8/15/14

Curriculum Exploration (5b)
Area Formulas

(Grades 3 - 6)

Tad Watanabe
Kennesaw State University

CCSS and Math International

3 Understand concepts of area
and relate area (of rectangles)
to multiplication and to
addition.

4 Apply the area and perimeter Unit 11: How to measure and
formulas for rectangles in real express area (of rectangles)
world and mathematical
problems.

5 Unit 11: Area of quadrilaterals and
triangles

6 Find the area of right triangles, Unit 1: Area of circles
other triangles, special
quadrilaterals, and polygons by
composing into rectangles or
decomposing into triangles
and other shapes;




General Sequence of
Measurement Instruction

Direct comparison

Indirect comparison

Measuring with non-standard units
Measuring with standard units

4 Steps of Measurement
Understand the attribute
Select an appropriate unit
Cover or iterate with the unit
Report the measurement
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Additive & Non-Additive Attributes

Length Temperature
Liquid Volume Speed
(Capacity) Density
Elapsed Time etc.
Weight
Angle
Area
Volume

Measurement Tools

Learning measurement is not the
same thing as learning how to use
measurement tools such as rulers and

protractors.

Student-constructed measurement
tools - perhaps with non-standard
units - may be helpful for students to
know why/how the standard tools
work.
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Measurement Tools for Area

Planimeter (Platometer)

Measuring Tools for Area

Ways to calculate the area using the
dimensions of the given figure.

Should be the focus of instruction AFTER
students understand area as a measurable
attribute.

Student should also understand the merit
and necessity of quantifying the size of
space (area) - that is, expressing area using
nhumbers.
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Foundational Activity
—GIEOBLD—— ' —

® If you win, color in a [ B

@Y &V weo

Color in Color in Color in
| square. 2 squares. 3 squares.

® Whoever colors more spaces wins.

,Q\, | wonder who won.

IES Kindergarten

The lengths of
the ropes are the | ©

s K
Grade 4 = .
Unit 11 » .
:

®Play Rock-Paper Scissors. The person who wins will shade
Let's play a game mfm@eﬁ'ﬂnmmwmmm_mm
using the time you win, you can pick any rectangle. After that, you

can only capture a rectangle that s adjacent to your territory.

picture below. ® The person whose territory is the largest wins the game.
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Which has more space?

=
;’ : 5
The shapes of
= the rooms are
- different, but .. |
o 2 4
©w
3 L.
o
3
o
wn
°
.
3 | Thelengthsof |
oy the ropes are the ©
| same, but ...
] I

Capture More Territory

® Play Rock-Paper-Scissors. The person who wins will shade
let’splayag & inaymaa.nglep:lditbemmshisorhermﬁmry.m&ﬁ
usingthe time you win, you can pick any rectangle. After that, you
can only capture a rectangle that is adjacent to territory.
picture below. ® The person whose territory is the largest wins g:u;ame.
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© How to Measure and Express Area

Let’s Investigate the Size of Space

Let’s compare! 11

®

" The picture on the |

3 right shows the result
after & people played
the game.

© ©

Which territory has
the most space?

| 8 How to Express an Amount of Space

LT.] Compare the amount of space in the four territories, ®~0.

Use the cards on page

w Explain the ideas of each of the 3 students. ,ﬁ» 129 to compare.

4 . ™I compared territories ® and ©. I put
1 compared territories ® and ©. then oo top of each other, and the'awo
arts that were sticking out were ...

® [ve| O Ol | |@
)
Yumi
1 put territories ®), @, and @ on top of the rectangle €. [
"Il o e
.
I (] matches

[sticks out [ sticksont  Porfectly

7 lt;‘s tedious to overlap twg
o : shapes at a time, isn't it?

Let's investigate how to express the | wacickar 1t thiepetara way

amount of space using numbers. to compare the shapes
withaut overlapping them CID)
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Used on pege 25 Used on peges 18 and 19
129 T
P. |
w w ||
< @
[ [ ]
i ®
®
3 D |
8 © (]
F
3 D
®
@
g ||
F
3 D © )

Direct Comparison

@ Compare the amount of space in the four territories, ®—O. J

s!%mh

1 compared territories & and @.

w Explain the ideas of each of the 3 students.

BB 5o

|
® [»¢| O

Use the cards on page
129 to compare.

o I compared territories ® and ©. I put
them on top of each other, and the two

parts that were sticking out were ..

0| |@

MYunu

* Y put territories @), @), and

@

@ on top of the rectangle ©. =
)

®

®

o/

| L
[Jsticks out

2 Let’s investigate how to express the II

amount of space using numbers.,

|
[ sticks out

matches
perfectly

It's tedious to overlap two
shapes at a time, isn’t t?
| wonder if there is a way
to compare the shapes m

without overlapping them.

8/15/14
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Non-Standard Units

| expressed the amount of space for ® and © using the boxes that are the same size. ‘

(big)
®--| piece ®-+5 pieces (sl (A»--2 pieces
©-| piece ©-+4 pieces ©»-3 pieces

\ The total number of boxes, 8, is the same, but ...

| wonder if there is
a unit even for an - M

\qmount of space. ) Hiroki

Non-Standard Units

Using these
numbers, compare
Aand C.

| expressed the amount of space for ® and © using the bo hat are the same size. |

i (sml)

{ ®--| piece {@'"5 pieces

(A»--2 pieces
©-| piece

©»-3 pieces

©-+4 pieces

The total number of boxes, 8, is the same, but ...

\ }

| wonder if there is
a unit even for an Mﬂ

\qmount of space. ) Hiroki

8/15/14
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Introduction of Standard Unit

o) f
&1 o o-spum R 0 5 s
©-1 plae pSrsoaiy I | R0 tuing

‘ The total number of boxes, 8, is the same. but ...

‘ 1 exprezsad the amount of 3pace for &) and © using the bares that are the same size.

I wonder if there is
aunit even foran .M,

amount of space.

@ Which of the four territories @~® has

L more space, and how much more?

2 Let's think about how to express the amount of space.

i As shown below, we subdivided the territories into squares with
| cm sides. How many | cm squares are in each territory?

® ® L pieces
® ® [ pieces
© l ] pieces

© o () E pieces

¥ Which territory has the most space?

f¥ By how many | cm squares is territory ® larger than territory ®?

e

¢ The amount of space is called the are:
: We can express the area by the number
i of | cmsquares that can be placed
¢ inside.

The area of a square with |cm
sidesis | sq
and it is written as | cm’.

“Square centimeter” is a unit for area.

£y InCrTF, what is the area of each territory, B~ ®?

lem
b @ Thearea of shape ®is  [® "0.5dm
I cnt”. Explain why. Gmpm) Ve
© (]
@ In cnt what is the area of
each figure, ©, &, and ©?
> Draw different shapes with an area of 4cr. .
icm
;
@

1 cxprezsed the amunt of zpace for @ and © using the baxes that are the same sice.
o) f
&1 o o-spum R 0 5 s
©-1 plae pSrsoaiy I | R0 tuing

‘ The total number of boxes, 8, is the same. but ...

| wonder if there is
a unit even for an
amount of space.

@ Which of the four territories ®~® has

L more space, and how much more?

2 Let's think about how to express the amount of space.

i As shown below, we subdivided the territories into squares with
| cm sides. How many | cm squares are in each territory?

® ® L pieces
® ® [ pieces
© l ] pieces

© o () E pieces

¥ Which territory has the most space?

f¥ By how many | cm squares is territory ® larger than territory ®?

Introduction of Standard Unit

¢ The amount of space is called the are: e
: We can express the area by the number

i of | cmsquares that can be placed
¢ inside.

The area of a square with |cm
sidesis | sq
and it is written as | cm’.

“Square centimeter” is a unit for area.

£y InCrT¥, what is the area of each territory, B~ ®?

b @ Thearea of shape ®is  [® "0.5dm f
| cm’. Explain why. () jen
© (]
@ In cnt what is the area of

each figure, ©, &, and ©?

> Draw different shapes with an area of 4cr. ,
om

8/15/14
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From Counting to Calculating

P Area of Rectangles and Squares

X
£ Calculate the areas of square ® and rectangle ©.
@Think about how to find th of the rectangles and sqi 2 f UE ‘ T
© X = ‘ ‘ cntt
The area of rectangles and squares can be calculated as follows.
To calculate the area of rectangles and squares.
. @ measure the lengths of adjacent sides :
i @ multiply the two numbers that express the lengths of §
; It's tedious o count ¢ thesides
i the number of p
3cm © lot squares, isn't it? oo
{ Math sentences like the PSR
X ones on the right are called = Length (Length of Vertical Side) :
? formulas. Here we see the X Width (Length of Horizontal Side) ~
& Let's think about how to calculate the ar Fostmulas for the reas of = Width (Length of Horizontal Side)
* Length (Length of Vertical Side)
¥ How many Icnfsq squares and rectangles.
can be placed vertically in
rectangle @7 [ What are the areas of the following rectangle and square in cnf.
Q Ciiing & sk (D a postcard with a vertical side of | 4cm and a horizontal side of 9cm
R iR @ a piece of origami paper, with sides that are each are |5¢m long
I et squares that can be
laced inside recta: . 5
s sy :f:: ?® . > Measure the lengths of the sides of the rectangle and the square
. — below, and then calculate their areas.
Namber dong | Nurker
Tha rumbr of | Beveria || | the hor
lon? squares (540 sl ek memb
| x =
Length of Langth ot e | Area
the yertical || et
sida(cm) side () {cm?)
The numbar of |G squares that can ba placed along
1 Py o e B o rome e e

From Counting to Calculating

» How many unit squares?

4x3=12

NIEN IS
Bloo o
olo|w

AlWIN|F

of unit squares

Number of unit

squares in each row

8/15/14
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Deepening the | -
B> Find the area of the lewitha -

. vertical side that is 30mm longand ~ /

u n d e r S t a n d I n g Of a horizontal side that is 6cm Iong. 30"::"‘
the formula B T

with an area of 28cm® and a
horizontal side of 7cm, how
long should the vertical side Clem 28em*
be? 4

Ox7=28

We are counting
unit squares.
b Figures @, ®), and © on page 22 are rectangles and a square
that all have perimeters of 20cm. In the table below, summarize

R everse t h | n k | n g the areas and the length of vertical and horizontal sides of the

rectangles and square with the perimeters of 20cm.

Perimeter and el el e

area: equal S s

perimeter does - Eeee
not necessarily ! 4
mean equal area. S T T e

W L

Area of rectilinear figures

Rectilinear figure. A polygon all angles of
which are right angles. (CCSS p. 86)

3.MD.7.d

Recognize area as additive. Find areas of
rectilinear figures by decomposing them
into non-overlapping rectangles and
adding the areas of the non-overlapping
parts, applying this technique to solve real
world problems.

15
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Possible Solutions

5f¢u+~s 5w$ahup NERNE
; E Lot o 2? E p| || E D
E rafliei IR i .
[TITLI BTt éemt—1"Ic BT T[TI
4Lx3+27 4x6-2X3=24—6
=18
Answer | 8cnf .

Possible Solutions

oot e AL-3ch-Jf A L[ IF
; o A 2? E o| || E D
[T 11| [eFfemtfic] [BLITIITL[°
4Lx3+4+27 4x6-2X3=24—6
=18
Answer | 8cnf .
Al [T
n E b
Bl [T T T
X (6+3)+2=4xq+2
=36+2
= |8 Answer |8cm®

8/15/14
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Possible Solutions

R T AT
] et lo 23’ el Lol [ EL b
! i 2 H H
[T 111 c| [efTfemtTlc] [BLITTIT°
4x3+27 4x6-2X3=24—6
=18
Answer | 8cnt’
— Al LT[
__________ . X
/ H E D
3CT 3x6=18 L
________________ #Z  18cm? B | ] [ ] [ C
4x(6+3)+2=4%x9=2
=36+2
=18 Answer |8cm®
We can find the area of
unfamiliar shapes by making
use of familiar shapes.
NN AL-3ch-Jf AL
z '5..«30\-.‘? 28: E D : E D
T ARk H H
[T 11| [efTfemtTlc] [BITTTIT°
4x3+4+27 4x6-2X3=24—6
=18
Answer | 8cnt
— Al LT[
__________ . X
{ ] E D
3CT 3x6=18 L
________________ #Z  18cm? B | ] [ ] [ C
4x(6+3)+2=4%x9=2
=36+2
=18 Answer |8cm®

8/15/14
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Strategies to make use of familiar shapes

Sub-divide, find the sum Add on then subtract

AL-Bot | A---?th---.l-‘ TTT
] o A
o T o el Lol |] El b
& e 26 HE -
[ [T [® B[ éem e BT T[C
4x3+27 4x6-2%x3=24—-6
=18
Cut and Answer | 8cni
ut and re-arrange _
J Double then + 2
- Al LT[
__________ . &
i n 3 5
s 3x6=18 B
--------------- salhel B T[T
4% (643)+2=4XxGq+2
=36+2
= |8 Answer |8cm®
‘®Area of Quadrilaterals and Triangles
Gl’ade 5 Un|t 'I ] Let's Think about How to Find Area
Retineii b e G oo il
Tl ﬁ using a formula can't we?
§ Takeshi
m We can find the area of / e N

m © by splitting it into a 5c;n
rectangle and a square. i

slanted sides,
counting the number
Kenta | of lon squares is ...

Ll How to Find the Area of Parallelograms

: 1 J Think about how o find the areaof parallelogram
: ABCD below.

e;? @ is a paralielogram. | Brnpr s
5 Since there are Q"M ocen

19
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Deriving the formula for parallelogram

temd [ T [A b

A Explain the two students’ ideas below. Based on Kaori's idea on the 7 /
previous page, calculate the

area of ABCD on

Kaori moved triangle the right. e’ 5

F D ECD to change U

——] 7 parallelogram ABCD hd

7 into rectangle FBCE

to find the area.

o)
3

2 Let's come up with a formula to find the area of a parallelogram.

B
¥ The area of the parallclogram above is equal to the area of a rectangle with
9 did Kaori what dimensions?
LN Which parts of the parallelogram are equal to the length and the width of
this rectangle?
Draw the part that is the same
H (8] Hiroki moved length as the vertical side of the
==t /| quadrilateral GKCD rectangle in the figure above.
to change A F E D
ABCD In the parallelogram on the right, if % N o
into ... we make side BC as the £ IEE
o base, the length of the segments that € &
J are perpendicular to the base such as e
segment EC is called the height of g*
¥ Thearea of this parallelogram is equal to the area of  rectangle with what

the parallelogram.
dimensions? D
16 we considder side AB is the base, the
i What is the area of this parallelogram? wmw,kﬁhs‘h“fﬁgkmmg
ey sockies thow showa on hiright, |
. The area ofa parallelogram can be found % — g (o
© if by changing it into a rectangle. : et $r Calculate the area of th above by consi ide BC as
H 3 same, doesn't it?
TEDRRARREF PR TSR RREEE SRS RO o the base.
Lem
[ Using the two students”ideas A B} em s ; )
above, find the area of the | L - T

Area of parallelogram = Base x Helght

parallelogram on the right.

How about this parallelogram?

3_J Think about how to =y
find the area of lcm
parallelogram ABCD
on the right when side
BC is considered as
the base.

The height is ...

20
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Patterson School #2

) 4 )
// // //
// f /// ///
L N A L 2
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¥ Explain the two students’ ideas using the diagrams.

therefore the height can
. Based on the two students” ideas, calculate the area of parall
be found outside of the *&a R

6_?;. Shingi e ———~
* Anyside of a gmay = e ety e
parallelogram can serve s R
as the base. A ACAMEE
« The height is the = e
distance between the ﬂ““ - . o
parallel lines that T s R
contain the base and its R i i | g e
opposite side - s o '

parallelogram. s 7

As shown on the right, sometimes
the height of a parallelogram can

Cwday

be found outside of the figure. i
(B -0 (=04

“wysiap

o

Y 1§BC s the base, what is the height in cm?

the base and the appropriate height.

r—
Lines (% and () are parallel.

£¥ Calculate the area to see if the formula on page 3| still applies. Use BC as

Deepening the understanding

Find the area of parallelograms A, B, and C below.

ANV

cm
“4cm” Lines fand g are parallel.

(&)]

ﬁ Explain why the area of parallelograms A, B, and C are equal.

8/15/14
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Triangles

0 T W 15 WD,
i e of
ParoOrem i e

oy Etarn

Crr,

| worsar ¥ wa cae w63 g
flnd thee e af e arwm ot
et gmorotrc trenge
Tgares o hiwe
sttt

Mavi

2 T

Gnmmh._nw tha mrem of wimgle ABC

T
w27

LT T Se———

72 srveneg Thatwe sireaty tnow
Daw 1 fre the ares of.

§ wonviee 1 we GO chonge e shaoe

sandi

& riomne

[ —

LI T p————
ABC, ot

Tatam mase eciengie
FBOG 1wy 2 comien wneh
ot srercse 489 wre inenghe
AC

e made ractangis
LN oy oty trimsge
Aol ottt A

recuangh o 2 panikiogram

Fasod o Yuerd's Woa on
Hha previarus pogs, cakoubis
h ABC

cn e gt l L I
2 oo for oot —

B T rvm of the rrenghe stneve i o balfthe srve of o prrsiichognaes. What s the
b st (he betght o the paralbeigraen’!

tranghe!
Cria the o thet wb e et
10t bugt of it prrsegran

In tmargde AIC om the righe. (e
lenth of sesment AT which =
pecpenbicaiar o the basw BC. s
collod e halgh of 1he irmgie

1 side A is consibend the Nee,
then vhe hedight s the hogah of vhe
sogment on e right

B Cofontarethe aros of B g Ao usisng IC 26 B0 b

syp b
Arsacf wisngle = Bass * Height +2

P ——
Aol pesgran = 2. o1 )

caloulate the arve of the trianghe on

the e
len
Aliien

Koorl used the 12 thet. Tao
@ teingies ADC can be ol

B Bavend om flme tws stucdents sdew, il the s of iriasghe ABC

Asshown an the right, the
heght of a triangle can be
found outside of the trianglo.

By Whiat b the Besght of the trisngle If we consides IC an the base?

B Ol o s s

Heoki ot the area o
Erisngie AZD trom the
- 53

M |

WY da Fiesh ok azou e
Iriangles ABD and ACDT

A = o
= £ =
£ £

§ ol

s
Lins A and B aro parallel

Songth of BC an the hass and the hetght frxmd shave

7 e
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Trapezoids and Rhombuses

&8 How to Find the Area of Various Quadrilaterals

Think about how to find the area of trapezoid ABCD, ‘

lem

A D

[Y1em

B

C

¥ Explain the following 3 students’ ideas using diagrams and math sentences.

B taumi
B AT T
/1
1
Bl C
@x4+2)+@Bx4+2)
e
N/ D I F
AT 1]
1 ICI T IEl
(Q+3)x4+2
T 1 Si W make
N1 GBEJ
T ﬂ by moving trapezoid
ICLLIE] Mo |(AGHD -

@ Think about how to find the area of rhombus ABCD below.

| | :‘:I:m

¥ Explain the following three students’ ideas using diagrams and math sentences.

ﬁ Kaori @ Hiroki

By splitting it into 2 triangles ...
A

543>D

c
8x3+2x2

By changing it into a rectangle ..
A

T ey

FC
8% (6+2)

Formulas are useful, but

Big Ideas

... thinking about ways to calculate the area
of unfamiliar shapes, or deriving formulas,
is the focus of instruction.

BIG IDEA

We can find the area of an unfamiliar shape
by making use of familiar shapes.

8/15/14
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Thank you.

SRR
tics |
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