2005)
the style of this book with five

You will quickly recognize
bumblebees, four gareer snakes, three ruffed grouse, and so
on. The engaging illustrations and motions make this a won-

derful book. Students can apply multiplication facts to figure
out how many of each iterm appear by the end of the book.
(For example, three yuffed grouse appear on days 3,4, 5, and

$0 OL.)
RECOMMENDED READINGS

Articles
Baroody, A. J. (2006). Why children have difficulties master-
ing the basic fact combinations and how t0 help them.

Teaching Children Muathematics, 13(1); 22-31.
Baroody suggests that basic facts are

and conrasts “oomventional wisdom” Wi
view. Great activities are included as exemplars.

developmental in nature
th a number-sense

) RESOURCES FOR CHAPTER 9

Boaler, J. (2014). Research suggests that vimed tests cause math

anxiety. Teaching Children Mathematics 2 0(8), 469474

This is a wonderful article 1o challenge the Iongstanding prac-
tice of timed-tosts. Fust because We have ahways done this,

dpesn’t mean it's ood idea!
g

Buchholz, L. (2016). A license to think on the road to fact
fluency. Teaching Childven Mathematics, 22(9), 557-562.

This is @ beautifully written reflection on how this second-
grade teacher had departed from her daily strategy focus
(due to & new curriculum), roalized the error in her ways,

and ber veturn to daily sirategy use. She describes pragmatic
s strategics and

ways she ensures that cvery student develop
fact fluency. (See iso Buchholz, 2004 for great SWAeEy

ideas).
Williams, J. M. (2014). Assessing basic

Kling, G., & Bay-
fact fluency. Teaching Children Mathematics, 20(8);

489-497.

This article is a great partner with the Boaler article listed
pere. Boaler describes the problem witk timed tests, and these
guthors veinforce these concerns and offer @ rich collection of
alrernatives to better 4s56sS students’ journey to fluency.

Books

Bay-Williams,
Games and tools for teaching addition facts. Alexandria, VA©

ASCD.

As the title implies,
idamce on teaching and assessing addition facts,
idens for sharing the vision with fumilies.
O’'Connell, 8., & SanCiovanni, J. (2011). Mastert st
Serategies, 40

s is a1 6-page laminated foldable that offers
six games, #e.

path facts it madtiplication and division:
sies and interventions 10 mMOVe students beyond smermorizaton:

Porrsmouth, NH: Heinemann.
Both this book and the partmer book abo
tiom (same muthors and parallel title) are excellent
planning and teaching busic fucts effectively!

ut addition and subtrac:

T., & Kling, G. (2017). Quick reference quide:

FeSOUTTES ﬁ"‘

LEARNER OUTCOMES

After reading this chapt
era ing i
able to: P nd engaging in the embedded activities and reflections, you should be

10-1 |de ti p | Al Y pp

10.3 Demonstrate how
to develop s ' ski
models. p students' skills in place value through the use of base-ten

10.4 Explain how stud
ents can use groupi iviti
e concents grouping activities to deepen thelr understanding of

1 S

10.7 i
Describe how the place-value system extends to large numbers

H ] f H

and are exposed to i
patterns in these numbers, But, im
. But, importantly, they learn to think abo
ut groups of

ten objects as a unit, By second grade, these initial i
connected to three-digi , these initial ideas of patterns and
bers up to l,ot(l)lor%eog li%tam?bers’ and fourth-grade students extend theg;(;‘;lﬁegggﬁe formmally
value unders tan(iing o Sezaézlety of contexts. In fourth and fifth grades, students f]ito num-
a5 ton times the value of th ¢ rel.auons.ln‘p of the value of the position; of the di 8.‘:1?1’ e place
decimals as digts in o numlg previous digit as they move to the left which will Sf:,n 1;: "};imber
“This relationship s critical er are one-ten.th the value of the position as they mo eth e'd to

A significant part Oi:c 1;:38 svt:ldents consider the powers of ten (NGA Centzr & ée CtSOSOe right.
posing) and taking them aP arte A ue de‘fdc’}')ment‘includes students putting numbers togeth ,2010).
traction problerns with th:)— axs_degf Pﬂsé?g? in a wide variety of ways as they solve additi%); a?:d(mg_
e n i e, St Bt ol 3013 et s e seudents o think abovs
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will lead students to a full understanding of place Valﬁt;b Eéiiﬁgotrlﬁ?f zzr(;lr;altzzncepts that
utation.
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Chapte

t 10 Developing Whote-Number Place-Value Concepts

BIG IDEAS |

"+ Sets of 10 (and tens of tens) can be p
three sets of 10 and two singles is base-ten method lan
ohjects. _

« The positions of digits in numbers determine
they count. This is the major organizing orincip
for developing number sense.

+ There are pattems to the way that numbers are formed. For example, each decade has a
symbolic pattern reflective of the 010-9 sequence (e.g., 20,21, 22 ...29).

ns, and hundreds can be taken apart in different but equivalent _

d-the typical way t0 decompose 256 of 2 hundreds, 5 tens, and 6

ones, it can be represented as 1 hundred, 14 tens, and 16 ones, or 25 tens and & ones.
Decomposing and composing multidigit numbers in flexible ways is a necessary foundation
for computational astimation and exact computation.

+ “Really big’ numbers are difficult 1o conceptualize and are best understoad in terms of

familiar real-world referents. The number of people who will fill the local sports arena is, for

example, @ meaningful referent for those who have experienced that crowd. i

erceived as single entities or units; for example,
guage to describe 32 single

what they represent and which size group
ie of place-value numeration and Is central

+ The groupings of ones, te
ways. For example, beyon

e

e et

MyLab Education Video Example 10.1

Watch this video of former NCTM President Francis gkip" Fennell who is

discussing the big ideas of place value.
S

Pre-Place-Value Understandings

e S

Children know a lot about nombers with two digits (10 to 99) as early as kindergarten. After
all, kindergartners learn to count to 100 and count out sets with as many as 20 or more objects.
They count students in the room, turn to specific page urmbers in their books, and so on. How-
ever, initially their anderstanding is quite different from yours. It is based on a count-by-ones
approach to quantity, so the number 18 to them means 18 ones. They are not able to separate
the quantity into place-value groups—after counting 18 teddy bears, a young child might tell
you that the 1 stands for 1 teddy bear and the 8 stands for 8 teddy bears. Such students have
not had enough experiences to realize we are always grouping by tens.

Recall Wright and his colleagues’ three levels of understanding: (1) children
ren see ten as a unit; and (3) children easily work with units o

ten as ten ones; (2) child
look at a way to assess where students are in this trajectory.

D FORMATIVE ASSESSMENT Notes. In a diagnostic interview, ask first or second grﬂd"
ers to count out 53 tiles. Watch closely to note whether they count out the tiles oné
at a time and push them aside without any type of grouping or if they group them into tens:
Have the students write the number that tells how many tiles they just counted. Some may
write ¥35” instead of “53,” a simple reversal, You may find that early on students coum-.t_he-
tiles one by one and are not yet thinking of ten as a anit (level 1), and are therefore in
_value stage. The students just described know that there are 53 tiles “becaus®

understand
fren. Lets

pre-place
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counted them.” Writi .
their understandin];tg;gstghz;ﬁ?‘}i;fndt;awng thebRMber are usually done correctly, but
stud ¢ i e count-by-ones appr . Wi :
ents may not easily or quickly develop a meaningful use PI; oach. Without your help,
quantities. of groups of ten to represent
Even if students can tell that i
there are “3 T tell you that in the numeral 53, the 5 “is in the © ”
o pla(;zlfsr,e tlies}; mi gli'Lt just know the name of the positions withoui uil':fell?sl:a‘::d_ oy ﬁat
they may name a rlc)hd of{1 tt:n ;)s“;tlf‘l:en}:’gmc? b tlen' Similarly, if students use base_tenu};igoc;st
how many ones are requi n” and a small cube as a “one” hut may not be ab ’
quired to make a ten. Students ma y not be able to tell
: .. . tt :
gl‘Ougf’:Su ‘sletrfllfu; re}:\llizmgth what the materials or symbols erie::r}lltwordS to both materials and
s do know that 53 is “a lot” and that it’ )
47 ¢ s ot” and that it's more than 47 (b
do n(:)tg ;;:Vi-’;l);tBtlgt, ;mtlaﬂy they think of the “53” as a single nurr(lei;?li‘f Sg)iu vt taty
things (Fuson 2006§ Ffepresents five groups of ten things and the 3 rep;"esentsst;iage,'thiy
ing of numbe;' " um:tml;so’? ;ntd.herhcolleagues refer to students’ pre-base-ten undzisst?fde
: . That is, there are no i i
numb . ' » B groupings of ten, :
er is associated with the quantity. They initiall rci‘g’r on uni even though a rwo-digit
quantitics. B y rely on unitary counts to understand

IVIyLa_b Education Self-Check 10.1

; Deve‘ﬂﬁping Whole-Numbe Wi
}}3 Concepts ¥ Place-Value

e

Place-value understanding requires an nte ]

co ‘ gration of new and someti ,

ar:izgfrgigr E‘;l[éllr]lrg bI};rl tens (lthe base-ten concept} with procedu;atlllkllf;wdllgigzlz—ftﬁ;:r)mmm

rantly, learners must En dfaer;::ntle tESlYStem‘ and h?w numbers are written and spoken Iil;o?:‘s

become confused because the r e word group e especially English learners (ELs) \.)vhoﬂl .

work together. oot word group is frequently used for instructin d ay
g students to

Integrating Base-Ten Groupings with Counting by Ones

Once students can count o
ut g set of 33 by ones, hel .
and left ; ; y ones, help them see that makin I
yet stu d(;‘;izsrif;gg:f Col;“;htmg that same quantity. Each of the sets in ;‘igl;greg E(())uf ]lilgs;;f t_i‘-HS
o isti : . L3 t1
sets are the same. gh three distinct grouping stages to construct the idea that all of thezt
There is a subtle vet profound di

baso-t , yet profoun difference between students at these stages:
the Saii f:l:lgullllf :;asg?,e is 53 because they understand the idea that 5 gi‘;i:sg §;~t§§f:§dk-;10w ths.‘t :
that when things arc L;)unt(eici}gy ones;'(),thers simply say, “T¢s 53, because they have bem°r§11§ €CSS
will see no need to Cmg]Tn tiil[ie b s way, it's c:itlled 53. The students who understand pla o ti)
of the unitary and base-s ¢ base-ten grouping by ones. They understand the “ﬁfty_pﬂuff b
may not be sure how maifygtll-w. OuPlf}igl to b:; tthhe same, The students in the pre-plaée valu: 1: -

i . ey will get if they count the tiles i . age
or if the groups were “ungrouped” how man;rthere woiﬁlililsnlai tI?e:e base-ten grouping by ancs

YOlll‘ fOI&IIlOSt Ob [+ l'_l'Ve Sh.()uld be c i c W ey (§3 y W

Mathematical
Practice

MP2. Construct viable
arguments and critique the
reasoning of others,

“about numb i
comt by o eesrsagll;otnﬁe;)u:l%rlllg b)r.ones With.the grouping-by-tens concept. If they onl
(or by 1o an-’d e - at will happen if we count these items by groul.)s and 4 Ofll .
_ ?” If a set has been grouped into tens and singles and countegmt% n
, then

ask, “Hp
w can :
think we wil] gg:eifb; really certain that there are 53 things here?” or “How many d
) ;
“ll be the same and lfo;(;u:}: EY On?isl? " You cannot just ze// students that these counts wil
at 1t w1 ']
tonstruct themselves. make sense to them—it is a relationship they must
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‘Students Cani 0
Name a guantity or “tell

i Counting Approach

‘Visual Réﬁqééé&ntatiqq .

LNITARY Count by
ones

1,2,3,4,56,7,89,
10, 11, and so on

how many” by counting
each piece.

o Are not yet able to think

of 10 as a single unit.

« Use counting by ones as

the only way they are con-
vinced that different sets
have the same amount.

BASE-TEN Count by
groups of tens and
ones

1, 2,3, 4, b groups of
10 and 1, 2, 3, ones
{singles) or 10, 20, 30,
40, 50, b1, 52, 53

& Count a group of 10

objects as a single item
(unitizing).

@ Coordinate the base-ten

approach with a count by
ones to as a means of
telling “how many.”

EQUIVALENT Non-
standard base-ien

Before counting
students would trade
and then count 1.0, 20,
30, 40, 50, 51, 52, 53

@ Group the pieces flexibly

into versions that include
tens and ones but all
rrades have not been car-
ried out.

e Use these alternate
groupings to relatel to
computation by being
able to trading or regroup
numbers in a variety of
ways.

Pause & Reflect

. What are some defining characteristics of “pre-place-value

stand place value? e

" students and students who under-

GIOll in. S W .‘.. th- feWEI thaIl tlle maximum Il'llmbeI Of teIIIS are t.U ’

indicates that grouping by tens is not just

a rule that is followed, but also that any grouping by

niques (e.g., regrouping in addition and subtr
of numbers.

action) are based on equivalent representations

Integrating Base-Ten Groupings with Words

y y - i g T ing‘by'ten-s
lluInber S‘llCh as “ﬁfty th.re& mus '

“ » . umber of
ing the number of groups and singles separately: “five tens and three.” Saying the o
i?lfs fnd singles separately in this fashion can be ca‘l‘led base g e
the base-ten language with the standard language: “five tens an

: 5-tens and
There are several variations of the base-ten language for 53: 5 tens and 3,

-ten language. Students can associate

¥

3 ; tens a|||l 3 S11 les an(t 50 0N Eat:l] ma l)e I!Sell .“te[(: aneeab W]‘!I] the Standa}:
i g * L g ]'
Ones, y y y

it i lect one approach (e.

“fifey-three.” T you have ELs, it is best to se
Ial:lglzgonsisftgently connect it to the standard 1anguage..‘0tl‘1‘er la:ngélZiii :1), X
format (e.g., 17 in Spanish is diecisiete, literally meaning “ten .

can be a good cultural connection.

thout multiplication! Physical models for base-ten concepts
5 tens and 3 ones) Play akey role in helping stadents develop the idea of “a ten” as

g

ften use the base-te?.

[ Wlth
so this association

2016)
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FIGURE 10.2 Groupingé by 10 are matched with numerals, recor

— ..5_tens _3_ones —_/

ded in labeled places, and eventually written in standard
form. .

Be precise in your language. Whenever you refer to a number in the tens, hundreds, or

thousands (or beyond), make sure you do not just say “six,” but instead refer to it with its place
value location, such as 6 tens (or 60). Students are often confused when numbers are discussed
as digits rather than describing their actual value,

Integrating Base-Ten Groupings with Place-Value Notation

The symbolic scheme: that we use for writing numbers (ones on the right, tens to the left of
ones, and so on) must be coordinated with the grouping scheme. Activities can be designed so

that students physically associate groupings of tens and ones with the correct recording of the
individual digits, as Figure 10.2 indicates.

Language again plays a key role in making these connec-
tions, The explicit count by groups and singles matches the indi-
vidual digits as the number is written in the usual left-to-right
manner. A similar coordination is necessary for hundreds and
other place values. Keep in mind that students will initially find

Base-Ten Concepis

Standards for
Mathematical
Practice

MP8. Attend to precision.

it challenging to see “ten” as both 10 ones and 1 ten.

Figure 10.3 summarizes the ideas of an integrated place-
value understanding that have been discussed so far. Note
that all three methods of counting shown in the figure sup-
port relational understanding when students can flexibly

integrate base-ten concepts, written names, and oral names,

5l

l MyLab Education Self-Check 10.2

k

/ +Byones_

%25 Base-Ten Models for Place

%E

 Value

When students are learning base-ten concepts, they are com-

i iplicati i e Standard:
bining multiplicative understanding (each place is ten times the Thfr?yr. o
e ofthe place to the right) with a positional system (each Base-Ten:
Place has 2 value)—something hard to do prior to learning Three tens and two

Oth a single entity and as a set of 10 units especially for students
lower ability (Mix, Smith, Stockton, Cheng & Barterian,

- Remember, though, that the models do not “show”  triangle.

Standard and equivalent groupings
meaningfully used to represent quantitiss

Counting

FIGURE 10.3 Rel'ational understanding of place vafue
integrates three components shown as the corners of the
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. {a) Groupable base-ten models

 Sgo

. Counters and cups:

¢ Ten single counters are
placed in & portion cup.

" Hundreds: ten cups in @

' margarine tub. :

" Bundies of sticks (wooden craft sticks, coffee stirrers):
If bundlés are lsft intact, these are a pregrouped model.
Hur_ldreds: ton bundles groupad with & rubber _band. '

()] Pr'egroupéd base-ten models

Base-ten blocks: |

Wogden of plastic units,
longs, flats, and blocks.- |
Expensive, durable, '
saslly handled, the only - ¥
modei with 1000, '

© Liitle ten-frame cards: S _ : _
- Good for lustrating how far o the next muliiple of ten. ' ;
Onas are not loose but are organized in a ten-frame. : MyLah Education Blackline Master: Base-Ten
No modsl for 100. Ingxpensive and easy to make. Materials

FIGURE 10.4 Groupable and pregrouped base-ten

models.

Standards for
Wlathematical
Practice

MP7. Attend to precision.

[1  Strips and squares:
il Make from cardstock.
Plastic.versions are
* avallable thraugh catalogs.

a-Number PlaceValue Concepts

the concept to the students; the students must mentally construct
the “ten makes one relationship” and impose it on the model.

An effective base-ten model for ones, tens, and hundreds
is one that is proportional, That is, a model for ten is physically
10 timnes larger than the model for a one, and 2 hundred model
is 10 times larger than the ten model. Proportional materials
allow students to check that ten of any given piece is equivalent
to one piece in the column to the left (10 tens equals 1 hundred,
and so on). Base-ten proportional models can be categorized as

either groupable ot pregrouped.

Groupabie Models

Models that most clearly reflect the relationships of ones, tens,
and hundreds are those for which students can build the ten from
the single pieces or units and verify its value. When students put
10 beans in a cup, the cup of 10 beans literally is the same as the
10 single beans. Bundles of wooden craft sticks or coffee stirrers
can be grouped with rubber bands. Plastic connecting cubes can
be built into rods of ten and thereby provide a useful transition
to pregrouped rods because they form a similar shape. Fxamples
of these groupable models are shown in Figure 10.4(2).
As students begin to make groupings of ten, start introduc-
ing the language of “tens” by matching the objects, such as “cups
“hundles of tens and singles.” Then graduate
such as “groups of tens and ones.” Eventually
this language simply to “tens” such as “four

Cubes: -
Ten sihgle cubes torm
g barof 10.

Hundreds: ten bars on
cardioard backing. .

of tens and ones” or
to a general phrase,
you can abbreviate

tens and seven.”
When students become more familiar with these models,

collections of tens can be made in advance by the students and
kept as ready-made tens (e.g., craft sticks can be left bundled,
connecting cubes left connected). This approach is a good tran-
sition to the pregrouped models described next.

pregrouped Models

Models that are pregrouped are commonly shown in textbooks and
are often used in nstructional activities. Pregrouped models, such
as those in Figure 10.4(b) and the Base-Ten Materials, cannot be
taken apart or put together. When 10 single pieces are accumulated,
they must be exchanged or traded for a ten, and likewise, tens nust
be traded for hundreds. The advantage of these physical models is
their case of use and the efficient way they model large numbers.

With pregrouped models, make an
that students understand that a ten piec
10 ones. Althongh thereisa pregrouped cube to r

have students group 10 hundred pieces and attach them together as a cube to s

formed. Otherwise, some students may o

the six faces and may think the cube represents 600. , -
"y on.

The Little Ten-Frames effectively link to the familiar ten-frames students used ear
to think about numbers, and as such, may initially be more meaningful than base-ten mater:

made from paper strips and squares. Little ten-

| th i
&n watch the video and answer the accompanying questions.

extra effort to confirm
¢ really is the same 8
epresent 1000, .
how how it 18-

nly count the square units they see on the surface 0!

frames have the distinct advantage of alway?

Activities to Develop Base-Ten Concepts

showing the distance to the next de
cade. For example, when 47 i i
a seven card, a student can see that three more will make five fullscsa?‘(c)l:vr:)xg] ten cards and
) .

MyLab Education Blackline Master: Little Ten-Frames

A signifi i : ,
have not:glf]}lrsl: alllztdcgc?g eﬂgte ‘ﬁth UsIng the pregr ouped physical models occars when students
for students to use the%nauztixpemences }mth groupable models. Then there is the potential
students are just zold to trad 1%ut reflecting on tl'_‘e ten-to-one relationships. For examnple, if
without attending to th oo OnEs for a ten, it is quite possible for them to make this rade
the number 42” ng simpei)" ;Icll;lnrf Ssu Oi Ehe Plecc:le they Cal.l  ten. Similarly, students can “make
the pieces were broken apart thefe vﬁoﬂgnsz?ﬁ 201?;:5 pieces without understanding that ifall

| TeC ‘ : .
8T (. ﬁgﬁlﬁ;:ﬁ;‘ dI‘Jsm_g. t?lECtI'OD.IC versions of base-ten manipulatives, students
sereen with si n% e 1§ab1hne5) can place ones, tens, hundreds, or thousan,ds on the
resources/a s/np meu?e clicks. Number Pieces (https://www.mathlearningcenter.org/
Jize o eratEj,gn u‘?‘ther'Plf{CGS) PEIP learners explore place value while helping stgudents e
numbegs " rosu wi ; (Ilnultl.;—dlglt num.bers. Students use the pieces to represent muld—‘glliSl};
0] are ;vailga bleI:i, a ,dS:u tract, multiply, and divide. Two versions of the web or a -basgd
cesent larct numhepen ing on t.he‘gra.de level and concepts to be explored, Smdentspcgn r e
e gieces " ers alt‘ld multlp.hcauon and division concepts using the regular versio ep;
3 ' c has :

ing, addition, and subtraction. ECr Jeatures, putting greacer focus on place value, count-

C .
availabcl)er:nirx)laf;i cti(; ersese:} base-lten blocks, these dlgln:al materials are free, easily grouped and ungrouped
armart board Remembsetptﬁg; aﬂd f.:analie m;n;plﬂated by students and displayed by projectol:* o;
g g , virtual models are no more conceptual :
as such are Ol.ﬂy a representation for students who understand theilzla:iot;lsahlifihfégﬁgiofls and

Nenproportional Models

Non i

A Eigzg;‘ﬂ;r;aéo?ﬂiilsé or models where the ten is not physically 10 times larger than the

s s comtaml 0 utng place-value concepts. They may be used when students alread

o omoep 1t;:rstam ing of the numeration system and need additional reinforcem f
ents who may need to return to place-value concepts because they are struggliﬁ;

- with i
content that requires place-value understanding. Examples of nonproportional models

MyLab Education Self-Check 10.3

ln\:llz:a:o Education Application Exercise 10.1: Base-Ten
els for Place Value Click the link to access this exercise,

} VIDEQ EXAMPLE

Actlvities to Develop Base-Ten Concepts

Now th

; atyouh i

st you have a sense of the important place-value concepts, we turn to activities that assist
0¥ tens (see th i i

tames for mT?bt;-I: c(:nﬂf1 Figure 10.?). Connect.mg this important idea with the oral and written
‘doeach e e tht of Figure 10.3) is discussed separately to help you focus on ho

; 1, in the classroom, the oral and written names for numbers can and shoul‘g

ents in developi i i
ping these concepts. This section focuses on base-ten concepts or grouping

e de i
veloped in concert with conceptual ideas.

Standards for
Mathematical
Practice

MPS5. Use appropriate
tools strategically.
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Counting in Groups

Find a coltectl
the classroom, a container of cubes, 2 1

pose the question, “How could we coun
gestions chlldren suggest,
Lnot. if no one suggests count

Chapter 10 Developing Whole-Number Place-Vaiue Concepts

Grouping Actlvities

Reflect for a moment on how strange it

never said they were “seven ones” years 0
be even more mysterious. Consider the phrase

must sound to say, “seven ones.” Certainly, stadents have

1d. The use of the word ten as a singular group name can
«Ten ones makes one ten.” The first ten carries

the usual meaning of 10 things, but the other fen is a singular noun, a thing. How can something

the student has known for years as the name for a lot of things suddenly become one thing? And

if you think this idea s confusing for native speakers, imagine the potential difficulty for ELs.
Because students come to their development of base-ten concepts with a count-by-ones

idea of number, you must begin there. You cannot arbitrarily impose grouping by ten on stu-
dents. Students need to experiment wi f like size and perhaps

th showing amounts in groups o
come to an agreement that ten is a very aseful size to use. The following activiey could be done
toward the end of first grade as an example ©

£ a first effort at developing grouping concepts.

W

cCSS-M: K.NBT.A.1; 1.NBT.B.2a

ht be Interested In counting—perhaps the number of shoes in

ong chain of plastic links, of the numbetr of crayons 0 the classroom crayon boX. Then

t our shoes in some way that would be easler than counting by on
thods, you can have a discussion of what wot

gest that as an Idea to try.

on of [tems between 25 and 100 that students mig
es?" Whatever sug-
ked well and what did

try them. Aftet testing several me
ing by tens, you might casually sug

One teacher challenged her students to find a good way to count al] the connecting cubes

being held by the stadents after the children collected a cube for each of their pockets. The first
suggestion was to count by sevens, That was eried but did not work very well because none of'the
students could easily count by sevens. Tn search of a more efficient way, the next suggestion was to
count by twos. This approach did not seem to be much better than counting by ones. Finally, they
settled on counting by tens and realized that this method was a good and “fast” way of counting.
"This activity and similar ones provide you with the opp ortunity to suggest that materials actually
“fast” way of counting is begun. Remember that students

be arranged into groups of tens before the
“thirty-two-ness” of

may count “ten, twenty, thirty, thirty-one, thirty-two” butnot fully realize the
ount-by-tens method with their understood method of counting by

the quantity. 1o connect the ©
ones, the students need to count both ways and discuss why they get the sarne result.

“The idea in the next activity is for students to make groupings of ten and record or say the
armounts, Number words are used so that students will not mechanically match tens and ones
with individual digits, It is important chat students confront the actual quantity in a manner

meaningful to them.

CCSS-M: K.NBT.A4; 1.NBT.B.2a; 1.NBT.B.2b; 1.NBT.B.2¢c

Groups of Ten

Prepare 'bags of different types of abjects such as toothylchks, buttons,
craft sticks, or other ltems. students should use the Bag of Tens Actlvity Page a recording sheet similar to the

top left of Figure 10.5. The bags can be piaced at stations around the room of given to pairs of students. Stu- i
dents empty the bags and count the contents. The amount Is recorded as a number word. Then the objects are
grouped in as many tens as possible. The groupings are recorded on the form. After returning the objects to the bags, hags aré

traded, or students move to another statlon. Note that students with disabilities may initially need to use a ten-frame to sup-
port thelr counting. Then the use of the ten-frame should eventually fade.

beans, plastlc chlps, connecting cubes,

STUDENTS
with

Name
Bag of Number word
e
Toothpicks Tens [
Singles|:|
Beans @
Tens [:i
Singles [___|
Washers Tens ]
M Sin’—-_glas‘::j
- .
Get this many. :
:...: :.... . Write the number word, :
®
-
0. 9060 e :0..: TGI'IS Ones
Fill the tens.
Get forty-seven beans.
A BEFE B B8 B
\IJIII!!II\IIIHIJ!JII!I\
Y e Y I O

Flil up ten-frames. Draw dots.

. Tens ~ Extras

Loop this many.

Loop in groups of ten.

a3 3IseoeserseE0 s
Poescaes G0 RSB
2000 0AIRESROCEOEI RGOS
tesscassesceanee

Tens Ones

L )
L B )
[ 3 .}
LI
® 608
LI I W
t8es
LI 3
aede
LI Y
LI W
L3 3
saeae
* 00
L N )
L ]
LI I )
¢ B o8

FIGU Nt Invoiing ' . |
RE 10.5 Activities Involving number words and making groups of ten

Variations of the “Grou

- ! s of Ten” activi

ing sheets in Fi P . ty are suggested by the th

then count ouég:lhr: i‘grf On GIBt Thls Many Activity Page, stlfdents C(l;flilto g:zrdricord-

groups of ten in. Noti e;pq_ndlng I_lu_mber of counters. Provide small cups t ut al}lld

they understand' oy c;:otu I?: }t)he actn)flfy reqSires students to first count ths sei(:3 iﬁit‘:zasi

place-val . en by ones), recor the amount in
value groupings.'The Fill the Tens and Loop This Manywzsgf;itirngagleinbm?ke thtf;

egin wi

2 verbal nam
e (number word), and
‘make groips, )s students must count the indicated amount and then

M M

MYLab Education Activity Page: Get This Many

: .MyLab Education Activity Page: Fill the Tens

_ YLab Education Activity Page: Loop This Many

MyLab Education Activity Page: Bag of Tens

\.

Activities to Develop Base-Ten Concepts
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CCSS-M: K.NBT.A.1; 1.NBT.B.2a; 1.NBT.B.2b
Estimating Groups of Tens and Ones

Glve students a length that they are going to measure—for example, the length of a child lying down or the distance around a
sheet of newspapet. At one end of the length, line up 10 unlts (e.g., 10 linking cubes, toothpicks, rods, or blocks). On a record-
Ing sheet (see Figure 10.6 and the How Long? Activity Page), students record an estimate of how many groups of 1.0 and cme::j
they think will match the length. Next they find the actual measure, placing units along the full length. These units are cou:te
by ones and grouped in tens. Both results are recorded. Estimating the groups of ten requlres children to pay attention to the
ten as a group or unit. Notice that all three place-value components from Figure 10.3 are included. Click below to see the

Expanded Lesson; Estimating Groups of Tens and Ones.

MyLab Education Activity Page: How Long?
Myl.ab Education Expanded Lesson: Estimating Groups of Tens and Cnes

| FORMATIVE ASSESSMENT Notes. Use a Class Observational Checklist to record
f_J observations about how students do these activities. For example, how do studentfs count
out the objects? Do they make groupings of ten? Do they count to 10 and then start again at 1?
Students who count in these ways are already using the base-ten structure. But what you may
see early on is students counting a full set without stopping at tens and Wl.th.()llt any effort to
organize the materials in groups. If you notice that behavior, use a diagnostic interview and ask
the student to count a container of beans (with between 30 and 50 beans) and record the
number. Ask the student, “If you were to place each group of 10 beans in a small cup, how many
cups would you need?” If the student has no idea or makes random guesses, what would you
know about the student’s knowledge of place value? &

WiyLab Education Blackline Master: Class Observational Checklist

Grouping Tens to Make 100

In second grade, numbers up to 1000 becotme important. Here the issue is not just c9rmecting
a count-by-ones concept to a group of 100, but rather seeing_the number in mult_lple ways,
including as 100 single objects, as 10 tens, and as a singular thing. In textbooks, this connec-
tion is often presented on one page showing how 10 rods of ten can be put toge1:_h‘er to make
1 hundred piece. This quick demonstration may be lost on many students. Additionally, the
word bundred is equally strange and can get even less attention, These word names are not as
simple as they seem! '

NAME \-) QS ‘CCI-

ITEM
STrdws

ESTIMATE ACTUAL
g TENS (O ONES 2 rens 2 ONES
Thirt vy -To
Number Word
TENS ONES __ TENS _____ONES

Number Word

FIGURE 10.8 Recording sheet for estimating groups of tens and ones.

' .
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Ib reinforce the idea that a hundred is a group of 10 tens and also 100 singles, consider
the estimation activity Too Many Tens,
(Myl.ab Education Activity Page: Too Many Tens
\

- CCSS-M: 2.NBT.A.1
Too Many to Count?

Show students any quantlty with 250 to 1000 Items. For example, you might use a contalner of llma beans, a long chain of con-
necting iinks or paper clips, a box of pennies, or a grocery bag full of straws. Flrst, have students make and record estimates of
how many beans, for example, are In the contalner. Discuss how students determined their estimates. Then distribute portions

of ten? What Is 10 groups of ten called?” Be brepated with some larger containers or baggies into which 10 cups (or other col-

total as 4 hundreds + 7 tens -+ 8 ones. This activity can be extended to third graders with amounts more than 1000,

of the beans to palrs or trlads of students to put into cups of 10 beans. Collect leftover beans and put them Into groups of ten as
well. Now ask, "How can we use these groups of ten to tell how many beans we have? Can we make new groups from the groups

lections of 10 tens) can be placed. When all groups are mace, count the hundreds, the tens, and the ones separately. Record the

In this activity, it is important to use a groupable model so that students can see how the
10 groups are the same as the 100 individual items. At first you may think this activity will take
too much time. But this activity helps cement the connection that is often lost in the rather sim-
ple display of a hundreds picce or a paper hundreds square in the pregrouped base-ten models.

Mylab Education Video Example 10.2

Watch a video of a student playing a race to 100 game with a teacher, This
game will also help students carry out the equal trades that relnforce the
use of pregrouped base-ten models. ‘

Equivalent Representations

An important variation of the grouping activities is aimed at the equivalent representations of
numbers. For example, pose the following task to students who have just completed the Groups
of Ten Activity 10.2.

What is another way you can show 42 besides 4 groups of ten and 2 singles? Let’s see how many ways
You can find.

Interestingly, most students will go next to 42 singles. The following dctivities focus.gn
creating other equivalent representations. ‘

"CCSS-M: 1.NBT.B.2; 1.NBT.C.5

Can You Make the Link?

Show a callection of materlals that are only partly grouped In sets of ten. For example, you may have 5 chalns of 10 links
and 17 additional unconnected Iinks. Be sure the students understand that each chain has 10 links. Have students count the
Number of chains and the humber of singles In any way they wish to count. Ask, “How many in ali?” Record all responses and
discuss how they got thelr answers. Next, before their very eyes, change the groupings (make a ten from the singles, or break

apart one of the tens) and repeat. Do not change the total number of links from one time to the next. Once students begin to
\ Understand that the total does not change, ask in what other ways the Items could be grouped if you use tens and ones.
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; ions for hundreds as groups of N .
ing i rade, equivalent representations F0t b Fow TG .5 Reading and Writin
1f you are t.eachlng . Secon? ghund,reg as 10 tens. The next activity 15 similar to “Can You o g g Show forty-two three different ways,
tens can help with the C(zlncept Cine regrouped materials and includes hundreds. Numbers . !
i i Ing P
In this section, we focus on helping students connect oral
\ and written names for numbers (see bottom of Figure 10.3) 0005000000 0606060000 o0060085358
. 3: K.CC.B.5 : with their emerging base-ten concepts of using groups of 10 | 5600006600 0006000066 9990000006
‘cCSS-M: 2.NBT.A.L; 2.NBT.A.3; R.L4. ' or 100 as efficient methods of counting. Note that the ways = Tons Tons
) we say and write numbers are conventions, not concepts. Stu- Ones Ones Ones
tion dents must [earn these conventions by being told rather than
Three Other W&VS i i tan materlals in the standard representa v g _
is work in groups or pairs. First, they show 463 on their desks w‘thtt::?:;ir:her ways of representing this quantity. through problem-based activities, Remember that for EL. -
o ds pieces, 6 tens and 3 ones). Next, they find and record at leas scific number of pieces. “Can you show 463 with : students, the convention or pattern in our English number | How much? Show another way.
N hu:‘cil::ensispto ch;llenge students to find a way to ghow an amount with a spe words is probably not the same as it is in their native language :
A variatio . : . :
to do this.) - especially for the numbers 11 to 19, z
34 pleces?” (There is more than one way peelly YY) CI011 I:l 000
| S ] i B
. i mi-concrete st ‘ -
When students have sufficient experiences with pregroupeddnﬁzf;;zﬁ; 5(‘32: Figare 10.7 Two-Digit Number Names . : ]] |] |] [| " I] [I [] [| l] [I |]
i an s ‘ . : '
square-line-dot notation can be used for recording (?nes’:zlféinforce the notion of unitizing : In kindergarten and first grade, students need to connect
;Illd Square Line Dot Activity Page). Use Fhe d'rm;rmgsmdents can record their thinking and B the base-ten concepts with the oral number names they have : : T .
(i.e., one ten, one hundred) and as a suggestion for how s Ui repeatedly used, They know the words but have not thought ~ FIGURE 10.7 Equivalent representations using square-
t}‘le.i,l' results. of them in terms of tens and ones. In fact, early on they may  line-dot pictures.
DS o | want to write twenty-one as 201,
. ; . Line Dot j 5 When teaching oral names, you will want to use base-ten models. Initially, rather than
n Activity Page: Square - . : & : ,
Mylab Educatio T ) : using standard number words, use the more explicit base-ten language (e.g., “4 tens and 7 ones”
| vity begins to incorporate oral language with eqi{ivalent representation instead 9f “fort.y-seven”). Base-ten 1an'guage is rarely misunderstood.. When it seems appropri-
The next activity begins ate, begin to pair base-ten language with standard language. Emphasize the teens as exceptions
ideas. to the pattern. Acknowledge that they are formed “backward” and do not fit the patterns. The
next activity helps introduce oral names for numbers.
. ccSS-M: 1.NBT.A.4; 2.NBT.A.1; 2.NBT.A.3
-Ten Rlddles . ase, students should use ' 3
Dase ddles can be presented orally or in witten form (see BaseTen RIAD f a::sr;i.f::r::l:?;vils of difflculty. Have students i o CCSS-M: 1.NBT.B.2¢c -
Base-ten ridgle: . les here [llustrate a variety . i :
base-ten materials to help solve the rlddies._The examp Countmg ROWS Of Ten
te these.
write new riddles when they comple Project the 10 X 10 Multiplication Array of dots. Cover up all but two rows, as shown in Figure 10.8(a).
| have 23 ones and 4 tens. Who am I? “How many tens? [2,] Two tens is called twenty” Have the class repeat. Show another row. “Three tens

| nave 4 hundreds, 12 tens, an d 6 ones. Who am 12 is called th'i,rty. Faur tens Is forty. Flve tens could hz.ave been flvety but is just flfty. How many tens does
slxty have?” The names sixty, seventy, eighty, and ninety all fit the pattern. Slide the cover up and down
the array, asking how many tens and the name for that many, ELs may not initially hear the difference between fifty and
fifteen, sixty and sixteen, and so on, so explicitly compare these words and clearly enunciate—even overemphasize the
word endlngs. ‘

Use the same 10 X 10 multiplication array to work on names for tens and ones. Show, for example, four full lines:
“forty” Next, expose one dot in the fifth row. “Four tens and one. Forty-one.” Add more dots one at a time. “Four tens
and two. Forty-two! “Four tens and three. Forty-three.” This visual is shown in Figure 10.8(h). When that pattern is estab-
lished, repeat with other decades from 20 through 90. Eventually connect the array to a Hundreds Chart to connect the i

oral name and the written numetral. For example, chiidren can locate 43 as three rows of ten down and over to the right !
three ones.

| have 30 ones and 3 hundreds. Who am 1?

1 am 45. | have 25 ones. How many tens do | have?

| am 341.1 have 22 tens. How many hundreds do | have?
2 hundrads, and 21 ones. Who am [?

| would be 115. Who am 1?
17 How many tens do | have?

| have 13 tens,
if you put 3 mate tens with me,

| have 17 ones, | am between 40 and 50. Who am

: - ards o
MyLab Education Actlvity Page: Base Ten Riddle C

MM—-MMWM-“_AMH,__H“_....M_N_M#_j
MyLab Education Self-Check 10.4 o o

MyLab Education Blackline Master: 10 X 10 Multiplication Array
A Myl.ab Education Blackline Master: Hundreds Chart
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s basic approach might be done with other base-ten models.

The next activity shows how thi

CCSS-M: 1.NBT.B.2; 1.NBT.C.5

a w l\
Counting Wlth Base-Ten 1V]:Odehls the carpet In a mixed arrangement. Ask, “‘How Lisu
i them on
S o e o remove. BTt i a estion. Next, add some ones. Always have students give LEARNERS

Add or remove a ten and repeat the qu
o standard name. For many students,
se-ten names and the corresponding st
the materials displayed by adding or te
hiems). Avoid the standard left-to
not the order they are in. )
. -Ten Materlals at thelr desks. For example, say: Make

d then give the base-ten name (7 tens and

including ELs and students with disabllitles,
andard names on the math word
moving 1 or 2 tens and by adding and
-right order for tens and ones; the

many tens?”
the base-ten name and th
it is helpful to post examples of ba
wall. Continue to make changes in
removing ones (or nave students create pro
emphasls Is on the hames of the materials,

Reverse the activity by having students use Base e
seventy-glght” The students make the number with the mg o o e csos Flgure ooy
8 ones) and standard name (78). Students can also recor

ne Master: Base-Ten Materials

Mykab Education Blackli

\,

{a)

VFIGURE 10.9 A student's recording of 78 with models

"Two tens—twenty”
o and the base-ten name.

b
() CCSS-M:

1.NBT.B.2a;
1.NBT.B.2b;
1.NBT.B.2¢

Tens, Ones, and Fingers

Ask your class, “Can you show 6 fingers [or any anfount
less than 10]7” Then ask, “How can you show 37 fin-

| L . ] i
: L _ . gers?” Some students W
: ' o ’ dents are required. Line up four students, and have three

students hold up 10 fingers while the last student holds

up 7 fingers. Have the class count the fingers b
ones. Ask for other students to show different numbers.
Emphasize the number of sets
gle fingers (base-ten language),
standard language.

"Equr tens—forty” )
“Four tens and three—forty-three
| and palr this model with

FIGURE 10.8 10 x 10 dot arrays are used to mode!

figure out that at least four stu- _

y tens and

of ten fingers and the sin-

"

sets of tens and ones,

~ how the left-to-right order of the pieces is also the way that , R
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Activities 10.8, 10.9, and 10.10 will be enhanced by having students explain their thinking, If
you don’t require students to reflect on their responses, they soon learn how to give the response
you want, matching number words to models without actually thinking about the total quantities.

Three-Digit Number Names

The approach to three-digit numbéer names starts by showing mixed arrangements of base-ten
materials and have students give the base-ten name (4 hundreds, 3 tens, and 8 ones) and the
standard name (438). Vary the arrangement from one example to the next by changing only one

type of piece; that is, add or remove only ones or only tens or only hundreds. It is important for C ¢§ gltaatnt:?;c;st if(?s:l
students with disabilities to see counterexamples, so purposely point out that some (anonymous!) S5 p.o yice

students wrote 200803 for two hundred eighty-three, and ask them whether that is correct and  Mp3. Construct viable
explain their reasoning. The connection between oral and written numbers is not straightforward,  arguments and eritique the
with some researchers suggesting that an early milestone on the route to full understanding is  reasoning of others.
this early (incorrect) expanded form of writing numbers (Byrge, Smith, & Mix, 2013). These
discussions allow students to explore their initial ideas and clear up any misunderstandings,
The major challenge with three-digit numbers is with numbers involving no tens, such
as 702 (or later with numbers such as 1046). As noted earlier, the use of base-ten language is
quite helpful here. The difficulty of zero-tens (or more generally the internal zero) is more
pronounced when writing numerals, For example, students frequently incorrectly write 7,002
for seven hundred two. Emphasizing meaning in the oral base-ten language will be a significant
help. At first, students do not see the importance of zero in place value and do not understand
that zero helps us distinguish between such numbers as 203, 23, and 230 (Dougherty, Flores,
Louis, & Sophian, 2010). Carefully avoid calling zero a “placeholder,” because it is a number
with a value, ELs may need additional time to think about how to say and write the numerals,
because they are translating all the terms involved with the number.
Researchers note that there are significantly more errors with four-digit number names
than three-digit numbers, so do not think that students will easily generalize to larger numbers
without actually exploring additional examples and tasks {Cayton & Brizuela, 2007).

Written Symbols

Place-value mats are simple mats divided into two or three
sections to hold ones and tens or ones, tens, and hundreds
pieces, as shown in Figure 10.10. You can suggest to your _
students that the mats are a good way to organize their mate- Tens Ones
rials when working with base-ten blocks. Explain that the A, el el |
standard way to use a place-value mat is with the space for the f ‘ 49
ones on the right and the tens and hundreds places to the left,
Although itis not commonly seen in textbooks, it is strongly
recommended that two ten-frames be drawn in the ones place
as shown on the Place-Value Mat. That way, the amount of Y Can?
ones on the ten-frames is always clearly evident, eliminating . - s
the need for repeatedly counting the ones. The ten-frame also  © _ '
makes it very clear how many additional ones are needed to Strips and squares shaw 237 on a place-valus mat. .
make the next set of ten. If students are modeling twonumbers . Hundreds Tens : Ones :
atthe same time, one ten-frame could be used for each number. = :

Cups and beans show 53 on the place-value mat,

A e o] [a] =

MyLab Education Blackline Master:
Place-Value Mat

As students use their place-value mats, they can be shown

numbers are written. To show how the numbers are “built,”  FIGURE 10.10 Placevalue mats with two tenframes in
have 4 set of Place-Value Cards—one for each of the hundreds  the ones place promote the concept of groups of ten,




296  Chaptet 10 Developing Whole-Number Place-Value Concepts
10-90), and ones cards
100-900), one for each of the tens ( -90),
%or 1 thro):lgh 9 (see Figure 10.11). Notice that the cards 'cu:'f1
made so that the tens card is twice as long as the ones (:an;i
and the hundreds card is three times as long as the ones card,

NEyL.;\i) Edu_(:ation Actlvity Page: Place-Value w
: Cards

e e A

As students place the materials for a number (e.g., 457) on
the mat, have them also place the matchj.ng ca1:ds (e.g 40(;, Sc(l),
U o ' R o and 7) below the materials. Then, starnrag ¥1§1 the hunhr\ii ls1
et bers with a set of placealue layer the others on top, right aligned. This approac
o glilt‘)(i;r lziv the number is built while allowing the st:uder.rc?1 to

see the individual place value parts of Fhe nu(xink:ier Whlsir a'z:
i The place-value mat and the matching caras aemon
e e e e sem modl and the written form of the numbers.
p students make connections between ‘models,
forms. The activities can be done with two-

cards.

ially hel
:ligicntlpci‘tanflilﬂ{ between the base-ten models
The next two activities are designed to hfal
oral language (base-ten and stan'dard), and wntt,en ;
or three-digit numbers, depending on students’ needs.

' cCSS-M: 2.NBT.A.1a; 2.NBT.A.1b; 2.NBT.A.3

Pisplay models of ones, tens, hundreds {and thousands, if approprlate) in a mixed arra:gement. Uste a projec tO_ : 7_ A
virtual manipuiatives, ot simply draw on the board using the square-line-dot method. Students say he amoun ENGLISH
r

" “four
hown In base-ten language {“four hundreds, one ten, and five ones ) and then in standard language (
sho -

y n t, St t Y

- terials to
"ghow [t/Press It" by saylng the standard name for a number and then having st.udents usebba:tv::: :;ran =
s?lo(:thht;t number and enter it on their calculators (or write it). Agaln, pay atte:t::d:;;:;?ﬁ ::e e wards that g0 with
ith Internal zeros (e.g., 408). ELs may nee
the teens (e.g., 317) and numbers w

the numbers, especlaily as the numbers get larger.

\.

i i ant
To support students struggling with reading a number with an internal zero you may w:

“ \ d
to show (or say) 7 hundreds and 4 ones. Then the class says, “Seven hundreds, zero tens, an

- e
four ones, which is—seven hundred (sight pause) four.” The pause and the base-ten languag

support the correct reading of the three-digit number.
“The next activity is also a good assessment to see
vahue of digits in two-, three- or four-digit numbers.

whether students really understand the

cCcSSs-M: 1.NBT.B. NBT.C.6; 2.NBT.A.1;
2

2; 1.NBT.C.5;
2.NBT.A.3; 2.NBT.B.5; 2 .

5; 1.
.NBT.B.8
Digit Change STUDENTS

h
ave 1

181 h

r to B

that say "add ten” or “add one! They may a
the humber and then move to more abstract wo

Iso heed support with Base-Ten Materlals to be able to conceptualize

rk using only the calcutator.

L MyLab Education Blackline Master: Base-Ten Materials -

Place Value Patterns and Relationships—A Foundation for Computation

D FORMATIVE ASSESSMENT Notes. Students are often able to disguise their lack of place
value understanding by following directions, using the tens and ones pieces in prescribed
ways, and using the language of place value.

The diagnostic interviews presented here are designed to help you look more closely at
students’ understanding of the integration of the three components of place value, Designed
as interviews rather than full-class activities, these tasks have been used by several researchers
and are adapted primarily from Labinowicz (1985), Karmii (1985), and Ross (1986).

The first interview is referred to as the Digit Correspondence Task. Take out 36 blocks.
Ask the student to count the blocks, and then have the student write the number that tells how
many there are. Circle the 6 in 36 and ask, “Does this part of your 36 have anything to do with
how many blocks there are?” Then circle the 3 and repeat the question. As with all diagnostic
interviews, do not give clues. Based on responses to the task, Ross (1989, 2002) has identified
five distinct levels of understanding of place value:

1. Single numeral. "The student writes 36 but views it as a single numeral. The individual digits

3 and 6 have no meaning by themselves. :

2. Position mames. The student correctly identifies the tens and ones positions but still makes
no connections between the individual digits and the blocks.

3. Face value. The student matches 6 blocks with the 6 and 3 blocks with the 3.

4. Transition to place vaine. The 6 is matched with 6 blocks and the 3 with the remaining

30 blocks but not as 3 groups of 10,

5. Full understanding. The 3 is correlated with 3 groups of ten blocks and the 6 with 6 single
blocks. '

For the second interview, write the number 342. Have the student read the number, Then
have the student write the number that is 1 more. Next, ask for the number that is 10 more. You
may wish to explore further with models. One less and 10 less can be checked the same way.
Observe whether the student is counting on ot counting back or whether the student imme-
diately knows that ten more is 352, This interview can also be done with a two-digit mumber.

A third interview can also provide interesting evidence of depth of understanding, Ask the
student to write the number that represents 5 tens, 2 ones, and 3 hundreds, Note that the task
does not give the places in order. What do you think will be a common misunderstanding?
If the student doesn’t write 352, then ask the students to show you the number with base-ten
materials, and to say what number they have with the materials. Compare to what they wrote
previously, if different, What information can you obtain from the results of this interview? &

MyLab Education Video Example 10.3

Watch Zenalda and consider what she knows about place value based
on her responses to the interviewer's questions.

MyLab Education Self-Check 10.5

\ Place Value Patterns and Relationships—A
’ Foundation for Computation

In this section, the focus will be the relationships of numbers to important special numbers
called benchmark numbers and ten-structured thinking—that is, flexibility in using the structure
of tens in our number system, These ideas begin to provide a basis for computation as students
Simultaneously strengthen their understanding of number relationships and place value.

The Hundreds Chart

The Hundreds Chart (see Figure 10.12) deserves special attention in the development of

Place-valye concepts. K-2 classrooms should have a hundreds chart displayed prominently
. and used often.
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viyLab Educ;&;;- Blackline Master: Hundreds
Chart

i be made of trans-
A useful version of a hundreds chart can
parent pockets into which each of the 100 n:ilmeral lftarl:'l;lesr;:ir;
ive students v
be inserted. You can cover numbers, give 8 : '
pfalé;szn the chart or highlight patterns sucfi s Eklp cotlﬁz;gs
ave §
5 (even numbers), 5, and 10, You can also
ls)lzvl c(gznt by threes ;nci fours and color in each numl;ler thtfly
cognt. Discuss the pattern shown on the chart as well as the
: s in the numbers.
Pattf[rr?ldndergarten and first grade, students can coqntlaled
recognize two-digit numbers on the hundreds_clhart inc ;1 -
ing tghe decade numbers from 10 to 100, Ad&ilmon;lly, 1trst
' develop a base-ten
s can use the hundreds <-:h‘art to . :
E:il(i;tanding of adding two-digit numbers V?’lth mul;lplis
of 10, noticing that jumps up or down are jumps ;3 &tzré
while already recognizing that jumps to the right or le
i f one.
]umr’)Is‘l-Tere are lots of patterns on the }'mndred's chart, and
during discussions, different students will describe the s;ﬁe
attern in several ways. Accept all ideas, Tlere are some o S
iP;nportant place-value-related patterns students may point out:

FIGURE 10.12 A hundreds chart.

_ J—
o The numbers in a column all end with the same number, which is the. same as the no
of the chart. ‘ : N

. 1lI}:iraartoﬁet'jl::.::pfirst pumber (tens digit) stays the same and the “second” number (0

digit) co’unts 1,2,3,...9, 0)changes as you move; across. b ones a5 you move
. Inga column, the first number (tens digit) “counts™ or goes up by

down. _ |
U -Y(())u can count by tens going down the far. right-hand COluHﬁ};ld e ith the same
+ Starting at 11 and moving down on the diagonal, you can

digit in the tens and ones (e.g,, 11, 22, 33, 44, and so on).

ivi dent may notice
i trivial. For example, one stu
these patterns are not obvious or ‘ : ynotie
FO': S:nu?zrgls; colunfn under the 4—every number ends in a 4.t;I‘w70 ?}??ﬁfi ia;ixt':c snother
; i .'Tha
Z}tlzdpeiltt will “discover” the parallel pattern in the column headed by
letely obvious. .
every column may not be comp "
ry—Once you've discussed some of the patterns, try the next activity,

\

; .C.5
. CCSS-M: K.CC.A.1; K.NBT.A.1; 1.NBT.A.1; 1.NBT.B.2; 1.NBT.C

Missing Numbers . e cords have boon removed. T student'
ith a hundreds chart on which some O - | numbers removed.
me?etsw:;:?ev:he missing humbers, To begin, have only a random selection of individua
taskis to r

] i NEEDS
students with disab sthink-aloud” to describe how you
f 2 missing number using a “th
ifities, model the placement o ho bow
; t I:ieciLlon and what key features of the number you think about as you piace the number properly on
make your
the chart.

MyLab Education Blackline Master: Blank Hundreds Chart

Place Value Patterns and Relationships—A Foundation for Computation

FORMATIVE ASSESSMENT Notes. Replacing the number cards on g blank chart is 2
¥ good station activity for two students to try. By listening to how students determine the

correct places for numbers, you can assess how well they have constructed an understanding of
the 1-to-100 sequence and whether they recognize and

putposefully use patterns in our number
system to recreate the hundreds chart. B ‘
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Fmding Nelghbors on the Hundreds Chart

Begin with a blank or nearly Blank Hundreds Chart (projecting it on & screen or giving coples to individual students).
to the left, right, above, and below. After students become comfortable naming the neighbors of a number, ask what

number. Those above and below are ten less and ten more, respectively. How do numbers differ on the dlagonal? By
relationships.

MyLab Education Blackline Master: Blank Hundreds Chart
b,

CCSS-M: K.CC.A.1; K.NBT.A.1; 1.NBT.A.1; 1.NBT.B.2; 1.NBT.C.5

they notice about the neighboring numbers. The numbers to the left and right are one less and one mare than the given

discussing these relationships on the chart, students begln to see how the sequence of numbers is related to numerical

Then, circie a particular missing number. Students should fill In the designated number and its “nelghbars,” the numbers

X

In the following activity, number relationships are made more explicit by modeling the
numbers with base-ten materials and associating those models with the hundreds chart.

Fendi CCSS-M: K.CC.A.1; K.NBT.A.1; 1.NBT.A.1; 1.NBT.B.2; 1.NBT.C.5
Models with the Hundreds Chart

Use either Base-Ten Materials or the Little Ten-Frame Cards to mode! two-digit numbers with which the students are
famiilar.

@ Glve students one or more numbers to first make with the models and then find on the hundreds chart. Use groups of two
or three humbers In either the same row or the same column. Ask students how are the numbers alike and how are they
different.

@ Indicate a number on the chart. What would you have to change to make each of its nelghbors (the numbers to the left, to
the right, above, and below)?

As a first step in moving to larger numbers, continue your hundreds charts to 200 and extend the same

guestions to the larger
numbers. Then extend the hundreds chart to a thousands chart. '

MyLab Education Blackline Master: Base-Ten Materials
MyLab Education Blackline Master: Little Ten-Frame Cards
\

‘\

TECHNOLOGY Note. Several web-based resources include hundreds charts that allow
students to explore patterns. Learning about Number Relationships is an example
from NCTM’s Hluminations (https://illuminations.nctm.org) that has a calculator and

undreds chart and allows for a variety of explorations. (There are extensions to thousands
charts, t00,) Students can skip-count by any number and also begin their counts at any
Number, AB

Cya’s (http://www.abcya.com) Interactive Number Chart (0-99 or 1-100)
Allows students to find and document patterns by coloring the squares that contain the
Dumbers, g
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\.

The .'Tl'io'usands Chart

Provide students with several Blank Hundreds Charts. Asslgn groups of three of four students the task of creating a 1-t0-1000
chart. The chart is macle by taping 10 nundreds charts together in @ long vertical strip. Students should decide how they will
divide up the task, with different students taking different parts of the chart. The thousands chart shouid he discussed as a
class to examine how numbers change as you count from one hundred to the next, what the patterns are, and so on. All of the
eatlier hundreds chart actlvities can he extended to thousands charts. :

CCSS-M: 2.NBT.ALL; 2.NBT.A.2; 2.NBT.A.3; 2.NBT.B.8 ‘\

MyLab Education Blackiine Master: Blank Hundreds Chart

Relative Wéagnﬁ‘md@ Using %@mhé’ma’k Numibers

Number sense also includes having a grasp on the size of numbers. Relative magnitude refers
to the size relationship one number has with another—is it much larger, much smaller, close or
about the same? How students think about these comparisons is supported by the use of models
and by the development of benchmark numbers that can be used as signposts for a namber’s
location (as on a number line).

A valuable feature of both the hundreds chart and the little ten-frame cards is how clearly they
illustrate the distance to the next multiple of 10—the number of spaces to the end of the row on the
chart or the blank spaces on the ten-frame card. Multiples of 10, 100, and occasionally other num-
bers, such as multiples of 25, are referred to as benchmark mumbers, Students learn to use this term
when they work with informa! methods of computation. When finding the difference between 74
and 112, a student might say, “First, I added 6 onto 74 and that equals 80, which is a benchmark
number, Then T added 2 tens onto 80 to getto 100 because that’s another benchmark number.”
Whatever terminology is used, understanding how numbers are related to these special numbers
is an important step in students’ development of number sense and place value understanding.

[n addition to the hundreds chart, the number line is an excellent way to explore how one
number is related to another and is predictor of future mathematics performance (Dietrick,
Huber, Dackermenn, Moeller & Fischer, 2016; van den Bos, et al. 2015). The next two activides
are suggestions for using the Number Lines Activity Page as a student recording sheet.

MyLab Education Activity Page: Number Lines

\

- £CSS-M: 1.NBT.A.L; 1.NBT.B.2; 1.NBT.B.3; 2.NBT.A.1;
2.NBT.A.2; 2.NBT.A.4

Who Am 17

, ‘ . STUDENTS
Draw a long line {(or use cash reglster tape) and label 0 and 100 at opposite ends. Mark a polnt with a “?" {on with
a sticky note) that corresponds to your soctet numbet. Have students try to guess your secret numbet. For each s{:,g;"

guess, place and label a mark at that humber on the line until your secret number is discovered. Have students

explaln how they are making their estimatlons Including highlighting any usé of benchmark numbers, As 8 variation, use the
Who Am 17 Activity Page where the end points are different such as 0 and 1000, 200 and 300, or 500 and 800. For students
with disabllities, mark the guesses that have occurrad and whete they are located. Labellng those numbers at their actual loca-
tions will support students’ reasoning ih the process of identlfying the secret number.

| 20 884 TS |
< : ':,:(l?) : >

0 100

MyLab Education Activity Page: Number Lines
MyLab Education Activity Page: Who Am I?

Place Value Patterns and Relationships—A Foundation for Computation
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CCSS-M: 1.NBT.A.4; 4.N :
2.NBT.A.2; 2.NBT.A.4 BT.B.2; 1.NBT.B.3; 2.NBT.A.1;

Who Could They Be?

Label tWo polnts on a Numb:
er Line (not necessatily th
ont pointe 1ol wih y the ends) with benchmark numbers. Sh
hown nore. B and 0 E"‘tleeltterstsmd ask what numbers they might be and why they think tha: vlvns::dents e el
" . ess than 100 but prebably more than 60. E . e Vet
where 75 might be or where 400 is located. About how f B 2830, You Gan also ask -
o o ‘ . ar apart are A and D? Why d i : |
e T .,..,,r;:dac:”dren with disabilities say as well as write the numbers :n : :::leth'": o
nd say the numbers. Use the Who Could They Be? Activity Page for n:: e o aSkf
? re examples,

STUDENTS

. . B o
< 5:0 > ¢ '::’ % > LEARNERS
x:’rtzg Sgucation Activity Page: Number Lines |
ucatl i :
. ation Activity Page: Who Could They Be?
The next activity has students i
et e o er s ents apply some of the same ideas about benchmark numbers
CCSS-M: ;
S-M: 1.NBT.A.1; 1.NBT.B.2; 1.NBT.B.3; F A

.2: 1.
2.NBT.A.1; 2.NBT.A.2; 2.NBT.A.41
Close, Far, and In Between

Put any three numbers on
the board that are a
referen ; ppropriate for your students. Wi
ts, ask questions such as the following, encouraging discussion of a”\cfel;l;;hese three numbers as
. rHses:

457

Which two numbers are closest? How do you k.now"

Which i | |
ch is closest to 3007 To 2507 -

Name a number between 457 and 364.

Name a multiple of 10 between 219 and 364.

N
Aame an even number that is greater than all of these numbers
bout how far apart are 219 and 5007 219 angd 50007

If these are “big nu be ! - V
-

H y y g
'

Look at the corres
ponding Expanded Lesson: C
Number betwee : Close, Far, and In Between, where s
n 0 and 100, and sirengthen their conceptual understanding of num::l:reslr::se ‘:‘:;m?te e rlative size of &
place value,

MyLab Education Expanded Lesson: Closé, Far, and In Between

\—
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= Approximate Numbers and Rounding

463 500

The most familiar form of computational estimation is rounding,
which is a way of changing the numbers in a problem to others that
— are easier to compute mentally. The Conemion Core State Standards
say that students in third grade are expected to use place-value

FIGURE 10.13 An empty number line can be labeied in .
different ways to heip students round numbers. understanding to round numbers to the nearest 10 or 100 and stu-
dents in fourth grade should be able to round any multidigit whole

number to any place value. At third and fourth grade students use rounding to assess the reasonable-
ness of answers, Fifth graders will be using place value anderstanding to round decimals to any place.

It be useful in estimation, rounding should be flexible and conceptually well-understood.
"To round a pumber simply means to select a compatible number. (Note that the term compatible
is not a mathematical term. It refers to numbers that would make the problem easier to com-
pute mentally.) The compatible number can be any close number and need not be a multiple
of 10 or 100, but in many cases students are asked to round to one of these places.

A number line with benchmark numbers highlighted can be useful in helping students
select compatible numbers. An empty mumber line like the one shown in Figure 10.13 can be
made using strips of poster board taped end to end or cash register tape. Labels are written
above the line. The ends can be labeled 0 and 100, 100 and 200, . . . 900 and 1000. Tndicate the
Jocation of 2 number above the line that you want to round. Discuss the locations of numbers
that are close. Teach students the convention that if a number that is being rounded hasa § in
the place being considered, although it is halfway between two numbers, they round up. The
pumber line is a powerful tool for these discussions.

Connections 1o Real-World Ideas
m to notice numbers in the world around

As students stady place-value concepts, encourage the
ther. Students K—1 should be thinking of numbets ta 100 and 120 respectively while students in
the second grade should be thinking about numbers up to 1000 (NGA Center & CCSSO, 2010).
Where are these numbers found in the school? You might use the number of children in the third
grade, the aumber of minutes devoted to mathematics each week, or the number of days since
school has started. There are measurements, numbers discovered on a field wip, numbers in books
in other subject areas, and so on. What do you do with these umbers? Tum them into interesting
graphs, write stories using them, and make up problems. For example, how many cartons of choco-
fate and plain milk are served in the cafeteria cach month? Can students estimate how many cartons
will be sold in a year? Collecting data and then grouping into tens and hundreds (or thousands) will
help cement the value of grouping in situations when you need to count and compare quantites.

The particular way you bring number and the real world together in your class is up to you.
But do not underestimate the value of connecting the real wotld to the classroom.

MyLab Education Self-Check 10.6 ,
e _

£ %

Numbers Beyond 1.000

For students to have good concepts of pumbers beyond 1000, the place-value ideas that have been
carefully developed must be extended. 'This development is sometimes difficult to do because phys-
ical models for thousands are not readily available, or youmay just have one large cube to show. At
the same time, number-sense ideas must also be developed, In many ways, connecting very 1arge
qumbets to real amounts s just as important as connecting smaller numbers to real quantities.

Exiending the Place-Yalue System

Tiwo important ideas developed for three-digit aumbers should be extended to larger numbers
as students move to thinking about 1,000,000 in fourth grade (NGA Center & CCSS0, 2010).

| Similarly, each flat shape is 100 cubes.

:ri h .
Bt. The triples are then read, stopping at the end of each

Numbers Beyond 1000

First, th iplicati
o éosi:i iu:iggtﬂ:; s;:rutil;re of the r}umber system should be generalized. That is, ten in
iy posttion meles pattg,; 1:1 o g (group) in the next position to the left, and vice versa. éecond
o dift o e e or number§ in three digits are duplicated in a clever way for eve ’
shres diglts to d Beca.us ese ;Wlo related ideas are not as easy for students to understand as adulrt}sr
seerh (05 must;j o t[:_: trlrlm els forllarge numbers are so difficult to demonstrate or visuali

eal with these ideas in a predominantly symbolic manner. That is not sil;&lcielzli;
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CCSS-M: 2.NBT.A.1; 2.NBT.A.3

What Comes Next?

Use Base-Ten Materials where
the unit or ones piece |
Grods aioce 1o m scuire. 10 0 pl s a 1-cm square the tens plece is a 10-em X 1
’ ~ch
Tome tgotien o s ot :;eififocm. What Is next? Ten hundreds Is cailed a thousand. What sha:e \:::Ilzi?anfhthe .
e orocgeseed o thie bt 1 paper hundreds squares. What comes next? (Reinforce the Idea of “10 OUS?“d et
ober 10,000 model Omae t.heer: o_ne:housand strips would make a square measuting 1 meter (m) on each T:akes N
| . class has figured out the sha ot i &
b ot Lot smal groups work _ pe of each plece, the problem posed to th b
¢ on.the dimensions of a 100,000 piece (they will likely need space In thein;lii\:a\yv:hzt 0::‘;195
o do this!).

MyLab Education Blackline Master: Base-Ten Materials

How far ; o '
The idoa t}mtyf(;li:ifgem Iextend al(;hm square-strlp—square—strip sequence depends on your cla
orably: Tt s quite . [I)Jl ace makes 1 in the next can be brought home dramatically and .
e e lines Og ie plc;sm e w:lth older stude.nts to make the next 10-m X 10-m syuarergqm—
on =) - ns. g the corners. By this poin i
D e e e
strip is the model forelrg.mi]}Jlieolllo:lr“ILe>< dilfg;xr: " ulajre models 1 million, and the 100 mei; 1%2;
EvenT the ﬂ:;n‘l;}cﬁlt of 1 million tiny centimete?'csequ:?:segl irlngi'lils?\?eand 10 million i dramae.
first thrZee shapesa:rg(;ill}lziN?Xt? discussion in the context of three-dimensional models. Th
they make a cube—the : ct ; cube, a long, and a flar. What comes next? Stack 10 flats ang
(Sce Figure 10.14) Te aI]rjle shape as the first one, only 1000 times larger. What comes next?
flat. The first t.hre;e Sﬁn cu he s make another long, What comes next? Ten big longs mak el)){' .
the tric of et apes have now repeated! Ten big flats will make an even bi : b‘3 g
. pes begins again. The pattern of “10 of these gger cube, and

makes 1 of those” is “infinitely extendable” (Thomas, 2004

p. 305). Note that students with disabilities may have diffi- 10 at
S

E}Ulitlji'elrt:.terprging spatial i‘nformation, which plays into their make
o %es with interpreting the progression of place-value a cube.
aterfals (Geary & Hoard, 2005). Although i i c
terms cube, long, and ; gh we are using the uoe /
, long, and flst to describe the shape of the materials, M4 10 longs 10 cubes

make make

students wi
s will sce the shape pattern made as each piece gets flat
a flat. a long.

iaotit:rlllsei larger. In fact, it is still critical to call these represen-
g (]);,I'IES" tens, and hundreds,” particularly for students
N j::h ilities. We need to consistently name them by the
o ey represent rather then their shape. This language
.Smdemses l(;onceptual understanding and is less confusing for
onts 1:V ob may struggle with these concepts.

next e bcu e };as 4 name. Th:.a first one is the unit cube, the
Fach onsand, the next a million, then a billion, and so on.

ong is 10 cubes: 10 units, 10 thousands, and 10 millions.

_ Same thre; distinet - I
E shapos (e, ) Thres distinct shapes

II;I'.'SU!?E 10.14 With every three places, the shapes
peat. Each cube represents a 1, each long represents a
10, and each flat represents a 100.

To read a number, first mark it off in triples from the
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b

: 5 2 N 2 CCSS-M: 2.NBT.A.2; 2.NBT.A.3 ' A

= = 2 h -] c & X . .
3 ] _ : _ g g . H . . | Collecting 10,000 i
_ E | . % z % B 5 ?gl 2 E % E | '3 . o?) ;IE?S:L gr (i;(a)d:—le\:it project, collect some type of object v.vlth the objective of reaching some specific quantity—for example,
5 z £ 5 i 5 z @ G z = 5 : | teacher soent ];ee'io abs or sada can pop tops. If you begin aiming for 100,000 or 1,000,000, be sure to think It through. One
_ % I; c,:: % *],“ " 2 I.IT > ‘,? . ",', ; pent nearly 10 years with her classes before amassing a million bottle caps. It takes a small dump truck to hold that many!

L2 3 s 2 3 s ¢ § s £ 5| |
2§ & || & § 4| & 3 o= T O | -

CCSS-M: 2.NBT.A.2; 2.NBT.A.3 A |
showing 10,000

Sometimes It is easler to create large amounts than to collect them. For example, start a project in which students draw 100 or
200 or even 500 dots on a sheet of paper. Each week, different students contrlbute a specified number. Another idea is to cut
up newspapers Into pieces the same size as dollar biils to see what a large quantity would fook like. Paper chain links can he

' i const
FIGURE 10.15  The triples system for naming large numbers. | \ ructed over time and hung dowm the hallways with speclal numbers marked. Let the school be aware of the ultimate goal.

“Eour billion, twenty-eight million, three hundred sixty thousand, four hundred.”

to name the unit for that triple (see Figure 10.15), Leading zeros in each triple are ignored.

learn to read numbers like 059 (fifty-nine) or 009 (nine), they should be able

.iisgfjrﬁyciimber. "Ib write a number, use the tsyame scheme. If first malstered orally, the AT dbrmatcs (CSS-M: 2.NBT.A.1a; 2.NBT.A.3 A
system is quite casy. Remind students 707 to use the word “and” when reading a whqle - . How Long?/How Far?

ber, For example, 106 should be read as “one hundred six,” not “one hundred and six.” The g s sty o ats

word “and” will be needed to signify a decimal point. Please make sure you read numbers fonglis :Cm\:":/. abk I.';\l:uout teal or Imagined distances with students by posing Investigations for them to conslder such as, How
accurately. . . soudonte hoid?nn hﬂ YdStIeps? Qtijer ldeas that address length include a line of toothpicks, dollar bills, o energy bars end to end;

Tt is important for students to realize that the system does have a logical structure, is not o egte :n s In alrfne, blacks of bricks stacked.up; or students lying down head to toe. Standard measures—feet,

totally arbitrary, and can be understood. : \_ ' —can also be used with students noting that larger numbers emerge when the smallest unlis are used.

Conceptualizing Large Numbers

The ideas just discussed are only partially helpful in thinking about the actnal .quantities
involved in very large numbers. For example, in extending the paper square-strip-square-
strip sequence, some appreciation for the quantities of 1000 or of 100,Qq0 is acqulret_i. But
it is hard for anyone to translate quantities of small squares into quantities of other items,

distances, or time.

CCSS-M: 3.MD.A.1 : ™
A Long Time

How long Is 1000 seconds? How long Is a million seconds? A billion? How long would It take to count to 10,000 or 1,000,0007?

(To make the counts all the same, use your calculator to do th
v & counting. Just press the [=].) How | ‘
\ Some task like buttoning a button 1000 times? ’ E] ) eng would tteke to do

Mylab Education Video Example 10.4

Explore this video of Donny reasoning about 182,000 as 19,200 tens
or 1920 hundreds.

et  CCSS-M: 2.MD.A.3; 3.MD.A.1; 3.MD.C.5
Really Large Quantities

Ask how many:

VIDEQ EXAMPLE

Energy bars would cover the floor of your classroom
Steps an ant would take to walk around the school buliding

These ideas are important to discuss as a class as students need to explore these relationships. .
® Grains of rice would fiil a cup or a gallon jug

Pause & Reflect ¢ Quarters couid be stacked In one stack from floof to celling
; How do you think about 1000 or 100,0007? Do you have any real concept of a million? & ® Pennies can be laid side by side down the entlre hallway
.

Pieces of notebook paper would cover the gym floor
Seconds you have lived

In the following activities, numbers like 1000, 10,000 (see 10,000 Grid Paper),' or everl
1,000,000 are translated literally or imaginatively into something that is more meaningful or
fun to think about. Interesting quantities become lasting reference points or benchmarks for
large numbers and thereby add meaning to numbers encountered in real life.

Big-number projects need not take up large amounts of class time. They can be explored

over ge 1 i
ated veral weeks as tak'e-hon%e projects, done as group projects, ot, perhaps best of all, trans-
to great schoolwide estimation events.

MyLab Education Blackline Master: 10,000 Grid Paper /J
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MyLab Education Self-Check

10.7

MyLab Education Blackline Master: Base-Ten Materlals

Now that you've explored many of th

of the possible common challenges and

on what you might notice and how to

e main ideas in this chapter, look at Table 10,1 for some
misconceptions your students may face. Suggestions

help are included.

TABLE 10.1 CO

‘Comimon Challenge = -
-or Misconception -

1. Students lose track of the
fact that each digit In a mul-
tidigit humeral carries a value
dependent on [ts position In
the number.

What it Looks-Like -

When students are asked to compare | @
the numbers (2) bolded in the two
amounis that follow they will say they
are the same.

2357 and 48,892, ]

MMON CHALLENGES AND MISCONCEPTIONS IN PLACE VALUE AND H

CW TO HELP

Use Base-Ten Materlals and have student show with matetials
the value of these two numbetrs, The reading of numbers In
addltion of subtraction problems as diglts {saylng

B instead of 5 tens o fifty) confuses students.

Use the piace value cards discussed previously to reinforce
how numbers are bullt.

Students hear numbers like 2367 read as twa, three, five,
seven—when they should always be read two thousand, three

hundred, fifty-seven.

@ Use the diglit correspondence task desctibed In this chapter to

identify which of the flve levels of understanding maiches your
student's performance.

e Relnforce that the vatue of an Individual digit in a multidigit

number Is the product of that diglt multiplied by the value
assigned to its position In the number )

2, Student reverae the
digits when writing two-diglt
numbers.

Wrltes “53" when should write “35."

@ Have students use virtual base-ten materlais that display the

cotresponding number to check their answer.

@ Have the child model both 53 and 35 with base-tan materials

and deseribe how the numbers are similar and different.

3. Student represents

a number with base-ten
materlals using the face
value of the digits.

Whan asked to represent 13 with
base-ten materials, the student uses
one piece for the “1" and three piec-
es for the “3" as shown

1 3
0 Oo0

@ Have the student use baseten materials to count out

13 single units. Then ask them to compare that amount to
what thay previously showed.

e Have the student build the number with the place value cards

and then use base-ten materials to represent the correspond-
ing arnounts. Again, comparé to the amount originally shown.

4. Students put the word
“and” In a number when they
veadl It aloud.

When reading 1016 students will say
“gne thousand and sixteen.”

® Students must practice reading numbers without uslng the
word “and.” The only time the word “and” is used is to repre-

sent a decimal point.

5. Students use a form of
igxpanded number writing”
{Byrge, Smith, & Mix, 2013).

Students write “three hundred eighty-
five" as something like 300805,
3100856 or 3085.

e Provide examples of the actual materials on a place value
mat and use the place value cards to show how the matching

numbet is built.

8. When shown a collection of | Given 5 hundreds and 8 units in base-
base-ten materials whete there | ten materials, students will write that
Is an Internal zero the students | number as 85.

lgnote the zero or misunder-
stand the zero.

Tne student believes that 802 and
8002 represent the same amount.

@ Focus on the meaning of a zero in any number by starting with
a number like 408 and asking how that wouid be shown with
materials. Explicitly discuss the role of an internal O in the number.
e Never rafer o O as a “placeholder” This terminology glves the
Impression that it is not & numerical value and it is there just

as a way to fiil a space.
e Never read of refer to O as oh or zip. Say “zero” asitisa numbet.

7. If students are glven the
place values of numbets out of | number that represents:

order they wilte the number as | 7 ones, 4 tens, 1 thousand, and 3
glven left to right regardless of | hundreds,

the place value.

when students are asked to write the

They write 7413.

e Go back to the haseden materials and use the place value mat
io iake out the same amount of baseten materials as In the
number. Then have the student write the number of base-ten
materials. The student should then compare the two answers
{0 consider which one is accurate

8. Students misinterpret the
value of the base-ten materials, | 1000 piace value block Is actually

Students think the value of the large

600 by just caleulating the number of
squares on each face of the cube.

e Particularly with the 1000 place value block, if students don’t
se6 the building of the biock (grouping intt a Jnit), they may
confuse the value. So, explicitly show the building of the cube
by taking ten hundreds blocks and forming a cube with them

(holding them together with elastic bands.)

)

LITERATURE CONNECTIONS

Eooh that emphasize groups of things, even simple counting
OPkSi are a good beginning to the notion of ten things in
ia single group. Mi:inﬂ books have wonderful explorations of
arge quantities

large ncllposed‘ and how the numbers can be composed and

100th Day Worries
Guyler (2005)

The 100th Day of School from the Black Lagoon

Thaler, 2014

Both of these bool_cs focus on the 100th day of school, which is
one way to recognize 1.:he benchmark number of 100. Through
a variety of ways to think about 100 (such as collections of 100
items), students will be able to use these stories to think about

the relative size of 100 or ways to . i
combinations. ys to make 100 using a variety of

How Much Is a Million?
Schwartz (2004)

If You Made a Million
Schwartz (1994)

On Beyond a Million: An Amazing Math Journey -
Schwartz (2001)

The M illi i
oe agic of a Million Activity Book—Grades
gc{rlwartz & Whitin (1999)
chwartz authored 2 collection of entertainin

g and concep-
tual!ylsound bookﬁ about the powers of ten or what mizs
a m1lho,n-—from visual images of students standing on one
anolthers shoulders in a formation that reaches the moon to
various monetary collections. The activity book by Schwartz

and Whitin provides activiti
tivities to hel i
nummbers, p students interpret large
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If | Had a Million Bucks

Johnson (2012)

"This story is about Ada, a girl i

_ , a girl who likes to plan. Ada is think-

%% about vahaF she could do if she had one million doﬂl;lrs
is planning is a fun way to have students think about what

could be purchased with large amounts of money.
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Articles

Burris, J. T. (2013). Virtual place v o
j ' alue. ¢ -
Mathematics, 20(4), 228—23%. ve. Teaching Children

This mt“eafes‘"ti?zg'ytudy explores teaching place value using sev-
eval activities with technology. Students worked with both con-
cretepb;.r;;ten muaterials and virtual versions to belp reinforce
conce, structtives, particularly for showi X

in -
FESERtations. & § cquivalentrp

Karil,ei:l ;{., ‘18( Andiersm;; C. B. {2003). Opportunities to
elop place value through student dial ;
Children Mushematics, 1002), 7882, o Thacking

Two tea,cl:rer.r describe a frst-/second-grade classvooms, wheve
Jm-dmt.r. understanding of two-digit numbers s sbo’zz;n to be
quite mmken, but can be developed conceptually with the aid
of discussion. At first, the student in the article is convinced that
11+ 11 4 11 i5 60. This article emphasizes the wide range
of student ideas and the value of classvoom discourse. ¢

Book

Richardson, K. (2003). Assessin
: . . g math concepis: Grouping tems,
Bellingham, WA: Mathematical Perspectives. Pk fers

T:/m book is one of a nine-part series on using diagnostic inter-
views and other assessment tools (including blackline masters)
to understand students’ grasp of @ concept—in this case, group-
ing by tens. Tips are shaved about conducting absewatio;z.r with
Suggestions for instviction, T

e






