Name

Level 4

{Answer ID # (722866
Fill in the space by the correct answer.

T A diagram included seven 2 Brad's bedroom is exactly 12
hexagons, seven circles, twelve feet by 18 feet. If Brad wants to
decagons, four squares, and put a carpet on the floor, how
eleven lines. How many much carpeting is needed?
polygons are in the diagram?

(&> 657 square feet
&> 41 CB> 342 square feet
B> 23 <€> 30 square feet
<> 18 B> 100 square feet
<D 19 CE> 216 square feet
E> 7 CE> None of the above
E> 30
3 What is the area of the 4 What is the area of this figure?
. following figure?
12
kilometers
- 29 kilometers
CA> 348 square kilometers CA&2 7 square units
B> 386 square kilometers B> 45 square units
&> 2 square kilometers - CE> 18 square units
(B> 52 square kilometers (B> 12 square units
CE> 415 square kilometers CE> 4 square units
&> 932 square kilometers CE> 3 square units

» ' o
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Classify the following group of
lines

7

?

C&> Perpendicular

Name the polygon.

&2 Heptagon
(B> Quadrilateral

CB> Parallel <> Triangle
<> Intersecting B> Pentagon

CE> Hexagon
The diameter of a circle painted |
by Paul is 2 feet. What is the
length of its radius? .
CE> 1 feet N B
B> 4 feet
CC> 10 feet . .
B> 8 feet Classify the angle.

B2 24_.5.feef£ CE> Obtuse
- B> Acute
<€> Right

5
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Brad's house has a garden
which is in the shape of 2
square. If each side of the
garden is 17 feet then what is
the perimeter of the garden?

&> 79 feet
B> 78 feet
L8> 108 feet
B> 34 feet
CE> 68 feet
<E> 20 feet

10 ¢y

X B
Name this figure.

(&> Ray BX
{B> Ray XB
&> line XB
D> line segment XB

i1

When it is 8 o'clock, what type

of angle is the smallest angle

formed by the minute and hour

hand?

C&> Right angle
(B> Acute angle
> Obtuse angle

12

Jane measured an area of a
square 1o be 16 fi. Paul
measured one side of the
square to be 4 fi. What is the
perimeter of this square?

&> 16 ft
B> 15 ft
CC> 11 ft
B> 20 ft
<> 12 ft
E> None of the above

3
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. 13 Which letter has a line of 14 What is the name of a pelygon
symmetry? which has six sides?
B> T &> Decagon
B> X | B> Pentagon
TR &> Triangle
T F CB> QOctagon
<E> Quadrilateral
E G CE> Hexagon
15 How many of the following 18 4 polygon has twelve vertices.
pairs of line intersect? How many sides does the
polygon have?
= 1| @u
E> 10
&> 13
CAD three B 12 '
B> Ze1o - <E> None of the above
& two
D <> one

4
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' 17 Anangle of 153° is ? 18 The side d of
C&> Perpendicular | d ?{;qua&% .
CB> quadrilateral
&> right
<G> obtuse
CE> line segment - Find the perimeter.
acute

CA&> 480m
B> 80m
> 560m
B> 160m
CE> 1m

18  Find the perimeter of 2
triangle if all of the sides equal
10 mi.

CA> 100 mi

: <B> 30mi

. & 50m

B> 40 mi

CE> 60mi

CE> None of the above

http/faaw .edhelperblog.com/cgi-bin/tprep.cgi?FT=1 7& FORMMODE=TPREP10&GRD=4 5/202004
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© Mame

Mixed Review (Brde b )

Name a pair of
supplementary angles,

{Answer ID # 0949882)
. Draw and label an example of each,
11, poim Y 2. kF 3. 7p intersecting AN
Complete. ]
A, 5. 6.

Name a pair of vertical
angles.

Name a pair of
7§upp}ementary angles.

To the nearest tenth, find the circumference, Use 3.14 for X,

| 7. radius = 24.64 cm

8. diameter = 76.758 &

F

7

02714105 08:33
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edHelper.com
. - Complete the unif copversions,
9. 30,000 titers to kiloliters 10, 8 ?zms 10 quarts .
3 11. 19 grams io mﬂizgrams - 12,20 quaz’ts to pm{s
13, 534,000 secs ‘to hours 14. 26 tons to pounds

Ciassxfy each pair of lines as parallel, zntersectmga or perpendicular,

s, 16. 7. 18,
o Q ®
- | ¢
. : F
|
%
. To the nearest tenth, find the circumference. Use 3.14 for 7,
19. WV 2{}‘ Y
; . . : . .
. . VY = 2251t YH = 76.302 in
u z H
Complete, S |
21. 22, 23 ’ |
: v Y
A E F M
L R
c §
Name a pair of Name a pair of vertical Name a pair of vertical |
complementary angles. | angles. angles.

Zof4 02/14/05 08:53
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24, 125,
:: | 799 L = cL 1.00003 kL = clL.
431.008%62 cL. = mi 363,114,000 ml. = XL
o 912000ml. = L £98.033kL = ¢l
| Convert each quantity to the glven units. o 3
30, W 32.
i 168 pt = gal 20gal = 4d 176 02 = B
33, 4. 35,
O9mi=___ . _vyd ' 33mi = ft 10pt = floz
s, 37 38
3 Roz = ____ b 5t ft = yd 10,000 b = T |
Find the perimeter of each polygon.
SR z =33 0 TV=63 mm
, P e—tX PX=42in ; TF=55 mm
N E_ g XB=32in 9F FL=105 mm
Ez@ in H v TL=55mm
A J TA=911n C g—tl HY =140 mm
=39 in - HV=98 mm
ZP=27in CK =98 mm
AT=39 in Y K YK =98 mm

* Classify each triangle as ;sesceies, scalene, or equilateral by the Iengths of its sides.

4} 6 mm, 6 mm, 6 mm 42 2in, 2in,2in

43 20em, 23 em, 10mm

;
3

1
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47, - 48.

¥Find the measure of the angle.

. mZLLNB =
m ZUNB = 149°

45.

mLHYG =
mLGYC =41°

46,

mLVUE =
mLFUM =87°

Write polygon or not a pelygon. For a polygon, name the type of pelygon and also write regular

or not regular.

BN

49.

50.

Find the measure of the angle.

51 52, 53.
m Z.:LDQ = mZBRV = m£LCPG =
m £LXDP = 52° mZQRV = 28° m £LHPF = 54°
' Find the area of each parallelogram.
54. 55,
ED=17 mm n=70in
E D YP=79in
; - n=15mm o
& =28 mm YL=22in
O s
o
__________ -
02/14/05 08:53



Math4020 Geometry Notes
{Section 12.1}

Line segmeni--> Shortest path between two points (straight).

Angle--> Union of two rays with common endpoint called a vertex.

e

Right Angle--> A 90-degree angle; an angle that is equal in measure to an angle formed by
perfectly horizontal and vertical line segments.

Perpendicular-> Two line segments are perpendicular when they meet at a right angle.

Triangle--> A 3-sided (straight sides), closed, two-dimensional shape.

Isosceles Triangle--> A triangle with at least two sides that are of equal length.

Equilateral Triangle--> A triangle with all three sides of equal length.

Scalene Triangle—> A triangle with all three sides of different length.

Obtuse Triangle--> A triangle with one obtuse angle.

Right Triangle--> A triangle with one right angle.

Acute Triangle--> A triangle with all acute angles.

Quadrilateral--> A 4-sided (straight sides), closed, two-dimensional shape.
Square--> A quadrilateral with four congruent sides and four right angles.
Rectangle--> A quadrilateral with four right angles.

Parallelogram--> A quadrilateral with two pairs of parallel sides.

Kite--> A convex quadrilateral with two distinct pairs of adjacent congruent sides.
Rhombus--> A quadrilateral with four congruent sides.
Trapezoid--> A quadrilateral with exactly one pair of parallel sides.

Isosceles Trapezoid--> A trapezoid whose non-parallel sides are congruent.

re—



Maming shapes:

Use these words to describe the figures below. Use as many as it takes to describe the specific

figure. Give the most specific name for the figure. For example, do not call a square a reciangle

for this exercise.

Segment, line, ray, angle
Isosceles, equilateral, scalene, acute, obtuse, right, convex, concave

triangle, quadrilateral, rhombus, parallelogram, rectangle, square, kite, trapezoid
Pentagon, hexagon, septagon, octagon, nonagor, decagon.
Cube, cone, sphere, cylinder, rectangular prism

© ZC

2 3 4 s




“if Possible” Worksheet

For each type of triangle listed below, decide if it's possible or impossible.
If it's possible, then write “possible” and draw an example of the triangle.
if it's not possible, then write "not” and give a reason why it won't work.

(1) An isosceles right triangie.

(2) A scalene triangle with all equal angles.

(3) A triangle with two ohtuse angles.

(4) An acute isosceles triangle.

(5) An acute right triangle.

(6) A triangie with two right angles.

(7) An equilateral right triangle.

13
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Math4020 Geometry Notes
{Sections 12.2 & 12.3)

Point-» Is Quéimeﬁsimai.

Line—> Extends farever in two directions; has no thickness, the shortest path
between two points is along a line.

Ray-> Part of aline; extends forever in only one direction and has one endpoint

Line Segment> Partof aline, has two endpoints; the intersection of twe rays.

Angle-> A union of two rays with a common endpoint.

Siraight Angle—> An angle that forms a iine.

Right Angle—> A 90-degree angle.

Acute Angle—> An angié whose measure is between 0 and 90 degrées
(non-inclusive}.

Obtuse Angle=> An angle whose measure is between 90 and 180
degrees (non-inclusive}. '

Angle Relationships
Complementary angles> Two angles whose measures add to 90 degrees.

Supplementary angles> Two angies whose measures add fo 180 degrees.

Vertical angles—> Two non-adjacent angles formed by the intersection of two
lines, rays or segments.

S

14



Shapes (2-dimensional}

Congruent-» Two shapes are congruent i they are the same size and shape.
That is, the first shape can be picked up and piaced on top of the other shape
and it will fit exactly (with no twisting, breaking. streiching, bending, efc.).

Similar> Two shapes are similar if they are the same shape, but not necessarily
the same size.

Polygon-» A many sided closed shape made up of line segments for sides that
meet at vertices.

Convex-> A shape is convex if every line segment, formed by connecting any
two points inside the shape, is wholly contained in the shape.

Concave-> A shape is concave if it is not convex.

Regular> A polygon is regular if all of its sides and all of ifs interior angles are
congruent.

Interior angle~> In a convex polygon, it's the inside angle fofmed by two adjacent
sides.

Exterior angle~> In a convex polygon, it's the angle formed by the side of the
polygon and the extended line from the adjacent side (for every interior angle,
there are two exterior angles).

Ceniral angle~> For a regular polygon, it's the angle formed by connecting a
vertex to the center of the polygon and then to the consecutive vertex.

15



CLASSIFY

Label each guadrilareral with its most precise pame.

ING THE QUADRILATERALS

vour figures using centimeters and degrees.

Measure the sides and angles of

We will be discussing attributes of these shapes using this table:

123

sides

fcongruent §perp.

sides

congruent
dragonais

perp.
diagonals

diagonals
bisect angles

Frefiection
symmetry

rotation
symmetry

4 sides

2 sides paraliel

sides paraliet;
other 2 sides congruent

2 pair consecutive
congruent sides

2 pair parailel sides

{4 congruent sides

4 right angies;
2 pair parallel sides

4 right angies;
ait sides congruent

1 concave side;
diagonal outside shape




Checking up on Geomelry Yocabulary:

Write a lrue geometric statemen

given the drawing above.

1.
2.

7.
8.
9.

aray___ . aline . 2 segment___

concurrent line segments___ collinear points____ ..

coplanar segments

/1 is vertical to _____ , congruent 10

corresponds to

Points inside £ ABD are_ - Points outside

supplementary 10

/4 6 is alternate interior to _____ complementary to

¢ about perpendicular and parallel

SARBD are

Z 11 is adjacent to o ., corresponding to

supplementary - 10 e e
Name the point(s) between B and E.
Name all acute angles____

Name all right angles____

10. Name all obtuse angles .

1. If m £13 = 30° find the measure of all the angles in the picture.

£l L2 £3 - L4
Z7 48 29 Z10
Z13 214

12. Why is the m(£12) = ____° 7

13. Why is  £10 complementary 10 267

£5
Fan

£6
£172

16



7 File: AS-Probs® {August 16, 2002)
&= Angle Problems

Name: Group members:

1. What are the unmarked angles? (Write in the de- 5. The quadrilateral ABCD is a square and the dot-
gree measure, showing calculations.) ted line AC is a line of symmetry for the figure
below. Work out the value of the angles marked

with a question mark., 4

6. Consider the angle marked A in the figure below
where two lines are parallel.
&

T
oy
%]
]

2. Figure out the measure of the unknown angles in
the figures below. Show your work. :

(a) (b) Regular Pentagon ‘ B. Mark with a B an angle which is an alternate

interior angle to angle A.

C. Mark with a C an angle which is a correspond-
ing angle to angle A.

D. Mark with a D an angle which is a vertical
angle to angle A,

) , ) 7. Lines I and m below are parallel. How many de-
3. What- is the measure of the angie‘ marked with a grees are in the angles numbered 1, 2 and 37
question mark? Show your reasoning

! 147°
; 109°
60° T /

8. This figure (called & pentagram) is one of Andy’s

! favorites. Work out the values of all of the different
4. There are 4 unknown angles in the figure below. | angles in this figure.

Figure out these angles and write in the values that |
vou get. Note: The lower triangle is an isosceles | |
triangle. &

NV

B

29



544 Chapter 10 Introducing Geomemy

TABLE 10.2 | {continued)

Figure

Bescription/Symbol

Definition

LAED and L F50 are a pair
of vartical angies.

Vertical angles are a pair
of angles that are formed
by two intersecting iines
and that are not a inear
pair of angles.

' ¥4

Line ¢ is porpendicuiar o line
m. We write £ L m.

Twe lines are
perpendicutar if they
intersect to form four
nght angles.

Ling € 5 the parpendicular
biseetor of 0.

The perpendicular

bisector of a segment s a
iine that is perpendicular to
the segment, and which
divides it into two congruent
segments.

The first three figures in Table 10.2 are single figures each with a special prop-
erty. The remaining descriptions and definitions in the table are of relationships
between two angles or between two lines. These figures and relationships in geom-
etry are important and useful, and are applied in Example 10.3.

"
D



TAELE $0.2 | Defining Special Angies and Parpengicular Lings

Figure Description/Symbot Definition
- £ ABC s & right angle. Fignt angies are angies g
with 2 measure of B0° i
A &
%
= s
2 !
< E
Figure Description/Symbol Definition
A LABC 15 an seute anglae. Acule angies nave
measures between 0°
anc 90°.
B
C
L ABC is an obtuse angle. Obtuse angles have
measures between 80°
A and 180°.
B C
LABC and L DEF are Complementary angles
E compiementary 1o each are a parr of angles
other. whose measures have a
sum of 80°.
D
30" g
L ABC and £ DEF are Supplementary angles
D supplementary to each are a pair of angles
A other. whose measures have
a sum of 180°.
c
ar
83°
B E

4 £ ABC is adjacent to L CBD Adjacent angtes are two angles
a4 that have the same vertex and a
/ sommon side, but that have no

COmMmmon iTHenor points.

LABDand LDBCare a A linear pair of angies is a pair
D linear pair of angles. of adijacent angies with two non-
common sides on the same hing.

2
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Section 101 Basic Ideas of Geomenry %47

TABLE 10.3 | Classification of Polygons by Number of Sides

Poiygen Number of Sides

Name

10

12

O0doeOng)y

Triangle

Buadrilaterat

Pantagon

Hexagon

Heptagon

Octagon

Decagon

Dodecagon

Since a triangle is a special type of polygon that we will be studying in detail,

we single it out and give the following definition.

Definition of a Triangle

A triangle, AABC, is the union of three segments determined by three non-
collinear points A, B, and C. A, B, and C are the vertices of the triangie. A8, BC,

and AC are the sides of the triangle.

»:7;("2#




& Chaprer 10 lnuoducing Geomeny

Two import.  -egments associated with a triangle are defined in F igure 1013, A
median of a wangle is 2 segment from 2 vertex of a triangle 1o the midpoint of the
side of the tiangle opposite that vertex, as shown in Figure 10.13(2). An altirude of
a triangle is a segment from a vertex of a triangle perpendicular to a line containing
the side of the triangle opposite thar vertex, as shown in Figure - 13(b). We will
explore the propertes of medians and alurades further in a later sunsection.

A

N
Median BN Altirude AN Altirude DM
(&) {b)

FIGURE 10.12 | Amedian and altitudes for soma triangies.
It is useful to classify triangles according to the propertes of their sides and

interior angles, as in Table 10.4. Note that the definition of an isosceles triangle
includes the equilateral triangle as a special case of an isosceles triangle.

TABLE 104 | Ciassification of Triangles

Triangie Name Propetties
Equiiateral triangle All sites congruent
isosceles triangie At least one pair of

congruent sides

Scalene triangie No congruent sides
Right triangle Cne right angle
Acute triangle All acuts angies
Obtuss triangle One obtuse angle

AN =gVae=




A Bample Student Fage: Fropertics of Quadrilaterals

in the Principles and Standards for Schoo! Mathematics, it is stated that "PreK-2 geom-
eltry begins with describing and naming shapes” (p. 87) and that "In grades 3-5, they
shouid ... focus on identit-- 0 and describing & shape's properties and learning spe-
cializes vocabulary ..” {r. ~3). Study the page from an elementary schoo! mathemat-
ics textbook in Figure 10.14 and answer the questions,

Quadrilaterals

You Will Lears Mseeeaeeeeoose

ow 1o classity Ml
- q::ﬁ,i;,-,;,—:?f These Miao children, internationally

imown as Hmong, are from the
Guizhou provines in south central

Vocabulary China. Their rectangular-shaped
B How does this page help quadrilateral shouider shawls are worn at one of the
students distinguish a ?oz?ﬁ;n with many festivals they celebrate each year.
* restangle from a para i of Some of ti-:c shapes in Miac patterns
 lelogram? le! rilaterals ar; quadrilaterals, polygons with four
= syuare stdes.
i How does thi e
-3 oes Lhig pgfvgg. gl;cr:tiwomm There are about 8 milion
= impiement the Principles wapezoid W— gy ORE (mawng) woridwide.
- and Standards state-
+ ment about geometry?
W Are there opportunities
for student. Square fectangie
¢ to r*casof? Remember all sides the same length, apposite sides paraltel
about geometry on this :eﬁdkj;: da not four right angles and the same
page? Explain. "o angies
Parailelogram Rhowmbus Traperoid
two pairs of parallel sides two pairs of parallel sides, only one pair of
all sides the same jength paraliel sides
Talk About 1t
Is it true that a square is a rectangle and a rhombus? Explain,
FIGURE 10.14 | Excerpt from a grade 5 elementary school mathematics textbook.
-
1Source: Page 276 from Scotf Foresman-Addison Weslsy Math Grade § by Randall |. Charles, et al. Copyri@
& 1898 by Addison Wesley Longman, inc. Reprinted by permission of Pearson Education, inc.}
20
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Secdon 10.1

TABLE 10.5 | Classification of Cuadriaterals

Ouadrilateral Mame

Properties

Trapezoid

Kite

I~
<
/j S—
[/

Rhombus

Rectangie

Exactly one par of opposite
siges parallei

At least two parrs of adiacent sides
congruent. nNo Se useq wice in
the pars

Fairs of opposite siges
paraliel ang the same
length

Ali sides the same length
and opposite sides paraliel

QOpposite sides paraliel
ansd the same length; all
angies are right angles

All sides the same
fength: ali angles are
right angles

Basic Ideas of Geomenry

B21



e
in the arrangement above give vertical symmetry 10 #83,5,9,12,13,14,16,18
Give point (180° rotational) symmetry to # 10,11
Give horizontal symmetry to # 4,7.8,15,19,20,1,%.

2. Find the symmetry in these math symbols... group them by vertical, horizontal
and rotational symmetry. You might put that into 2 Venn Diagram.

@UszZ‘jvg@Eﬂ\[‘*.h

W T SR e R A

2

17
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Use the Image Reflector™ to help you draw lines of symmetry.
Try to find more than one for each figure.

Q&Mﬁﬁ&y ® 1996 Cuisenaire Company




Place the Image Reflector™ on the reflection line.
Draw the image you see.

© 1996 Cuisenaire Company @Eéag M‘y/ 1 1
e o )Y b




Section 9.1 / Exploring Translations, Reflections, and Rotations 269

Figures for EXPLORATION 9.4, PART 1: Developing
reflection sense

A

£ ,
d. b e. / £ ij




ACTYUBS

2. ouadrilatera

4, B regular
&, Quadrilat

11, The shape ¢f a stop

14. adjeciiv

5
& 7 £
g
10
11
12
i3
14 15
1 with only ons tine of symmelry
guadrilateral
eral with no 1ines of symmetry
sign
12, Perpendicular 1ine segment connecting base Lo vertax spposite it
e for sriangle that could be repiaced with gguiangular
wo sides parallel
s add to 184 degrees and has no sides egqual in length

W
guadrilateral with only ©
» polygon whose intevior angls

5. An import
F. Mest geng
§. Three-sided polygon wit

g, adjective

Polygons

ant building in
ral guadrilater

10, Not convex

13, Resemble
15. A guadri

s @ ¢child's toy
lateral that ha

h one

washi

ngton B.C.

al with all right angles

a-degree angle-
describing polygon- that contains every

= ail sides congruent

line segment copnecting any twe po

ints in polygon

20
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Leap Frog. Hober Canee, Geomey sudens

e

~  TESSEWLATING wiTH HEXAGONS

Seap 1: Swnrt wich one square from » tesseilation of
Squnres qgﬁﬂq%&w work
with this method). Connect one side AB of the
square with & curve, call it AN (curve AB),

Step 3: Place tracing paper or clear plastic over AN und
oopy it with & felt tip pen omo the tecing paper
of ciser plastic. Place the copy beneath the
erigingd snd slide it 30 that the endpoints of 4B
lims up with dw endpoios of €D, Rewrace the
cusve on e orlginal 30 thas it sow conpects
with the endpoint of CBD.

Sip 3. Repeat this process with & curve connecting
poinie A and 2. That iy, conpect oos side AD
of the square with & curve, call it Ab.

. .... %
ist M. C. Escher{1983~19721 is well known fer his .,w._.w. et ,..,m..mm&.as
Tha o :nm.‘ .ar:wu#_q.. gitering 3 basic polygon, n.una a5 g .:wqaa.uw,,. c_...w,.... ﬂ..:”
_a:c:...,.m. gbls 1o preduce intricnid, artistit tessedetions. The figuro uied he
. IS ad 4 :
”_m nased on ona of -Escher’s drcwings.

i igngia ARC, Mok of! :& sorae curva on bath
: with agusicieral triangla A3C. M
m._mw y muu_“ AC Sf_mwos? Mark off enother curve on 540 BC ﬁ;_,_o“ _“m sid
i Jw. o”aca t*3 midpoint P. 1f you chuose tha curves mna maw.
wmwwm _._%: interas: g figure suitable for tessellating will ba formed.
5 s A

B

Seep 4.

Copy AD onto wacing paper or clear plasac and SA
transfer 1t acToss 10 the opposite side §C.

Sigp 5. When completed. wace the entre figure onto
the racing paper or clear plastc and move 1t 1o
the next square. Trace the enqre figure onto the
next square. Fill te gnd of squares with your
figure. You have created a non-polygonal
wanslanon wssellznon.
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how it o2 e yzes 19 continue the tasselichan over the enlirg sheet,
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Math4020 Tangrain Assignmant

{1} How many different quadrilaterals can you make from tangram pieces where

different means non-similar. Draw each guadrilateral showing the pieces you vsed

and labeling the quadrilateral using a specific name.

(2) Make a triangle using one tangram piece, then two pieces, three pieces, ¢ic. up to
seven pieces. Sketch each of the possible triangles. If it is not possible to make &
triangle with a certain pumnber of pieces, just staie that.

(3} Assuming that the smallest triangular piece in the tangram puzzie has an area of
one square unit, how many square units of area is the tangram puzzie? Make a
drawing of the tangram puzzie and show how you calculated your answer.
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Appendix: Table of Standards and Expectations
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3.5

Measurement Standard

instructional programs from prekindergarien through grade 12

should enable all students to—
Understand measurabie attributes of objects and the units,

systems, and processes of measurement

Pre-K-2 Expectations:
In prekindergarten through grade 2 sgl!i studenis should—

« recognize the attributes of length, volume, weight, area, and time;
« compare and order objects according to these attributes;
o understand how to measure using nonstandard and standard units;

. select an appropriate unit and tool for the attribute being measured.

Grades 3-5 Expectations:
In grades 3-5 all students should-

» understand such attributes as length, area, weight, volume, and size
of angle and select the appropriate type of unit for measuring each
attribute; ‘

« understand the need for measuring with standard units and become
familiar with standard units in the customary and metric systems;

« carry out simple unit conversions, such as from centimeters to meters,
within a system of measurement;

+ understand that measurements are approximations and how
differences in units affect precision;

. explore what happens to measurements of a two-dimensional shape
such as its perimeter and area when the shape is changed in some
way.

Grades 6—8 Expectations:
in grades 68 all students should—

s understand both metric and customary systems of measurement;

« understand relationships among units and convert from one unit to
another within the same system;

« understand, select, and use units of appropriate size and type to
measure angles, perimeter, area, surface area, and volume.

Grades 9—12 Expectations:
In grades 9-12 all students should-

. make decisions about units and scales that are appropriate for

You are signed in as Keily MacArthur,
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problem situations involving measurement.

{on Apply gppropﬂate technigues, tools, and formulas to
determine measurements.

Pre-K~2 Expectations:
In prekindergarten through grade 2 ali students shouid-

@

measure with muitiple copies of units of the same size, such as paper
clips laid end to end;

use repetition of a single unit to measure something larger than the
unit, for instance, measuring the length of a room with a single
meterstick;

use tools o measure;

develop common referents for measures to make comparisons and
estimates.

Grades 3-5 Expectations:
In grades 3-5 all students should-

deveiop strategies for estimating the perimeters, areas, and volumes of
irregular shapes;

select and apply appropriate standard units and tools to measure
length, area, volume, weight, time, temperature, and the size of angies;

select and use benchmarks to estimate measurements;
deveiop, understand, and use formulas to find the area of rectangles
and related triangles and parallelograms;

develop strategies to determine the surface areas and voiumes of
rectangular solids,

Grades 6-8 Expectations:
In grades 6--8 all students should-

use common benchmarks to select appropriate methods for estimating
measurements;

select and apply technigues and tools o accurately find length, area,
volume, and angle measures to appropriate levels of precision;

develop and use formulas to determine the circumference of circles and
the area of triangles, parallelograms, trapezoids, and circles and
deveiop strategies to find the area of more-complex shapes;

develop strategies to determine the surface area and volume of
selected prisms, pyramids, and cylinders;

solve problems involving scale factors, using ratio and proportion;

solve simple problems involving rates and derived measurements for
such attributes as velocity and density.

06/24/04 08:24
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Grades 9-12 Expectations:
in grades 912 ali students should-

2

analyze precision, accuracy, and approximate error in measurement
sifuations;

understand and use formuias for the area, surface ares, and volume of
geometric figures, including cones, spheres, and cylinders;

apply informal concepts of successive approximation, upper and lower
bounds, and limit in measurement situations;

use unit analysis to check measurement compuiations.
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Measurement

;' instrucfiorié% programs from p“réi{inderga'r;téﬁ'"through' 'grade" 12
- should enabile all students to—

» understand measurable attributes of objects and the units,
systems, and processelsmof measurement;
 apply appropriate techniques, tools, and formulas to

determine measurements.

Measurement is the assignment of a numerical value to an attribute of an
object, such as the length of a pencil. At more-sophisticated levels,
measurement involves assigning a number to a characteristic of a
situation, as is done by the consumer price index. Understanding what a
measurable attribute is and becoming familiar with the units and processes
that are used in measuring attributes is a major emphasis in this Standard.
Through their school experience, primarily in prekindergarten through
grade 8, students should become proficient in using measurement tools,
techniques, and formulas in a range of situations.

The study of measurement is important in the mathematics curriculum
from prekindergarten through high school because of the practicality and
pervasiveness of measurement in so many aspects of everyday life. The
study of measurement also offers an opportunity for learning and applying
other mathematics, including number operations, geometric ideas,
statistical concepts, and notions of function. It highlights connections
within mathematics and between mathematics and areas outside of
mathematics, such as social studies, science, art, and physical education.

Measurement lends itself especially well to the use of concrete materials.
In fact, it is unlikely that children can gain a deep understanding of
measurement without handling materials, making comparisons physically,
and measuring with tools. Measurement concepts should grow in
sophistication and breadth across the grades, and instructional programs
should not repeat the same measurement curriculum year after year.
However, it should be emphasized more in the elementary and middle
grades than in high school.

Understand measurable attributes of objects and the units,
systems, and processes of measurement

06/24/04 08:23
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A measurable atiribuie is a characteristic of an object that can be
quantified. Line segments have length, plane regions have area,
and physical objects have mass. As students progress through the
curricutum from preschool through high school, the set of attributes
they can measure should expand. Recognizing that objects have
atiributes that are measurable is the first step in the study of
measurement. Children in prekindergarten through grade 2 begin
by comparing and ordering objects using language such as longer
and shorter. Length should be the focus in this grade band, but
weight, time, area, and voiume should also be explored. In grades
3-5, students shouid learn about area more thoroughly, as well as
perimeter, volume, temperature, and angle measure. In these
grades, they learn that measurements can be computed using
formulas and need not always be taken directly with a measuring
tool. Middle-grades students build on these earlier measurement
experiences by continuing their study of perimeter, area, and
volume and by beginning to explore derived measurements, such
as speed. They should also become proficient in measuring angles
and understanding angle relationships. In high school, students
should understand how decisions about unit and scale can affect
measurements. Whatever their grade level, students should have
many informal experiences in understanding » attributes before
using tools to measure them or relying on formulas to compute
measurements.

As they progress through school, not only should students’
repertoire of measurable attributes expand, but their understanding
of the relationships between attributes should also develop.
Students in the elementary grades can explore how changing an
object’s attributes affects certain measurements. For exampie,
cutting apart and rearranging the pieces of a shape may change
the perimeter but will not affect the area. In the middie grades this
idea can be extended to explorations of how the surface area of a
rectangular prism can vary as the volume is held constant. Such
observations can offer glimpses of sophisticated mathematical
concepts such as invariance under certain transformations.

The types of units that students use for measuring and the ways

they use them should expand and shift as students move through

the prekindergarten through grade 2 curricuium. in preschool

through grade 2, students should begin their study of measurement

by using nonstandard units. They should be encouraged to use a

wide variety of objects, such as paper clips to measure length,

square tiles to measure area, and paper cups to measure volume.
Young children should also have opportunities to use standard

units like centimeters, pounds, and hours. The "standardization” of

units should arise later in the lower grades, as students notice that
using Joey’'s foot to measure the length of the classroom gives a
different fength from that found by using Aria’s foot. Such .
experiences help students see the convenience and consistency of L
using standard units. As students progress through middie school

and high school, they should learn how fo use standard units to
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measure new abstract attributes, such as volume and density. By
secondary school, as students are measuring abstract aftributes,
they shouid use more-complex units, such as pounds per square
inch and person-days.

Understanding that different units are needed to measure different
atiributes is sometimes difficult for young children. Learning how to
choose an appropriate unit is a major part of understanding
measurement. For example, students in prekindergarten through
grade 2 should learn that length can be measured using linear tools
but area cannot be directly measured this way. Young children
should see that to measure area they will need to use a unit of area
such as a square region; middle-grades students should learn that
square regions do not work for measuring volume and should
explore the use of three-dimensional units. Students at all levels
should learn to make wise choices of units or scales, depending on
the problem situation. Choosing a convenient unit of measurement
is also important. For example, although the length of a soccer field
can be measured in centimeters, the result may be difficult to
interpret and use. Students should have a reasonable
understanding of the role of units in measurement by the end of
their elementary school years.

The metric system has a simple and consistent internal
organization. Each unit is always related to the previous unit by a
power of 10: a centimeter is ten times larger than a millimeter, a
decimeter is ten times larger than a centimeter, and so forth. Since
the customary English system of measurement is still prevalentin
the United States, students should learn both customary and metric
systems and should know some rough equivalences between the
metric and customary systems—for » example, that a two-liter
bottle of soda is a little more than half a gallon. The study of these
systems begins in elementary school, and students at this level
should be able to carry out simple conversions within both systems.
Students should develop proficiency in these conversions in the
middle grades and should learn some useful benchmarks for
converting between the two systems. The study of measurement
systems can help students understand aspects of the base-ten
system, such as place value. And in making conversions, students
apply their knowledge of proportions.

Understanding that all measurements are approximations is a

difficult but important concept for students. They should work with

this notion in grades 3-5 through activities in which they measure

certain objects, compare their measurements with those of the rest

of the class, and note that many of the values do not agree. Class
discussions of their observations can elicit the ideas of precision

and accuracy. Middle-grades students should continue 1o develop

an understanding of measurements as approximations. In high L%f:i/
school, students should come to recognize the need to report an
appropriate number of significant digits when computing with
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measuremenis.

Apply appropriate techniques, tools, and formulas to
determine measurements

Measurement technigues are strategies used 1o determing a
measurement, such as counting, estimating, and using formulas or
tools. Measurement tools are the familiar devices that most people
associate with taking measurements; they include ruiers,
measuring tapes, vessels, scales, clocks, and stopwatches.
Formulas are general relationships that produce measuremenis
when values are specified for the variables in the formula.

Students in prekindergarten through grade 2 shouid learn to use a
variety of techniques, including Counting and estimating, and such
tools as rulers, scales, and analog clocks. Elementary and
middle-grades students should continue to use these techniques
and develop new ones. In addition, they ought to begin to adapt
their current tools and invent new technigues to find
more-complicated measurements. For example, they might use
transparent grid paper to approximate the area of a leaf.
Middle-grades students can use formulas for the areas of triangles
and rectangles to find the area of a trapezoid. An important
measurement technigue in high school is successive
approximation, a precursor o calculus concepts.

D, 46

Students should begin to develop formulas for perimeter and area
in the elementary grades. Middle-grades students should formalize
these techniques, as well as develop formulas for the volume and
surface area of objects like prisms and cylinders. Many elementary
and middle-grades children have difficulty with understanding
perimeter and area (Kenney and Kouba 1997; Lindquist and Kouba
1989). Often, these children are using formulas such as P = 2| + 2w
or A = | x w without understanding how these formulas relate to the
attribute being measured or the unit of measurement being used.
Teachers must help students see the connections between the
formula and the actual object. In high school, as students use
formulas in solving problems, they should recognize that the units
in the measurements behave like variables under » algebraic
procedures, and they can use this observation to organize their
conversions and computations using unit analysis.

Estimating is another measurement technique that should be

developed throughout the school years. Estimation activities in
prekindergarten through grade 2 should focus on helping children

better understand the process of measuring and the role of the size ;, »
of the unit. Elementary school and middle-grades students should K5
have many opportunities to estimate measures by comparing them
against some benchmark. For example, a student might estimate
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the teacher’s height by noting that the teacher is about one and
one-half imes as tall as the student. Middle-grades students shouid
also use benchmarks to estimate angle measures and should
astimate derived measurements such as speed.

Finally, students in grades 3-5 should have opportunities to use
maps and make simple scale drawings. Grades 6-8 studenis
should extend their understanding of scaling to solve problems
involving scale factors. These problems can help students make
sense of proportional relationships and develop an understanding
of similarity. High school students should study more-sophisticated
aspects of scaling, including the effects of scale changes ona
problem situation. They should aiso come to understand nonlinear
scale changes such as logarithmic scaling and how such
techniques are used in analyzing data and in modeling.
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