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NYS COMMON CORE MATHEMATICS CURRICULUM _ Module Overview L

Grade 8 ® Module 3
Similarity

WVERVIEW

In Module 3, students learn ahout dilation and similarity and apply that knowledge to a proof of the
Pythagorean Theorem based on the Angle-Angle criterion for similar triangles. The module begins with the
definition of dilation, properties of dilations, and compositions of dilations. The instruction regarding dilation
in Module 3 is structured similarly to the instruction regarding concepts of basic rigid motions in Module 2.
One overarching goal of this module is to replace the common idea of “same shape, different sizes” with a
definition of similarity that can be applied to geometric shapes that are not polygons, such as ellipses and
circles.

In this module, students describe the effect of dilations on two-dimensional figures in general and using
coordinates. Building on prior knowledge of scale drawings (7.G.A.1), Module 3 demonstrates the effect
dilation has on a figure when the scale factor is greater than zero but less than one (shrinking of figure), equal
to one (congruence), and greater than one {magnification of figure). Once students understand how dilation
transforms figures in the plane, they examine the effect that dilation has on points and figures in the
coordinate plane. Beginning with points, students learn the multiplicative effect that difation has on the
coordinates of the ordered pair. Then students apply the knowledge about points to describe the effect
dilation has on figures in the coordinate plane, in terms of their coordinates.

Additionally, Module 3 demonstrates that a two-dimensional figure is similar to another if the second can be
obtained from a dilation followed by congruence. Knowledge of basic rigid motions is reinforced throughout
the moduie, specifically when students describe the sequence that exhibits a similarity between two given
figures. In Module 2, students used vectors to describe the translation of the plane. Module 3 hegins in the
same way, but once figures are bound to the coordinate plane, students will describe translations in terms of
units left or right and/or units up or down. When figures on the coordinate plane are rotated, the center of
rotation is the origin of the graph. In most cases, students will describe the rotation as having center © and
degree @ , unless the rotation can be easily identified, i.e., a rotation of 90° or 180" _ Reflections remain
reflections across a line, but when possible, students should identify the line of reflection as the X -axisor¥ -
axis.

It should be noted that congruence, together with similarity, is the fundamental concept in planar geometry.
It is a concept defined without coordinates. In fact, it is most transparently understood when introduced
without the extra conceptual baggage of a coordinate system. This is partly because a coordinate system
picks out a preferred point (the origin), which then centers most discussions of rotations, reflections, and
translations at or in reference to that point. These discussions are further restricted to only the "nice"
rotations, reflections, or translations that are easy to do in a coordinate plane. Restricting to "nice"
transformations is a huge mistake mathematically because it is antithetical to the main point that must be
made about congruence: that rotations, translations, and reflections are abundant in the plane---that for
every point in the plane, there are an infinite number of rotations up to 360” | that for every line in the plane
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NYS COMMON CORE MATHEMATICS CURRICULUM Module Overview wmodute3:

there is a reflection, and for every directed line segment there is a translation. It is this abundance that helps
students realize that every congruence transformation {i.e., the act of "picking up a figure" and moving it to
another location} can be accomplished through a sequence of translations, rotations, and reflections and
further, that similarity is a congruence transformation in addition to dilation.

In Grades 6 and 7, students learned about unit rate, rates in general (6.RP.A.2), and how to represent and use
proportional relationships between quantities (7.RP.A.2, 7.RP.A.3). In Module 3, students apply this
knowledge of proportional relationships and rates to determine if two figures are similar, and if so, by what
scale factor one can be obtained from the other. By looking at the effect of a scale factor on the length of a
segment of a given figure, students will write proportions to find missing lengths of similar figures.

Module 3 provides another opportunity for students to learn about the Pythagorean Theorem and its
applications. With the concept of similarity firmly in place, students are shown a proof of the Pythagorean
Theorem that uses similar triangles.

Focus Standards

Understand congruence and similarity using physical models, transparencies, or geometry
software.

8.G.A.3  Describe the effect of dilations, translations, rotations, and reflections on two-dimensional
figures using coordinates.

8.G.A.4  Understand that a two-dimensional figure is similar to another if the second can be obtained
from the first by a sequence of rotations, reflections, transiations, and dilations; given two
simitar two-dimensional figures, describe a sequence that exhibits the similarity between
them,

8.G.A.5  Use informal arguments to establish facts about the angle sum and exterior angle of triangles,
about the angles created when parallel iines are cut by a transversal, and the angle-angle
criterion for similarity of triangles. For example, arrange three copies of the same triangle so
that the sum of the three angles appears to form a line, and give an argument in terms of
transversals why this is so.

Understand and apply the Pythagorean Theorem.

8.G.B.6  Explain a proof of the Pythagorean Theorem and its converse.

8.G.B.7  Apply the Pythagorean Theorem to determine unknown side lengths in right triangles in real-
world and mathematical problems in two and three dimensions.
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NYS COMMON CORE MATHEMATICS CURRICULUM

. Module Overview m

Foundationsl Standards

Understand ratio concepts and use ratio reasoning to solve problems.

6.RP.A.2

Understand the concept of a unit rate a/b associated with a ratio a:b with b#0, and use rate

language in the context of a ratio relationship. For example, “This recipe has a ratio of 3 cups
of flour to 4 cups of sugar, so there is % cup of flour for each cup of sugar.” “We paid 575 for

15 hamburgers, which is a rate of 55 per hamburger.”

Analyze proportional relationships and use them to solve real-world and mathematical

problems.

1.RP.A2
7.RP.A.3

Recognize and represent proportional relationships between quantities.

Use proportional relationships to solve muitistep ratio and percent problems. Examples:
simple interest, tax, markups and markdowns, gratuities and commissions, fees, percent
increase and decrease, percent error.

Draw, construct, and describe geometrical figures and describe the relationships between

them.

7.G.A.1

7.G.A.2

Solve problems involving scale drawings of geometric figures, including computing actual

tengths and areas from a scale drawing and reproducing a scale drawing at a different scale.

Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given
conditions. Focus on constructing triangles from three measures of angles or sides, noticing
when the conditions determine a unique triangle, more than one triangie, or no triangle.

Focus Standards for Mathematical Practice

MP.6

MP.4

MpP.3

Attend to precision. To communicate precisely, students will use clear definitions in
discussions with others and in their own reasoning with respect to similar figures. Students
will use the basic properties of dilations to prove or disprove claims ahout a pair of figures.
Students will incorporate their knowledge about basic rigid motions as it relates to similarity,
specifically in the description of the sequence that is required to prove two figures are similar.

Model with mathematics. This module provides an opportunity for students to apply their
knowledge of dilation and similarity in real-world applications. Students will use shadow
lengths and a known height to find the height of trees, the distance across a lake, and the
height of a flagpole.

Construct viable arguments and critiques the reasoning of others. Many times in this
module, students are exposed to the reasoned logic of proofs. Students are called on to make
conjectures about the effect of dilations on angles, rays, lines, and segments, and then must
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NYS COMMON CORE MATHEMATICS CURRICULUM Module Overview

evaluate the validity of their claims based on evidence. Students also make conjectures about
the effect of dilation on circles, ellipses, and other figures. Students are encouraged to
participate in discussions and evaluate the claims of others,

Terminology

New or Recently Introduced Terms

= Dilation (Dilation, D , is a transformation of the plane with center @ and scale factor” (¥ >0 yif
D{O) =0 andif P % O, then the point D{PY, to be denoted by @ , is the point on the ray 0P so
that {0Q) = T1GP]. A dilation in the coordinate plane is a transformation that shrinks or magnifies a
figure by multiplying each coordinate of the figure by the scale factor.)

rloP]

fa

» Congruence (A finite composition of basic rigid motions—reflections, rotations, translations—of the
plane. Two figures in a plane are congruent if there is a congruence that maps one figure onto the
other figure.)

= Similar {Two figures in the plane are similar if there exists a similarity transformation taking one
figure to the other.)

= Similarity Transformation (A similarity transformation, or similarity, is a composition of a finite
number of basic rigid motions or dilations. The scale factor of a similarity transformation is the
product of the scale factors of the dilations in the composition; if there are no dilations in the
composition, the scale factor is defined to be 1 .)

Similarity (A similarity is an example of a transformation.)

Familiar Terms and Symbols®

= Scale Drawing
»  Degree-Preserving

% These are terms and symbols students have seen previously.
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NYS COMMON CORE MATHEMATICS CURRICULUM Module Overview &1

Suggested Tools and Representations

= Compass {Required)

=  Transparency or patty paper

= Wet or dry erase markers for use with transparency
= QOptional: geometry software

= Ruler

*  Video that demonstrates Pythagorean Theorem proof using similar triangles:
http:/fwww.youtuhe.com/watch ?v=QCyvxYLFSfU

Assessment Summary

Mid-Module After TopicA | Constructed response with rubric 8.G.A3
Assessment Task
End-of-Moduie After Topic B Constructed response with rubric 8.G.A3,8G.A4,8GA5
Assessment Task
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NYS COMMON CORE MATHEMATICS CUR#ICULUM : . Mid-Module Assessment Task

2. Use the diagram below to answer the questions that follow.

Let D be the ditation with center @ and scale factor 7 = 0 5o that DP) = P’ and D@ = @".

a. Use lengths 10Q1 = 10 ynits and [0Q" = 15 ynits, to determine the scale factor T, of dilation D
Describe how to determine the coordinates of #' using the coordinates of £ .

b, If10Q1I =18 nits, [0Q’|=15 units, and [PQl=112 units, determine the length of IP@I.
Round your answer to the tenths place, if necessary.
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NYS COMMON CORE MATHEMATICS CURRICULUM Mid-Module Assessment Task | 8-3

Name Date

1. Use the figure below to complete parts {(a) and (b).

a. Use a compass and ruler to produce an image of the figure with center @ and scale factor™ = 2 .

1
2.

r
b. Use a ruler to produce an image of the figure with center @ and scale factor
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NYS COMMON CORE MATHEMATICS CURRICULUM -~ Mid-Module Assessment Task m

b. isthere a dilation D with center @ that would map figure P2RS 1o figure P'QR'S?T yes,
describe the dilation in terms of coordinates of corresponding points.

¥
4]
P Q
- 1
3 R
] X
] 1 7 & -5 4 -3 -2 1 L 1 2 4
P .
-1 Q
3
5 R
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NYS COMMON CORE MATHEMATICS CURRICULUM © Mid-Module Assessment Task

3. Use a ruler and compass, as needed, to answer parts (a) and (b).

a. Isthere a dilation D with center 0 that would map figure P@RS o figure PQ'R'S'? If yes,
describe the dilation in terms of coordinates of corresponding points.
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NYS COMMON CORE MATHEMATICS CURRICULUM

Mid-Module Assessment Task 8~3

STEP1 STEP 2 STEP 3 STEP 4
Assessment Missing or Missing or incorrect | A correct answer A correct answer
Task Item incorrect answer answer but with some supported by
and little evidence | evidence of some evidence of substantial evidence
of reasoning or reasoning or reasoning or of solid reasoning or
application of application of application of application of
mathematics to mathematics to mathematics to mathematics to
solve the problem. | solve the problem. | solve the problem, | solve the problem.
or an incorrect
answer with
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem.
1 a Student did not use Student may or may not Student used a Student used a compass
compass and ruler to have used a compass compass to dilate the to dilate the figure,
3.G.A3 dilate the figure, i.e., and/or rufer to dilate the | figure, evidenced by evidenced by arcs on the
e the dilated figure is figure, i.e., some of the arcs on the figure to figure to measure the
drawn free hand or not | work was done by free measure the appropriate lengths.
drawn, hand. appropriate fengths. The dilated figure is larger
Student used an The dilated figure is The dilated figure is than the original figure.
incorract or no scale larger than the original larger than the original | Student has solid or
factor. figure. figure. dotted rays drawn from
The dilated figure is Student may or may not | Student has solid or the center O through all
smaller than the have solid or dotted rays | dotted rays drawn from | of the vertices.
original figure. drawn from the center | the center @ through | The length from the
The corresponding 0 through most of the most of the vertices, center @ 1o all dilated
segments are not vertices. Student may have used | yartices is two times the
paralfel, Student may have used an incorrect scale factor length from the center to
an incorrect scale. factor fc_ar parts of the dilated | the corresponding
for parts of the dilated figure, i.e., the length vertices.
figure, i.e., the length from the center 0 to All of the corresponding
fromthe center © tcall | all dilated vertices is segments are parallel.
dilated vertices is not not two times the
two times the length length from the center
from the center to the 1o the corresponding
corresponding vertices. vertices.
Some of the Most of the
corresponding segments | correspanding
are parallel, segments are parallel.
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NYS COMMON CORE MATHEMATICS CURRICULUM Mid-Module Assessment Task

¢. Triangle ABC islocated at points A = {-4,3}, B=(3,3), and € = &, —1) and has been dilated
from the origin by a scale factor of 3 . Draw and label the vertices of triangle ABC. Determine the
coordinates of the dilated triangle A B’ and draw and label it on the coordinate plane.
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NYS COMMON CORE MATHEMATICS CURRICULUM

Mid-Module Assessment Task KTk}

3 a Student did not Student made an errorin | Student may have Student correctly
attempt the problem. caiculation leading to an | identified the scale identified the scale factor
Student wrote a incorrect scale factor. factor of dilation as as?=3 _ student
8.G.A3 number for scale factor | Student did not describe _1 clearly described the
without showing any the dilation in terms of r= 3 instead of dilation in terms of the
work or providing an coordinates of =3 _ student coordinates of at least
explanation for how the | corresponding points. attempted to describe one pair of corresponding
scale factor was the difation with some | points. There is strong
determined. Student evidence of evidence of mathematical
did not describe the mathematical reasgning and use of
dilation. vocabulary and/or related vocabulary.
reasoning. )
b Student did not Student answered yesor | Student answered no Student answered no
attempt the problem. no. correctly. correctly.
Student answered with | Student explanation Student used Student used
8.G.A3 yes or no only. and/or reasoning is not mathematical rmathematicai vocabulary
student did not give based on mathematics, vocabulary in the in the explanation,
any expianation or e.g., “doesn’t look like explanation. Basis for Explanation included the
reasoning. there is.” explanaticn relies fact that the
Student attempted to heavily on the diagram, | corresponding vertices
solve problern by e.g., "look atdrawing.” | andcenter & must be on
showing measurements. | Student attempted to the same line, e.g.,
Student may or may not sol\re‘problen“l by acanter & ) o _and B
have attempted t‘o sc?lve drawing a solid or would be on the same ray
prcrblem by drawingina | dotted ray from center if a dilation was possible.”
solid or dotted ray from 0 through one or Student drew solid or
center © through one more vertex, e.g., from | gotted rays from center
vertex, e.g., from cent:er center @ through 0 through multiple
O through® and?. | P 359 ' vertices. Diagram
enthanced explanation.
c Student did not Student correctly drew Student correctly drew | Student correctly drew
attempt the problem. | and labeled & ABC. and labeled & A5C. and labeled & A3C.
8.G.A.3 Student may have Student may or may not | Student may have Student correctly
drawn & ABC ysing have identified the minor calculation errors | identified the image of
incorrect coordinates, correct coordinates of when identifying the the points as
or student did not label | the dilated points. For coordinates of A'=(-129)8 =69
coordinates corractly. example, stude.nt'may 4 ) 5 ’ c. For and = 6,-3).
have iny multiplied one example, student Student correctly drew
coordinate of each iolied — 4 3 1B
ordered pair to multiplied and and labeled & .
determine location of and wrote 12
image point. Student Student drew and
may have placed the laheled A A B C
image of & ABC atthe | usingthe incorrect
wrong coordinates. coordinates that were
calculated.

CORE

COMMON

Module 3:
Date:

) 3013 Commen Coere, Inc, Some rights resenved. commoncore.ang

Similanty
12/26/13

EEE BY-NC-5A ; Cra:

ra tive Cormmons Attribution-tlong

This work is licensed under a

engage"’

fal-Sh

Aor



NY5 COMM._CIN CORE MATREMATICS CURRICULUM

Mid-Module Assessment Task
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b Student did not use a Student may or may not | Student used a rufer to | Student used a ruler to
rufer to dilate the have used a ruler to dilate the figure, dilate the figure.
8.G.A3 figure, i.e., the dilated dilate the figure, i.e., The dilated figure is The dilated figure is
e figure is drawn free parts of the work were smaller than the smaller than the original
hard or not drawn. done by free hand. original figure. figure.
Student used an The dilated figure is Student has solid or Student has solid or
incorract or no scaie smaller than the original | dotted rays drawn from | dotted rays drawn from
factor, figure. the center @ through | the center @ through all
The difated figure is Student may or may not | mast of the vertices, of the vertices.
larger than the original | have solid or dotted rays | stydent may have used | The length from the
figure. drawn from the center | an incorrect scale factor | center 0 to all dilated
The corresponding O through most of the | for parts of the dilated | vertices is one half of the
segments are not vertices. figure, e.g., the length length from the center to
parallel. Student may have used | fromthe center 0 to | the corresponding
an incorrect scale factor | a|i dilated vertices is vertices,
for parts of the dilated not one half of the All of the corresponding
figure, e.g., the length length from the center | segments are parallel.
from the center @ to all | to the corresponding
dilated vertices is not vertices.
one half of the length Most of the
from the center to the corresponding
corresponding vertices. segments are parallel.
Some of the
corresponding segments
are parallel.
2 a Student did not Student used the Student used the Student used the
attempt the problem. definition of difation definition of dilation definition of dilation with
G.A3 Student may or may with the given side with the given side the given side lengths to
8.G.A. not have calculated the | lengths to calculate the lengths to calculate the | calculate the scale factor
scale factor correctly, scegle factor. Student scalefactor ¥ =13 or | ¥ =15 o equivalent.
may ha\:‘e madle equivalent. Student Student explained that
B coordinates of point found by multiplying the
factor. Student may or 2 but di . i I
may not have attempted « but qld not explain | coordinates of ¥ by the
to find the coardinates or relate it to scale scale factor. Student
& factor and point P, determined the
of & - coordinates of
¢ = (-6.—43).
b Student did not Student may have Student correctly set up | Student correctly set up
attempt the problem. inverted one of the ratios to find the length | ratios to find the length of
8.G.A.3 Student wrote a fractions of the equal of IPQ]. student may IPQ1. student correctly
D number for the length | ratios leading to an have made a rounding | identified the length of
of IPQ| without incorrect answer. errar in stating the POI =73 it
showing any work asto | Student may have made | |ength. Student did not Student nswu red the
how hefshe arrived at | @ Calculation error in answer the guestion in uest]onain a :omplete
the answer. finding the Iengt|‘1 of a complete sentence or gentence and identified
12Ql. student did not did not include unitsin | o
answer the guestion ina | the answer.
complete sentence.
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NYS COMMON CORE MATHEMATICS curricutum - Mid-Module Assessment Task KT}

2. Use the diagram below to answer the questions that follow.

Let O be the dilation with center O and scale factor r > O sothat D(P) = P and D{Q) = Q

b.

& 2013 Catmimah Core, Ine, Some rights reserved. commoncore.org

Use lengths [OQ!] = 10 units and |0Q'| = 15 units, to determine the scale factor r, of dilation D.

Describe how to ?etermine the coordinates of P’ using the coordinates of P.
0% =[ HE Sehe Sivte THE (oRONTES oF P=(-4-3)
r= ?‘%‘ Foepoe 15 THE (R0 IATES o TME DIWAPD
-5 =32 T P i BT M@ Suve TRemoe
"o z: TIMES e c';oo&m% & P
= .?'i TFpRRE ¢ =(2x(w) 3 -3 = (-6, 4S),
if {0Q| = 10 units, JOQ'] = 15 units, and |P'Q’| = 11.2 units, determine the length of |PQ|. Round
your answer to the tenths place, if necessary.
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NY$S COMMON CORE MATHEMATICS CURRICULUM Mid-Moduie Assessment Task

Name Date

1. Use the figure below to complete parts {a) and {b).

a, Useacompass and ruler to produce an image of the figure with center O and scale factor, ¥ = 2.

)=

b. Usea ruler to produce an image of the figure with center @ and scale factor, r =
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NYS COMMON CORE MATHEMATICS CURRICULUM. . Mid-Module Assessment Task B 803

h. Isthere a dilation D with center O that would map figure PQRS to figure P'Q'R'S'? If yes, describe
the dilation in terms of coordinates of corresponding paints.

Y
D K
\.\{“‘l e 4
e e, 10

S I

Y “‘-\.‘__

_. -\ - I““ .

o \\ ..
:- _: s ‘\ ™ N
s N T "
i L] \\_ X
) 2 7 5 3 4 -3 2 ™ [ )5 5 3
\ N 3
b P Q' ~
™~
A
\
B Ry
5 \ r
S

N

No, Tvgre 15 wor A owhAnod D by ol wA?P
PRESe 0 PRR'S! . PiLbmoN)  wWiLL ANE f ?OEM')Q)TD

i
e iMAmE & o8 THE RaM DS N Tve  PICVRE  MEoVE

0,8,8' WrE wOT oM T corte e, K eniviR

Goppvgnr G By DEDE  FBe Powns T @, b0 F MHRERRE,
taege V6 MO oiuamon Wk jARRL Pars T fores)
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NYS COMMON CORE MATHEMATICS CURRICULUM - Mid-Module Assessment Task

3. Usearuler and compass, as needed, to answer parts (a) and {b).

a. Isthere a dilation P with center O that would map flgure PQRS ta figure P'Q'R'5'? If yes, describe
the dilation in terms of coordinates of corresponding points.

N =~ .
\\' h\a
\\\\ ‘ \._

. J )
P=(3-2) v=0,0) e, giE 16 B phane O
G=(3-) &= @2 Wit Genren O T M

f(! ) te (2,2 pRES TO @R'e's’ e SOe
A &gz | %) Yrome 6 3. W(EM&(;F;; oF-
67 (o) B ghcd  PONT 1€ D Tivies e

Do fries  OF TWE of AL

- ' X AAPLE )
HD w0 (13,2 ) )
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NYS COMMON CORE MATHEMATICS CURRICULUM Mid-Module Assessment Task

¢ Triangle & ABC islocated at points A = {—4,3), 8 = (3,3) and C = (2, —1) has been dilated from
the origino by a scale factor of 3. Draw and label the vertices of 4 ABC. Determine the coordinates of
the dilated triangle, & A'B’C’ and draw and label it on the coordinate plane.

2
=

SO B i /
- \‘\\
AN < g /
; NYEER
...... ‘ i ‘\\ / ] B
M " l:n 3 3 T . I‘ -+ v s I\f';:\\ ‘ /}, l i ’ ! .
. {
N
- s o C'

.ﬁ:(aélw,) Q= (-4x3, -:h.a) ::(-\1,‘0
= (3,3) B' = (3x3,3x3) = (44)
s (2 o3, =D
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NYS COMMON CORE MATHEMATICS CURRICULUM ~ End-of-Module Assessment Task [} 3

c. Are 20QP and 20Q'P" aqual in measure? Explain.

d. What is the relationship between the lines P@ and P'@’ 2 Explain in terms of similar triangles.

e. Ifthe length of segment 10Q} = 9.8 units, what is the length of segment 10€ 17 Explain in terms of
similar triangles.
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NYS COMMON CORE MATHEMATICS CURRICULUM End-of-Module Assessment Task

Name Date

1. Use the diagram below to answer the questions that follow.

¥
a
— 7
— &
A
[ |
—
o P
—1
O x
0 1 2 3 4 5 3 7 B 9 10 11 12 13 14

Q|

a. Dilate triangle 80PQ from center © and scale factor =9 Label the image AOP'Q" .

b. Eind the coordinatesof P* and Q" .

[ SOMMON | wodues: simiary engage™ w1
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NYS COMMON CORE MATHEMATICS CURRicULLM = End-of-Module Assessment Task . m

3. Given AABC~AA'B'CY and AABC~AA"B"C"" jn the diagram below, answer parts {a)—{c).

3-

3

-3 -2 -1 gmi0 X 2 3 4 5

Eccl B

-6 «3

24

a. Describe the sequence that shows the similarity for A5C and AA'B'C' .

b. Describe the sequence that shows the similarity for AABC and M”BHC"_

c. IsA4'B'C’ similar to A4 BC" 2 How do you know?
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NYS COMMON CORE MATHEMATICS CURRICULUM - End-of-Module Assessment Task

2. Use the diagram below to answer the guestions that follow. The length of each segment is as shown:
segment OX js 5 units, segment OF is 7 units, segment XY is 3 units, and segment X'Y" is 12.6

units.

12.6

~<a

a. Suppose XY is parallel to X'V’ |s triangle AOXY similar to triangle 80X V' 2 Explain.

b. What is the length of segment 0X' 2 Show your work.

¢. What is the length of segment 0¥"? Show your work.
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NYS COMMON CORE MATHEMATICS CURRICULUM

End-of-Module Assessment Task -

d Student does not Student may state that Student states that Student states that
attempt the problemor | g1 P°Q". PGEPQ" PQEPQ’
8.G.A.5 | leavesthe problem Student may not use Student uses some Student uses
blank. mathematicai language | mathematical language | mathematical language
Student may state that | i, explanation or in explanation or in explanation or
PQ1PQ’ reasoning. Forexample, | reasoning. reasoning.
Student does not student may write: Reasoning includes some | Reasoning includes the
attempt any “they look like they of the following facts: following facts:
explanation or won't touch,” or “the L0=20 At least two pairs of
reasoning. angles are the same.” £0QP=£0Q'P* 5pgq | COMresponding angles are
Reasoning may include .. equal, e.g.,
some facts. L0PQ=20FQ ,then | 20 =20 and/or
Reasoning may not be by AA criterion for £0QP = .COQ"P r
complete. similarity, and/or '
There are significant AopG~AOP'Q" A
- ) LOPQ = LOP @  then
gaps in explanation. Then, by FTS ‘
PONPO’ b‘y ﬁ}A qlterion for
. similarity,
Reasoning may not be AoPQ~AOP Q'
complete. Then, by FTS
PQULFQ’,
Reasoning is thorough
and complete.
e Student does not Student answers Student answers Student answers
atternpt the problem or | incorrectly. correctly that correctly that
8.G.A.5 | leavesthe problem Student may not use 09" & 4.4 \pits. 00"~ 4.4 it
blank. mathematical language | student uses some Student uses
in explanation or mathematical language | mathematical language
reasoning. in explanation or in explanation or
Student reasoning does reasoning. reasoning.
notinclude a reference | siudent may or may not | Student referenced
to similar triangles. have referenced similar | similar triangles in
Student reasoning may triangles in reasoning. reasoning.
or may not include that Student reasoning Student reasoning
the ratio of lengths are | includes that the ratio of | includes that the ratio of
equal to scale factor, lengths are equal to lengths are equal to
There are significant scale factor. scale factor,
gaps in explanation, Explanation or reasoning | Reasoning is thorough
may not be complete. and complete.
2 a Student does not Student may or may not | Student answers yes Student answers yes
attempt the problem or | answer correctly. correctly. correctly.
leaves the problem Student may use some Student uses some Student uses
8.G.A.5 biank. mathematical language mathematical language mathematical Janguage
Student answers yes or | in expianation or in explanation or - in explanation or
no only. reasoning. reasoning. reasoning,
Student does not Explanation or reasoning | Explanation includes Explanation includes the
attermnpt to explain is not mathematically some of the following following facts:
reasoning. based, e.g., “they look facts: Since XYHX'Y’  then
like they are.” Since X¥IEXY" then | corresponding angles of
There are significant corresponding angles of | parallel lines are
gaps in explanation. parallel lines are congruent by AA
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NYS COMMON CORE MATHEMATICS CURRICULUM

End-of-Module Assessment Task

STEP1 STEP 2 STEP 3 STEP 4
Assessment Missing or Missing or incorrect | A correct answer A correct answer
Task item incorrect answer answer but with some evidence | supported by

and little evidence | evidence of some of reasoning or substantial

of reasoning or reasoning or application of evidence of solid

application of application of mathematics to reasoning or

mathematics to mathematics to solve the problem, | application of
solve the problem. | solve the problem. | or an incorrect mathematics to
answer with solve the problem.
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem.
1 a Student does not mark | Student drew an Student drew a triangle Student drew a triangle
any points on the arbitrary triangle that ts ﬁo@'p' and labeled the | A0¢ P according to
8.G.A4 drawing. not a dilation according points, but it was not a the scale factor and
to the scale factor and is dilation according to the | labeled the points.
not labeled. scale factor.
h Student does not Student identifies both Student identifies one of | Student correctly
attempt the problem or | of the coordinates of P | the coordinates of P’ identifies the
8.G.A.4 :"I'::'is the problem or@’ incorrectly OR correctly and the' X Coordma,t;;{)f
' student may have coordinate of € ' (6—)
transposed the correctly. A calculation Qaslo /.
coordinates of P as error may have led to to Student correctly
(2.6) an incorrect ¥ - |der1t|fles the
, coordinatas of
coordinate of @ . P {62).
c Student does not Student states that Student states that Student states that
attempt the problemor | £0OQP = £09'P" L0QP = LOQ'P" LOQP = £0Q'P"
8.G.A.4 | leavesthe problem Student does not Student explanation Student explanation
blank. attempt any explanation | includes mathematical includes mathematical

Student states that or reasoning. fanguage. language.

LO0QP* LOQ'P", Explanation or reasoning | Student explanation may | Reasoning includes that
is not mathematically not be complete, e.g., b{zogr) = £0Q'P,
based. for example, stating dilations are and dilations are degree
student may write: “it degree persevering preserving.
looks like they are the without explaining
same.” p{c0QP) = £0g'P’
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NYS COMMON CORE MATHEMATICS CURRICULUM

End-of-Module Assessment Task [F053

or scale factor.

Student may or may not
have stated the
congruence.

Student may have stated
the incorrect
congruence.

Explanation or reasoning
is not mathematicaily
hasad, e.g., "ane looks
about half the size of the
other.”

0<r=<1 pyrdoes
not give center.

Student may or may not
have stated the
congruence,

Student may have stated
the incorrect
congruence.

Student uses some
mathematical language
in explanation or
reasoning.

there is a congruence of
rotation of 180°
centered at the origin.
Student uses
mathematical language
in explanation or
reasoning, such as:
R(D{AABC)) = AA"B"(
and
NARC~BA"B"C™
Reasoning is thorough
and complete,

© 2013 Common Core, Ind, Sofma nghts reseneed. commongore.org

This work is licensed undar a
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c Student does not Student may or may not | Student may or may not | Student answers
attemnpt the problem or | have answered correctly. | have answered correctly. | correctly that yes,
8.G.5 leaves the problem Student does not Student states thatonly | AA'B'C'~A4"B"C""
blank. attempt any explanation | one set of angles ks Student states that

or reasoning. congruent. dilations are angle

Student does not Student uses some preserving.

reference the AA mathematical language Student shows that

Criterion‘for similar!ty: in explgnation or since ABC~AA'B'C’

Explanation or reasoning | reasoning.

is not mathematically Student may or may not and ot

based, e.g., “They don’t reference the AA A4ABC~24787C ,at

L4

lock fike they are the Criterion for simitarity. least two corresponding

same.” angles are congruent
{i.e.,
LAz A" (A
Student references the
AA Criterion for
similarity.
Student uses
mathematical language
in explanation or
reasoning.
Reasoning is thorough
and complete.
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NYS COMMON CORE MATHEMATICS CURRICULUM

End-of-Module Assessment Task

congruent by AA criterion for similar
criterion for similar triangles; therefore,
triangles; Aoxv~hox'y’ )
therefore, \ Reasoning is thorough
Aoxy~AoXY' and complete.
Reasoning may not be
complete.
b Student does not Student may or may not | Student may or may not | Student answers
attempt the problem or | have answered correctly. | have answered correctly. | correctly with length of
8.G.AS leaves the problem Student uses some Student.uses a ax’ =21 units.
blank. method other than progportion to solve Student uses a
proportion to solve proilem. proportion to solve
problems, e.g., guessing. | Student may have set up problem.
Student may have made | proportion incorrectly.
calculation errors. Student may have made
calculation errors.
c Student does not Student may or may not | Student may or may not | Student answers
attempt the problem or | have answered correctly. | have answered correctly. | correctly with length of
8.G.A.5 | leavesthe problem Student uses some Student.uses a av =164 units.
blank. method‘other than proportion to solve Student uses 3
proportion to solve ‘ problem., proportion to solve
problems, e.g., guessing, | Student may have set up problem.
Student may have made | proportion incorrectly,
calculation errors, Student may have made
calculation errors.,

3 a Student does not Student does not Student states dilation. Student states correctly
attempt the problem or | attempt any explanation { Student states dilation is | there is a dilation with
leaves the problem or reasoning. centered at origin, but center at the origin and

8.G.A5 blank. Student may or may not | does not give scale has a scale factor,
have stated dilation and | factor, 7> 1. orstates | T =2 |
doesnot give any center | (.o factorof 7 > 1 Student states correctly
or scale factar. but does not give center. | there s a congruence of
Student may or may not | ¢\ 4ot may or may not | reflection across the ¥ -
have stated the have stated the axis.
congruence. congruence, Student uses
StuQent may have stated Student may have stated | mathematical language
the incorrect the incorrect in explanation or
congruence. . congruence, reasoning such as
Fxplanatlon or re.asonlng Student uses some -'\(D{MB C)) = '8!
is not mathematically mathematical language d AAgC~14"8'C*
based, e.g., “one locks in explanation or ane = .
about three times higger reasoning. Reasoning is thorough
than the other.” and complete.
b Student does not Student does not Student states dilation, Student states correctly
attempt the problem or | attempt any explanation | Student states dilation is | there is a dilation with
3.G.A leaves the problem or reasoning, centered at origin, but center at the origin and
G.AS blank. Student may or may not | does not give scale has a scale factor,
have stated ditation and factor, p=r=l or o<r<l s
does not give any center | states scale factor of Student states correctly
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NYS COMMON CORE MATHEMATICS curRriculuM - End-of-Module Assessment Task B1XE

Name . Date

1, Use the diagram below to answer the questions that follow,

_ . '. -'pl.}‘ . '
B E

a. Dilate triangle AOPQ from center O and scale factor r = 1;-. Label the image AOQP'Q’.

b. Find the coordinates of P' and @',
?l :(b;?—) 25 l?la\\ . % %? \ 2::. _2;"?_*%
1.."-"- IJ;-—--— . ) ?

= 440
el . % o

=Y
\pat = %
c. Are £OQP and £0Q'P equal in measure? Explain,
Veo Lo = c0ap!  civeE  D(ACRP) =ADR'P i Dhhmos e
VCONEE CRESERNNE, » THEN LT8¢ =2 0a' P,
LOGP R £ 0P M  CORREBPONDING  Deibnfe OF PHRAUEL LTS

PQ & PR, e REDREL i = ooy,
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NYS COMMON CORE MATHEMATICS CURRICULUM End-of-Module Assessment Task

2. Use the diagram below to answer the questions that follow. The length of each segment is as shown: segment 90X
is 5 units, segment OF is F units, segment XY is 3 units, and segment X' ¥ is 126 ynits.

12.6

a. Suppose XY is parallel to X'V'. Is triangle ADXY similar to triangle AOX'Y'? Explain,
Nes, DoxY ~oxry. Gince xY[| T THEN LOXN = Lox 'Y

PRID LOYX = Lo X Bechuse CoRRETSIOND ey pdeLEs of
PREGUEL Lips P gRute s BY OR AORY ~ Aoy

b. Whatis the length of segment 0X'? Show your wotk.

2 _ {0 26)= 3(Jox" THE LENeH oF
1) o= 30 *\?ﬁ\lﬁ?‘%ﬂ an i
21 =oe) © - foxins e

c.  What s the length of segment OY'? Show your work.
126 VL el)= 3(lov)
R 48.2.= 3{\or1)
24 = oY\

-ﬂ/u;‘ ENGTH OF
109} 15 244 uNvs,
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NYS COMMON CORE MATHEMATICS CURRICULUM End-of-Module Assessment Task [}

d.  What s the relationship between the lines PQ and P'Q’? Explain in terms of similar triangles.

T™ME UNgs R pop €'6' ML emehiten,  ADPR ~ boe'y)

BY e M Cemua (L0740, Lokgr LoPR)),

“Meeewer BY ME FNOAMENPL.  THERBA OF  cimubeaTy
vall AR

e. Ifthe length of segment [0Q| = 9.8 units, what is the length of segment JGQ'|? Explain in terms of
similar triangles.

GINCE ADIR M AOPR! Men TV RMIDS OF LENGTHS of
CPREELOROING  SIDES  wil. B EBUL TS yne sow
A VR, TriEN '

e el g
LAY '~
4 o\

4" 48
4% = \0)\

ME LBIEM  oF |OR'| 16 peery ey 44 vniTE.
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NYS COMMON CORE MATHEMATICS CURRICULUM End-of-Module Assessment Task

3. Given AABC~AA'B'C' and AABC~AA"B"C” in the dlagram below, answer parts {(a}-(c).

. e s Fpf e E‘c‘ . - )
a, Describe the sequence that shows the similarity for AABC and AA'B'C. PC == L=y
1

T D Pe Me pinoy FRIM LeNBR 0 D Sume PReiR e,
Vel TWeRE B b eeRemon  Pefoss THE - Ayds . TMEN THE

Doy ol ed Gy e RERgtnany whes Ao oNTD
D et

h. Describethesequencethatshowsthesimi_larltyforAABCandt.‘.A”B”C”_ —
W b pE e oidvon el (el o ReO Sk %“mg .
bLyl ), Er MERE B 6 QoTmon  oF 1ED° W}’D Qz\’?r '
WMEN g QILAON  foLiared BY HE gorpnon  MAES

DBL DI AR

¢. IsAA'BC’ similar to AA"BYC™? How do you know? )
VES. DNBEL ~ ANBICY DiLpmoNe PREGERNE  posle MBEASURES
FHD  Sdce A pe~ APIpc  BOD A{BCN ARG v Y Now?
LB P B LAY yem fB LB, B PR LEATERION R
St ARp/Cy ARTRCY LD, SWILARATY 1S

ehioinvg,
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NYS COMMON CORE MATHEMATICS CURRICULUM Module Overview m

Grade 8 ®* Module 2
The Concept of Congruence

OVERVIEW

In this module, students learn about translations, reflections, and rotations in the plane and, more
importantly, how to use them to precisely define the concept of congruence. Up to this point, “congruence”
has been taken to mean, intuitively, “same size and same shape.” Because this module begins a serious study
of geometry, this intuitive definition must be replaced by a precise definition. This module is a first step; its
goal is to provide the needed intuitive background for the precise definitions that are introduced in this
module for the first time.

Translations, reflections, and rotations are examples of rigid motions, which are, intuitively, rules of moving
points in the plane in such a way that preserves distance. For the sake of brevity, these three rigid motions
will be referred to exclusively as the basic rigid motions. Initially, the exploration of these basic rigid motions
is done via hands-on activities using an overhead projector transparency, but with the availability of geometry
software, the use of technology in this learning environment is inevitable, and some general guidelines for
this usage will be laid out at the end of Lesson 2. What needs to be emphasized is that the importance of
these hasic rigid motions lies not in the fun activities they bring but in the mathematica! purpose they serve in
clarifying the meaning of congruence,

Throughout Topic A, on the definitions and properties of the basic rigid motions, students verify
experimentally their basic properties and, when feasible, deepen their understanding of these properties
using reasoning. In particular, what students learned in Grade 4 about angles and angle measurement
(4.MD.5} will be put to good use here: they learn that the basic rigid motions preserve angle measurements,
as well as segment lengths.

Topic B is a critical foundation to the understanding of congruence. All the lessons of Topic B demonstrate to
students the ability to sequence various combinations of rigid motions while maintaining the basic properties
of individual rigid motions. Lesson 7 begins this work with a sequence of translations. Students verify
experimentally that a sequence of translations have the same properties as a single translation. Lessons 8
and 9 demonstrate sequences of reflections and translations and sequences of rotations. The concept of
sequencing a combination of all three rigid motions is introduced in Lesson 10; this paves the way for the
study of congruence in the next topic.

In Topic C, on the definition and properties of congruence, students learn that congruence is just a sequence
of basic rigid motions. The fundamental properties shared by all the basic rigid motions are then inherited by
congruence: congruence moves lines to lines and angles to angles, and it is both distance- and degree-
preserving {Lesson 11}. In Grade 7, students used facts about supplementary, complementary, vertical, and
adjacent angles to find the measures of unknown angles (7.G.5). This module extends that knowledge to
angle relationships that are formed when two parailel lines are cut by a transversal. in Topic C, on angle
relationships related to parallel lines, students learn that pairs of angles are congruent because they are
angles that have heen translated along a transversal, rotated around a point, or reflected across a line.
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NYS COMMON CORE MATHEMATICS CURRICULUM Module Qverview

Students use this knowledge of angle relationships in Lessons 13 and 14 to show why a triangle has a sum of
interior angles equal to 180° and why the exterior angles of a triangle is the sum of the two remote interior
angles of the triangle,

Optional Topic D begins the learning of Pythagorean Theorem. Students are shown the “square within a
square” proof of the Pythagorean Theorem. The proof uses concepts learned in previous topics of the
module, i.e,, the concept of congruence and concepts related to degrees of angles. Students begin the work
of finding the length of a leg or hypotenuse of a right triangle using 2% + * = ¢®  Note that this topic will
not be assessed until Module 7.

Focus Standards

Understand congruence and similarity using physical models, transparencies, or geometry
software.

8.G.A.1  Verify experimeﬁtal!y the properties of rotations, reflections, and translations:
a. Lines are taken to lines, and line segments to line segments of the same length.
b. Angles are taken to angles of the same measure,
¢. Parallel lines are taken to parallel {ines.

8.G.A.2 Understand that a two-dimensional figure is congruent to another if the second can be
obtained from the first by a sequence of rotations, reflections, and translations; given two
congruent figures, describe a sequence that exhibits the congruence between them.

8.G.A.5 Use informal arguments to establish facts about the angle sum and exterior angle of triangles,
about the angles created when parallel lines are cut by a transversal, and the angle-angle
criterion for similarity of triangles. For example, arrange three copies of the same triangle so
that the sum of the three angles appears to form a line, and give an argument in terms of
transversals why this is so.

Understand and apply the Pythagorean Theorem.

8.G.B.6  Explain a proof of the Pythagorean Theorem and its converse.

8.G.B.7  Apply the Pythagorean Theorem to determine unknown side lengths in right triangles in real-
world and mathematical problems in two and three dimensions.
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NYS COMMON CORE MATHEMATICS CURRICULUM - Module Overview 3'2

-

Foundational Standards

Geometric measurement: understand concepts of angle and measure angles.

4.MD.C.5 Recognize angles as geometric shapes that are formed wherever two rays share a common
endpoint, and understand concepts of angle measurement:

a. An angle is measured with reference to a circle with its center at the common endpoint of
the rays, by considering the fraction of the circular arc between the points where the two
rays intersect the circle. An angle that turns through 1/360 of a circle is called a “one-
degree angle,” and can be used to measure angles.

h. An angle that turns through " one-degree angles is said to have an angle measure of 1
degrees.

Draw and identify lines and angles, and classify shapes by properties of their lines and
angles.

4.G.A.1  Draw points, lines, line segments, rays, angles, and perpendicular and parallel lines. Identify
these in two-dimensional figures.

4.G.A.2  Classify two-dimensional figures based on the presence or absence of parallet or
perpendicular lines, or the presence or absence of angles of a specified size. Recognize right
triangles as a category, and identify right triangles.

4.G.A.3  Recognize a line of symmetry for a two-dimensional figure as a line across the figure such that
the figure can be folded along the line into matching parts. Identify line-symmetric figures
and draw lines of symmetry.

Solve real-life and mathematical problems involving angle measure, area, surface area, and
volume.

7.G.B.5  Use facts about supplementary, compiementary, vertical, and adjacent angles in a multi-step
problem to write and solve simple equations for an unknown angle in a figure.

Focus Standards for Mathematical Practice

Mp.2 Reason abstractly and quantitatively. This module is rich with notation that requires
students to decontextualize and contextualize throughout. Students work with figures and
their transformed images using symbolic representations and need to attend to the meaning
of the symbolic notation to contextualize problems. Students use facts learned about rigid
motions in order to make sense of problems involving congruence,

mP.3 Construct viable arguments and critique the reasoning of others. Throughout this module,
students construct arguments around the properties of rigid motions. Students make
assumptions about parallel and perpendicular lines and use properties of rigid motions to
directly or indirectly prove their assumptions. Students use definitions to describe a sequence
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NYS COMMON CORE MATHEMATICS CURRICULUM "~ Module Overview

of rigid motions to prove or disprove congruence. Students build a logical progression of
statements to show relationships between angles of parallel lines cut by a transversal, the
angle sum of triangles, and properties of polygons like rectangles and parallelograms.

MP.5 Use appropriate tools strategically. This module relies on students’ fundamental
understanding of rigid motions. As a means to this end, students use a variety of tools but
none as important as an overhead transparency. Students verify experimentally the
properties of rigid motions using physical models and transparencies. Students use
transparencies when learning about translation, rotation, reflection, and congruence in
general. Students determine when they need to use the transparency as a tool to justify
conjectures or when critiquing the reasoning of others.

MP.6 Attend to precision. This module begins with precise definitions related to transformations
and statements about transformations being distance and angle preserving. Students are
expected to attend to the precision of these definitions and statements consistently and
appropriately as they communicate with others. Students describe sequences of motions
precisely and carefully label diagrams so that there is clarity about figures and their
transformed images. Students attend to precision in their verbal and written descriptions of
rays, segments, points, angles, and transformations in general.

Terminology

New or Recently Introduced Terms

* Transformation (A rule, to be denoted by £ , that assigns each point £ of the plane a uhigue point
which is denoted by F (P )

* Basic Rigid Motion (A basic rigid motion is a rotation, reflection, or translation of the plane.

o  Basic rigid motions are examples of transformations. Given a transformation, the image of a
point A isthe point the transformation maps the point 4 to in the plane.)

* Translation (A basic rigid motion that moves a figure along a given vector.)
» Rotation (A basic rigid motion that moves a figure around a point, ¢ degrees.)
» Reflection {A basic rigid motion that moves a figure across a line.)

= Image of a point, image of a figure (Image refers to the location of a point, or figure, after it has been
transformed.)

* Sequence (Composition} of Transformations (More than one transformation. Given transformations
G andF ,G°F iscalled the composition of F_and € )

= Vector (A Euclidean vector (or directed segment) 48 is the line segment AB  together with a
direction given by connecting an initial point 4 to a terminal point 8 )

= Congruence (A congruence is a sequence of basic rigid motions {rotations, reflections, transtations) of
the pfane.)

* Transversal (Given a pairof lines L and  ina plane, a third line T is a transversal if it intersects L
at a single point and intersects M ata single but different point.)
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NYS COMMON CORE MATHEMATICS CURRICULUM - Module Overview m

Familiar Terms and Symbols®

= Ray, line, line segment, angle

= Parallel and perpendicular lines

= Supplementary, complementary, vertical, and adjacent angles
=  Triangle, quadrilateral

= Area and perimeter

Suggested Tools and Representations

= Transparency or patty paper

»  Wet or dry erase markers for use with transparency

= Optional: geometry software

= Composition of Rigid Motions: http://youtu.be/O2XPy3ZLU7Y
= ASA: hitp://www.youtube.com/watch?v=-yIZdenw5U4

Aszessment Summary

Mid-Module After Topic B | Constructed response with rubric 8.G.A.1
Assessment Task

End-of-Module After TopicC | Constructed response with rubric 8.GA.2,8.GA5
Assessment Task

: These are terms and symbols students have seen previously.
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Mid-Module Assessment Task

c. Rotate AXYZ around the point {10}, clockwise 90° . Label the image of the triangle with X', ¥,

and 2",
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NYS COMMON CORE MATHEMATICS CURRICULUM Mid-Module Assessment Task

Name Date

a. Translate AXYZ along AB . Label the image of the triangle with X', ¥', and Z° .

b. Reflect BXYZ across the line of reflection, £ . Label the image of the triangle with X, ¥’ and Z' .
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NYS COMMON CORE MATHEMATICS CURRICULUM - Mid-Module Assessment Task 8 2

3. Use the graphs below to answer parts {a} and (b).

a. Reflect AXYZ over the horizontal line {parallel to the x-axis) through point {0,1) . Label the
reflected image with X' ¥'Z”,

o=

-4

—-F
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NYS COMMON CORE MATHEMATICS CURRICULUM Mid-Module Assessment Task

2. Use the picture below to answer the questions.

Figure A has been transformed to Figure B,

a. Can Figure A be mapped onto Figure B using only translation? Explain. Use drawings, as needed, in
your explanation,

b. Can Figure A be mapped onto Figure B using only reflection? Explain. Use drawings, as needed, in
your explanation,
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NYS COMMON CORE MATHEMATICS CURRICULUM

Mid-Module Assessment Task g

STEP 1 STEP 2 STEP 3 STEP 4
Assessment Missing or incorrect | Missing or incorrect | A correct answer A correct answer
Task item answer and little answer but with some evidence | supported by
evidence of evidence of some of reasoning or substantial
reasoning or reasoning or application of evidence of solid
application of application of mathematics to reasoning or
mathematics to mathematics to solve the problem, | application of
solve the problem. | solve the problem. | or anincorrect mathematics to
answer with solve the prohlem.
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem.

1 a Student was unable to Student did translate Student translated Student translated
respond to the question | along a vector. Student corractly along vector. correctly along vector
or left item blank. may have used a Student did not label AND student labeled

8.G.A.1 Student may have different vector than image or may have image correctly.
enlarged or shrunk what was given. Student | labeled image
image. Student may may have shortened or incorrectly.
have reflected or rotated | lengthened given vector.
image. Student did not label
image or may have
labeled image
incorrectly.
b Student was unable to Student did reflect Student reflected Student reflected
' respond to the question | across line, Student may | correctly across line. correctly across line
or left item blank. have reflected across a Student did not label AND student labeled
8.G.A1 Student may have different line than what image or may have image correctly.
enlarged or shrunk was given. Student did labeled image
image. Student may not label image or may incotrectly,
have translated or have labeled image
rotated the image. incorrectly. The
orientation of the Image
may be incorrect.
c Student was unable to Student did rotate about | Student did rotate about | Student did rotate abhout
respond to the question | the point {1,0). Student | the point (1,0} clockwise | the point (1,0] clockwise
8.G.A.1 | or left item blank. may have rotated the 90", Student did not 90" AND student labeled
Student may have triangle counter- label image or may have | image correctly.
translated the triangle to | clockwise 90°. Student labeled image
the correct guadrant. may have rotated more incorrectly.
Student may have or lass than 90°. Student
reflected the triangle to | did not label image or
the correct quadrant, may have labeled image
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NYS COMMON CORE MATHEMATICS CURRICULUM - Mid-Module Assessment Task

b. One triangle in the diagram below can be mapped onto the other using two reflections. Identify the
fines of reflection that would map one onto the other. Can you map one triangle onto the other
using just one basic rigid motion? If so, explain.

N
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Mid-Module Assessment Task - m

8.G.A.1

Student was unable to
respond to the guestions
of left items blank.
Student answered with
yes or no only, Student
may or may not have
identified the lines of
reflection. No evidence
of mathematical
reasoning used in
written explanation.

Student answered with
yas or no. Student may
or may not have
identified the lines of
reflection, Student
identified a rotation as
the rigid motion,
Student may or may not
have identified the
degree of rotation or the
canter of rotation. Some
evidence mathematical
reasoning used in
written explanation.

Student answered
correctly with yes.
Student identified the
lines of reflection.
Student identified a
rotation as the rigid
motion. Student
identified the degree of
rotation. Student may
oF may not have
identified the center of
rotation. Some evidence
mathernatical reasoning
used in written
explanation.

Studeant answered
correctly with yes,
Student correctly
identified the lines of
reflectionas ¥ =@ |
then

x=0 grasx=0
then

v=0 AND student
identified a rotation as
the rigid motion AND
student identified the
degree of rotation as

180 AnD student
identified the center of
rotation as the origin
AND substantial
avidence mathematical
reasoning used in
written explanation.
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Mid-Module Assessment Task

incorrectly.
2 a Student answered with Student answered with Student answered Student answered
yes or no only. Student yes or no, Student correctly with no. correctly with no
was unable to give any showed some reasoning | Student used a pictorial AND student used
8.G.A.1 explanation (pictorially {pictorially or written) to | explanation only as mathematical
or written). solve the problem. evidence of reasoning. vocabulary in
Student showed no Some evidence of explanation. Student
application of mathematical reasoning | may have used pictorial
mathematics to solve in explanation. Student | explanation to enhance
the problem, did not use rmathematical
mathematical explanation.
vocabulary in
explanation.
b Student answered with Student answered with Student answered Student answered
yes or 1o only. Student yes or no, Student cosrectly with no. correctly with no AND
3.6 was unable to give any showed some reascning | Student used a pictorial student used
G.A1 explanation {pictorially (pictorially or written) to | explanation only as mathematicat
or written}. solve the problem. evidence of reasoning. vocabulary in
Student showed no Some evidence of explanation. Student
application of mathematical reasoning | may have used pictorial
rnathematics to solve in explanation. Student | explanation to enhance
the problem. did not use mathematical
mathematical explanation.
vocabuiary in
expianation.
3 a Student was unable to Student reflected Student reflected Student reflected
respond to the question | triangle across any line triangle across the line triangle across the line
8.G.A1 or teft item blank. other than the line ¥=1  Theorientation | ¥ =1 AND the
T | Student showed no y=1 of the triangle Is carrect. | orientation of the
reasoning or application | The orientation of the Student may or may not | triangle is correct. AND
of mathematics to solve | triangle may or may not | have labeled the triangle | Student labeled the
the problem. be correct. Student may | correctly. triangle correctly.
or may not have labeled
the triangle correctly.
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NYS COMMON CORE MATHEMATICS CURRICULUM * Mid-Module Assessment Task K:LFR

¢. Rotate A XYZ around the point {1,0), clockwise, 90°. Label the image of the triangle with X', ¥, and

Z,
[+ ' x
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NYS COMMON CORE MATHEMATICS CURRICULUM - - Mid-Module Assessment Task

Name Date

a. Translate AXYZ along AB. Label the image of the triangle with X', Y', and Z’,

b. Reflect AXYZ across the line of reflection, . Label the image of the triangle with X', Y', and Z'.
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Mid-Moduie Assessment Task m

2. Use the picture below to answer the questions.

snor)

Figure A has been transformed to Figure 8. of Wmo
oo\ Ble LA ¥

A

RULNN

a. Can Figure A he mapped onto Figure B using only translation? Explain. Use drawings, as needed, in
your explanation.

No, IF | Temisary fone Vevre o | th GET
wp v - PelT oF Pkuge A o MAe oo

Me  Losge EFT o of fewee B (DN'& Pirie. OF
(/D@-@%\’OND\MG wr-"r{é) o o Omprz Fawrs of
My Aevegs LonADE |

b. Can Figure A be mapped onto Figure B using only reflection? Explain, Use drawings, as needed, in
your explanation.

Mo, WHEn \ teNner & PomT of  fhwke A T TS
\Mbgee o8 Rgueg o, THE LINE oF REAECNON  SHOAD
PSEU AW SELmMenT, WHeN | CONNBLT WIDPOINTS of

KK % VY | GET b possiBe  Lwe OF  RECLEcno, BUT
PVEN | ovee , PauRe A DES Mot MR oNTD . Beury .
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NYS COMMON CORE MATHEMATICS CURRICULUM Mid-Module Assessment Task

2. Use the picture below to answer the queastions,

Figure A has been transformed to Figure B,

o)
pY OF perVim

ot A
A
N
~] | B
~_ 3

a. Can Figure A be mapped onto Figure B using only translation? Explain. Use drawings, as needed, in
your expianation, .
NfO, F | Teane Mwone Nevpe Mo | Chd GET
Ty vowre eNT oF Plkuge A o Mibe anTo
LoR-RpronDIDE  Pots BT o Omgrz  Powrs ofF
My feouvegs comdave,
b.

Can Figure A be mapped onto Figure B using only reflection? Explain. Use drawings, as needed, in
your explanation.

No, Wrgh + (e & POt of PGkt A T TS
(Mbe o Ravey B, THE LINE oF gefecnod SO

DSELT AW SemignT, WHEN | ColNeer WiDeowTs of

FK RTY N GET b PHIGE  Lwe OF  FEfLscnol, BU9

PMEN 1 OMECk , PueRE A DS Nor MM oNTD . Reurg 1,
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NYS COMMON CORE MATHEMATICS CURRICULUM - Mid-Module Assessment Task 8'2

b. One triangle in the diagram below can be mapped onto the other using two reflections. Identify the
lines of reflection that would map one onto the other, Can you map one triangle onto the other using
just ene basic rigid motion? If so, explain,

I T W e I L ........},...____..__ R
| &
" é ——p— [ .....\.-...-.‘ ? -
L " \ —
e % ](\ /
n b=
t
E
!
f———— H . —_—— e l ........
P
!
:; P
5 -7 -G -5 —d —3 -2 -1 1 3 1 q &x
B -
! i
b —l ) i - .
i
i
1
s .. &
!
|
—=f-d— - e s . .
..... (RO S S VY U R

[\ Refgonon  PCRosS THE Oc-Axs  Mbws Ahec To
A Nee D ko RENELON Berpss  THE Y- AYNS

Mies  Dhpler o AN B
owce el DU8, BC\B'C D Acj|Aer AND THE
Lensvs (B =A'e!, 8L =be, pe=per, Bl &
190 Roremon Pgour THE QRGN Wil MAP
Akt ™ DABCN
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NYS COMMON CORE MATHEMATICS CURRICULUM - Mid-Module Assessment Task 8

3. Use the graphs below to answer parts (a) and (k).

a. Reflect AXYZ over the line y = 1. Labe} the reflected image of Xas X', YasY,and Zas Z'.

. . i - -
X
R 4 _ _ ""'--.._‘\‘ J S S
— —_— 3 \rl' Z ]|
et . N R S .
e e ) e
8 7 -6 Bl -4 -3 -2 - 4 x*

I S S S I .,..__\.,_.l.h_...ﬂ.\._..__ﬂl_ : / .z__l_‘

IRV IR DRI S RO ROV SN PR AP EPNPE USRI SPR [
. N A— N P SUUP NI N S S USSR SIS PRSP [PPSR AU [ S —
..... - - A - ——
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Name Date

1. aABC =2 aA'B'C’ Use the picture below to answer parts (a) and {b).

% 8

7T 77
// A’ / 1{
)4 = A1/
// //

a. lsit possible to show a congruence between & ABC and 4 A'B'C" using only one translation and
one reflection? Explain,

b. Describe a sequence of rigid motions that would prove a congruence between 4 A5C and
aA'B'C’
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NYS COMMON CORE MATHEMATIGS cURRicutum - -. End-of-Module Assessment Task 8.2

2. Use the diagram to answer the question below.

kil

Line & js paraflel to line ! . m £ EDC =41° angm £ ABC =32 | Find the m £ BED | Explainin
detail how you know you are correct. Add additional lines and points as needed for your exptanation,
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NYS COMMON CORE MATHEMATICS CURRICULUM End-of-Module Assessment Task

3. Use the diagram below to answer the questions that follow. Lines L1 and L2 are parallel, L1 ¥ Lz, Point
N is the midpoint of segment GH .

a. W§£IHM =125" whatis the measure of £IH] ? 2JHN 3 £NHM 3

b. What can you say about the relationship between £4 and £6 ? Explain using a basic rigid motion.
Name another pair of angles with this same relationship.

€. What can you say about the relationship between £1 and £3 ? Explain using a basic rigid motion.
Name another pair of angles with this same relationship.
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End-of-Module Assessment Task - m

STEP 1 STEP 2 STEP 3 STEP 4
Assessment Missing or incorrect | Missing or incorrect | A correct answer A correct answer
Task Item answer and little answer but with some evidence | supported by
evidence of evidence of some of reasoning or substantial
reasoning or reasoning or application of evidence of solid
application of application of mathematics to reasoning or
mathematics to mathematics to solve the problem, | application of
solve the problem. | solve the problem. | or an incorrect mathematics to
answer with solve the problem.
substantial
evidence of solid
. reasoning or
application of
mathematics to
solve the problem,
1 a Student was unable to Student answered with Student answered Student answered
respond to the question | yes orno. Student may | corractly that one correctly that one
or left item blank. of may not have translation and one translation and one
8.G.A.2 Student answered with answered correctly. reflection will not work. reflection will not work.
yas or no only. Student | Student used little orno | Student may or may net | Student used
may or fmay not have mathematical have used mathematical | mathematical
answered correctly. vocabulary or hotation vocabulary or notation vocabulary and notation
Student shows no {e.g., map, Image, prime | {e.g., map, image, prime | (e.g., map, image, prime
reasoning or application | notation, etc.} in written | notation, etc.} in written | notation, etc.) in written
of mathematics to solve | explanation. Some explanation in attempt explanation. AND
the problem, evidence mathematical to translate or reflect. Substantial evidence
reasoning used in Some evidence mathematical reasoning
written explanation. mathematical reasoning | used in written
used in written explanation.
explanation.

b Student was unable to Student identified an Student identified a Student identified a
respond to the guestion | incorrect sequence of correct sequence of rigid | correct seguence of rigid
or left item blank. rigid motions. Student motions but lacked maotions with precision.

8.G.A2 Student did not describe | used little or no precision. Student may Student used
a sequence. mathematical or may not have used mathematical
Student showed no vocabulary or notation mathematical vocabulary and notation
reasoning of application |} In sequence. vocabulary or notation in sequence. Substantial
of mathematics to solve | Some evidence sequence. Some evidence mathematical
the probiem. mathematical reasoning | evidence mathematical reasoning used in
used in sequence. reasoning used in seguence,
seguence,
2 COMMON Modute 2: The Cencept of Congruence ny
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2 | 8.G.A.5 | Student was unable to Student calculated the Student calculated the Student calculated the
respond to the measurement of the measurement of the measurement of the
questions or left items | angle. Student may have | angle. Student may have angle correctly as 73°
blank. Student showed | made calculation errors. made calculation errors. Student used auxiliary
no feasoning or Student attempted to use | Student used auxiliary lines to solve the
application of auxiliary lines to solve the | lines to solve the problem. AND Student
mathematics to solve problern. 5tudent showed | problem. Student shows substantial
the problem. little or no reasoning in showed some reasoning reasoning in written

written explanation. in written explanation. explanation including

Student did not use any Student may or may not informaticn about

theorem in written have used the correct congruent angles being

explanation, theorem in the written equal, straight angles

explanation. having 180% | triangle
sum being 180% | sum of
remote interior angles
equal to exterior angle of
’ a triangle, etc.
3 a Student was unable to Student may have made Student showed some Student answered
respond to the calculation errors, apgplication of correctly with
3.G.A questions or left items | Student may have mathematics to solve the | ZIHM = £]JHN = 125"
-G.AS biank. answered part of the problem. and
Student shows no question correctly, i.e., Student may have made LIR] = ZNKHM = 58"
reasoning or LIHM = £JHN = 128" | calculation errors, for measures of ALL four
application of but omitted Student may have angles.
mathematics to solve LIR] = 2ZNHM =559, reversed the answers, i.e,,
the problem. OR answered with all four | ZIHM = Z]JHN = 55°
angles are the same or
measure. LIHf = £NHEAM = 125,

b Student was unable to Student may have Student may have Student answered
respond to the answered the name of the | answered the name of the | correctly by calling the
guestions or left items angles incorrectly. angles incorrectly but did | angles Alternate Interior

8.G.A.5 blank. Student showed | Student may have identify correctly the Angles. AND
ne reasoning or identified incorrectly the other angles with the Student named 43 and
applicatiory of other anglgs wit‘h the same refationship, 28 a6 angles with the
mathematics to solve same relationship. Student used some : .
) , . same relationship. AND
the preblem. Student Student included a written | mathematical vocabulary student used
dlq not include a‘ explanation, §t|fdent in written explanation. mathematical vocabulary
written explanation. referenf:ed a rlglq motion, Studc-:\nt referenced in written explanation.
translaltlon, rotation, rotation but may not have AND Student referenced
refl.ectfon. o ref‘erer?ced éll of the key ALL of the foliowing key
Written explanation is not | points in written LN
mathematically based, explanation, points: is the
i.e., “they look the same.” midpoint of #G
rotation of 180% around
N, and rotation is
degree preserving ine
written explanation.
Written explanation is
I = COMMON | modute 2: The Concept of Congruence ny
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thorough and complete.

c Student was unable to
respond to the
guestions or left items
blank. Student showed
no reascning or
application of
mathematics to solve
the problem, Student
did not include a
written explanation.

8.G.AS5

Student may have
answered the name of the
angles incorrectly.
Student may have
identified incorractly the
other angles with the
same relationship.
Student included a written
exptanation. Student
referenced a rigid motion,
translation, rotation,
reflection.

written explanation is not
mathematically based, i.e.
“they look the same.”

Student may have
answered the name of the
angles incorrectly but did
identify correctly the
other angles with the
same relationship.
Student used some
mathematical vocabulary
in written explanation.
Student referenced
translation but may not
have referenced all of the
key points in written
explanation.

Student answered
correctly by calling the
angles Corresponding
Angles. Student named
L2 and 6 {or £3

and 27 or 2% and

£8 } a5 angles with the
same refationship. AND
Student used
mathematical vocabulary
in written explanation.
AND

Student referenced ALL
of the following key
points: translation along
vector HG, translation
maps parallel lines to
parallel tines, and
translation is degree
preserving in written
explanation.

Written explanation is
thorough and complete,
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Name Date

1. AABC = AA'B'C’, Use the picture below to answer parts {a} and {b).

fﬂ\ , c*
yANRSY i/l
A f' AL
// - AN // /
)4 - N )
) 4 d N )4 /
Vi N v /
r ¢ i
c : NS /
i NN
NN/
A

a. lIsit possible to show a congruence between AABC and AA'B'C'using only one transiation and
one reflection? If so, explain how.

No. O TRAusuamoN Ch MAP AW A Bur A KeFigonon
WL Qo Mbke AN B TP Dbpe.

b. Describe a sequence of rigid motions that would prove a congruence between AABC and
Mir;*' T BE Ve TRMsumoR NG Ak o Tt ()b
P &=
W £ g v €ona)  Meawd &, ol i:eé:ﬁt.--lffi @ |
MaT R(NE)= PE. BY mvponaesis [l b o PRy
Ler N BE - RetiEinod ACRSS Lyp, padard BY H -
A=A, etl= e\ B0 Ve commnad A-R-T witl T

L hwee e mee e, MR(T(aNBOD) Sher
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NYS COMMON CORE MATHEMATICS CURRICULUM - End-of-Module Assessment Task 8.2

2. Use the diagram to answer the question below.

k||!

Line k is parallel to line {. mAZEDC =41° and mZLABC = 32°, Find the m£BCD. Explain in detait how you
know you are correct. Add auxiliary lines and points as needed for your explanation,

et € B A Tewr ad L Kk 90 Tribr LDCF S R
STRINVT b, “TieN PELAvEE k//ﬂJ LEDL;LCT?Q
KD HE SR VEDSWEE, LADL HKND LCFN gmi
RMpre  INTERIOR Muans oF b BLF wWrien ME

Lo = AL (PR, AveRefoRe  LBD = 2244\ =73
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NYS COMMON CORE MATHEMATICS CURRICULUM End-of-Module Assessment Task

3. Use the diagram below to answer the questions that follow. Lines L, and L, are parallel, L|||L2. Point
M is the midpaint of segment GH.

a) If ZIHM =125°, what is the measure of ZIHJ? LJANT ANHM? .
LIHI= 55° L IMN = \28° L NUM= 1 oo

b} What can you say about the relationship between £4 and £67 Explain using a basic rigid
motion. Name another pair of anglesl with this same relationship.

/U 5 L, MRE MAEROME  IWTERIR PRGLES TiMT ARE ERAL
Bt | /L, VET R B & RommeN OF 180" AROUND .
Comrt 1. TEnt ROWD=N 5 RE)=Lg o D R =Ly RO
MRE Dearee  Prpseanns 80 REN)= L,

[2%LE BRE po4n UTERNATE ERIo  MNGUS AT

e ERuk,

¢) What can you say about the relationship between Zland £57 Explain using a basic rigid
motion, Name another palr of angles with this same relationship.

I\ %LE GRE OORESPONDING PGS THRT ARE eRVAL
gethre L /L, WU T BE e ApbNSARDD  FLODG

Jetioe B4, TveN Tho)=L, bD TELD)= 2\,

L? & LT KRE Pev  LORRESPRNDING  Brnwes Thfvr
re ERQuRL.
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NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 1

Lesson 1: Writing Equations Using Symbols

Classwork
Exercises
Write each of the following statements using symbolic language.

1. The sum of four consecutive even integers is ~28

2. A number is four times larger than the square of half the number.

3
3. Steven has some money. If he spends nine dollars, then he will have 5 of the amount he started with.

4.  The sum of a number squared and three less than twice the number is 129

1
5. Miriam read a book with an unknown number of pages. The first week she read five less than 3 of the pages. The

second week she read 171 pages and finished the book. Write an equation that represents the total number of
pages in the book.

Lesson 1: Writing Equations Using Symbaols ny
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Lesson Summary
Begin all word problems by defining your variables. State clearly what you want each symbol to represent.
Written mathematical statements can be represented as more than one correct symbolic statement.

Break complicated problems into smaller parts or try working them with simpler numbers.

Write each of the following statements using symbolic language.

1. Bruce bought two books. One book costs four dollars more than three times the other. Together, the two books
cost him 572

2. lanetis three years older than her sister Julie. Janet’s brother is eight years younger than their sister Julie. The sum

of all of their ages is 25 .
3. The sum of three consecutive integers is 1/623

4,  One number is six more than another number. The sum of their squares is 90 .

1
5.  Whenyou add 18 to% ofa number, you get the number itself,

6. When a fraction of 12 js taken away from 17 , what remains exceeds one-third of seventeen by six.

7. The sum of two consecutive even integers divided by four is 1895

8.  Subtract seven more than twice a number fram the square of ane-third of the number to get zero.

9. The sum of three consecutive integers is 42  LetX be the middle of the three integers. Transcribe the statement
accordingly.

I - 88 ,E/}E MON :E'e::::n 1: :'\;;i;ig/glgquations Using Symbols engage ny
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Lesson 2: Linear and Non-Linear Expressions in =

Ciasswark
Exercises

Write each of the following statements in Exercises 1-12 as a mathematical expression. State whether or not the
expression is linear or non-linear. If it is non-linear, then explain why.

1.  The sum of a number and four times the number.

2. The product of five and a number.

3. Multiply six and the reciprocal of the guotient of a number and seven.

4, Twice a number subtracted from four times a number, added to 15 .

5. The square of the sum of six and a number.

6. The cube of a positive number divided by the square of the same positive number.

[l SQMMON ez rerramdmon-inear gresionsio engage" s
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NYS COMMON CORE MATHEMATICS CURRICULUM . - Lesson 2 m

7. The sum of four consecutive numbers.

8.  Four subtracted from the reciprocal of a number.

9. Half of the product of a number multiplied by itself, three times.

2

10. The sum that shows how many pages Maria read if she read 45 pages of a hook yesterday and 3 of the remaining

pages today.
11. An admission fee of $10 plus an additionat 52 per game.
12. Five more than four times a number, then twice that sum.

' COMMON Lesson 2: Linear and Non-Linear Expressions in X
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Lesson Summary

Linear expressions are sums of constants and products of constants and ¥ raised to a power of 0 orl . for

1
=x+7-2
example, 4+ 3% 7x+x—15 35q2 are all linear expressions in X-

Non-linear expressions are also sums of constants and products of constants and a * raised to a power that is not
1

Problem Set

Write each of the following statements as a mathematic expression. State whether the expression is linear or non-linear.
if it is non-linear, then explain why,

1. Anumber decreased by three squared.

2. The quotient of two and a number, subtracted from seventeen.

3. The sum of thirteen and twice a number.
4. 32 more than the product of seven and a number.

5. The sum that represents tickets sold if 35 tickets were sold Monday, half of the remaining tickets were sold on

Tuesday, and 1% tickets were sold on Wednesday.
6. The product of 19 and a number, subtracted from the reciprocal of the number cubed.

7. The product of 15 and number, multiplied by itself four times.
8. A number increased by five, divided by two.
9. Eight times the result of subtracting three from a number.,

10. The sum of twice a number and four times a number subtracted from the number squared.

11. One-third of the result of three times a number that is increased by 12
12. Five times the sum of one-half and a number.
13. Three-fourths of a number multiplied by seven.

14. The sum of a number and negative three, multiplied by the number.

COMMON Lesson 2: Linear and Nen-Linear Expressions in ¥
I + CORE Date: 12/26/13 pressin eng-ageny

g1 This work Is licensed under 2

& 212 I i 5 x N - N " N
ommon Core, Inc Some rights reserved, commancore.org Creative Commons Attribution-tonComme rcial-Sharealike 3.0 Unported License.

>

&



NYS COMMON CORE MATHEMATICS CURRICULUM _ Lesson 2§V

15. The squate of the difference between a number and 10 .
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Lesson 3: Linear Equations in x

Classweork

Exercises
Is the equation true when ¥ = —3 - in other words, is —3 a solution to the equation: 6X + S=5x+8+2x 7
Explain.
1 3
- 16——x=—x+17
Does £ = 12 satisfy the equation: 2 r 3 Explain,

Chad solved the equation 24% + 4+ 2% = 3(10x — 1) and is claiming that ¥ = 2 makes the equation true. Is
Chad correct? Explain,

Lesson 3: Linear Equations in ¥
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3 — - - . x +
Lisa solved the equation * +6 =8+7X and claimed that the solution is: 3. Isshe correct? Explain.

Angel transformed the following equation from 6% +4 — x = 2(x + 1) 10 10 = 2(¢ + 1) He then stated that

the solution to the equation is ¥ = 4. Is he correct? Explain.

Claire was able to verify that T = 3 was a solution to her teacher’s linear equation, but the equation got erased

from the board. What might the equation have been? Identify as many equations as you can with a solution of X = 3.

Does an equation always have a solution? Could you come up with an equation that does not have a solution?

COMMON Lesson 3: tinear Equations in X
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Lesson Summary

Equations are statements about equality. If the expression on the left side of the equal sign has the same value as
the expression on the right side of the equal sign, then you have a true equation,

A solution to a linear equation in * is a number, such that when all instances of ¥ are replaced with the number

’

the left side will equal the right side. For example, ¥ = 2 isa solution to 3¥ + 4+ = ¥ + 8 hecause the left side
of the equation is

3x+4=32)+4
and the right side of the equation is

x+8=2+8

since 10 =10 then® =2 js5a solution to the linear equation3¥ +4¢=x+8

Problemn Set

1. Giventhat2x+7 =27 and3x+1=28 goes2Xx +7 = 3x+1 7 Explain.

Is =5 asolution to the equation: 6X +5=5x+8+2x » Explain.

X

6—4x = -~

Does ¥ = 1B satisfy the equation: 47 Explain,

Use the linear equation 3¢ +1)=3x +3  to answer parts (a){d).
a. Does ¥ = 3 satisfy the equation above? Explain.

b. 15X =8 asolution the equation above? Explain.

1
X o= =
c ks 2 a solution the equation above? Explain.
d. What interesting fact about the equation 30 + 1} = 3% + 3 isilluminated by the answers to parts (a), (h),

and {c)? Why do you think this is true?

Lesson 3: Linear Equations in ¥
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Lesson 4: Solving a Linear Equation

itasswork
Exercises

For each problem, show your work, and check that your solution is correct.

1. Solve the linear equation: £+ X+ 2+ x+ 4+ x+ 6 = —28. siate the property that justifies your first step
and why you chose it.

2. Solve the Jinear equation: 2BX +2)=2x— 1+ | statethe property that justifies your first step and why you
chose it.
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g 3
X—9==x,
5

3.  Solve the linear equation: State the property that justifies your first step and why you chose it

4.  Solve the linear equation: 29— 3x =3x+5 _ statethe property that justifies your first step and why you chose

it.
1
. . —x—0+171=1x o )
5.  Solve the linear equation: 3 State the property that justifies your first step and why you chose
it.
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Lesson Summary

The properties of equality, shown below, are used to transform equations inte simpler forms. If4, B, € are
rational numbers, then

. ifA =28 thenA+C=B+C Addition
Property of Equality
" fA=8B, thend—C=EB—C
Subtraction Property of Equality
. fA =B, thend-€C=8-0C
Multiplication Property of Equality
4 r

Probilem Set

For each problem, show yvour work and check that your solution is correct.

1. Solve the linear equation: X + 4+ 3x = 72. state the property that justifies your first step and why you chose it,

2. Solve the linear equation: X + 34 x—8+x =055 statethe property that justifies your first step and why you

chose it.
1 1
=¥+ 10 = ——x + 54.
3. Solve the linear equation: 2 4 State the property that justifies your first step and why you
chose it.
1
, ) —x+ 18 = x. N : .
4. Solve the linear equation: # State the property that justifies your first step and why you chose it.

1
1?—x:§-15+6.

5. Solve the linear equation: State the property that justifies your first step and why yvou

chose it.
X+x+2
: o e = 1895 _— .
6. Solve the linear equation: 4 . State the property that justifies your first step and why you
chose it.

7. Alysha solved the linear equation: 2% —3 —9X = 144 % — 1. Her work is shown below. When she checked
her answer, the left side of the equation did not equal the right side. Find and explain Alysha’s error, and then solve
the equation correctly.

2x—-3—-9x =144+ x—-1
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—6x—34+3=13+34+2x
—6x =16+ 2x
—6x+2x =16

—4x =16
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Lesson 5: Writing and Solving Linear Equations

Classwork

Example 1

One angle is five less than three times the size of another angle. Together they have a sum of 143" | What
are the sizes of each angle?

Example 2

Given a right triangle, find the size of the angles if one angle is ten more than four times the other angle and
the third angle is the right angle.

COMMON Lesson 5; Writing and Solving Linear Equations
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Exercises
For each of the following problems, write an equation and solve.

1. A pair of congruent angles are described as follows: the measure of ane angle is three more than twice a number

and the other angle’s measure is 54.5 |ess than three times the number, Determine the size of the angles.

2. The measure of ane angle is described as twelve more than four times a number. Its supplement is twice as large.
Find the measure of each angle.

3. Atriangle has angles described as follows: the first angle is four more than seven times a number, another angle is
four less than the first and the third angle is twice as large as the first. What are the sizes of each of the angles?
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4. One angle measures nine more than six times a number. A sequence of rigid motions maps the angle onto another
angle that is described as being thirty less than nine times the number. What is the measure of the angles?

5. Aright triangle is described as having an angle of size “six less than negative two times a number,” another angle
that is “three less than negative one-fourth the number”, and a right angle. What are the measures of the angles?

6. COneangle is one less than six times the size of another. The two angles are complementary angles. Find the size of
each angle.
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Broblem S

For each of the following prohlems, write an equation and solve.

1. The measure of one angle is thirteen less than five times the measure of another angle. The sum of the measures

of the two angles is 140" | petermine the measures of each of the angles.

2. Anangle measures seventeen more than three times a number. Its supplement is three more than seven times the
number. What is the measure of each angle?

3. The angles of a triangle are descrihed as follows: 2A isthe largest angle, its measure is twice the measure of
£8 . The measure of £C i3 2 less than half the measure of £5. Find the measures of the three angles.

4. A pair of corresponding angles are described as follows: the measure of one angle is five less than seven times a
number and the measure of the other angle is eight more than seven times the number. Are the angles congruent?
Why or why not?

5. The measure of one angle is eleven more than four times a number. Another angle is twice the first angle’s

measure. The sum of the measures of the angles is 195" | what is the measure of each angle?

6. Three angles are described as follows: 2B s half the size of 283 . The measure of 28 s equal to one less than

2 times the measure of £B | Thesumof £4 and £B is 114 | Can the three angles form a triangle? Why or
why not?
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Lesson 1: Writing Equations Using Symbols

Student Ouicomes
*  Students write mathematical statements using symbols to represent numbers,

= Students know that written statements can be written as more than one correct mathematical sentence.

basaon Motes

The content of this lesson will continue to develop the skilis and concepts presented in Grades 6 and 7. Specifically, this
lesson builds on both 6.EE.B.7 (Solve reat world and mathematical problems by writing and solving equations of the form

X+P=q and PX = §)» and 7.EE.B.4 (Solve word problems leading to equations of the form PX + @ =7 and
px+q) =1}

Classwork
Discussion {4 minutes)

Show students the text of a mathematical statement compared to the equation.

The number 1,157 is the sum of the squares of 1157 = x2+ G +2)
two consecutive odd integers divided by the ' G+2)=-x
m difference between the two consecutive odd

integers.

Ask students to write or share aloud (a} how these two are related, (b) which representation they prefer, and {¢) why.
L Then, continue with the discussion that follows.

*  Using letters to represent numbers in mathematical statements was introduced by René Descartes in the 1600s.
In that era, people used only words to describe mathematical statements. Use of letters, or symbols, to
represent numbers not enly brought clarity to mathematical statements, it also expanded the horizons of
mathematics.

*  The reason we want to learn how to write a mathematical statement using symbols is to save time and labor,
Imagine having to write the sentence: “The number 1,157 isthe sum of the squares of two consecutive odd
integers divided by the difference between the two consecutive odd integers.” Then, imagine having to write
the subsequent sentences necessary to solve it; compare that to:

Let X represent the first odd integer. Then,
x4+ O +2)7
x+2)-x

= Notice that ¥ is just a number. That means the square of X is also a number, along with the square of the
next odd integer and the difference between the numbers. This is a symbolic statement about numbers.

1,157 =
*  Writing in symbols is simpler than writing in words, as long as everyone involved is clear about what the

= COMM .| Lessont: riting Equations Using Symbols
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symbals mean. This lesson focuses on accurately transcribing written statements into mathematicat symbols.
When we write mathematical statements using letters, we say we are using symbolic language.

' COMMON Lesson 1; Writing Equations Using Symbols
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NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 1

*  All of the “mathermatical statements” in this lesson are equations, Recall that an equation is a statement of
equality between two expressions. Developing equations from written statements forms an important basis for
problem solving and is one of the most vital parts of algebra. Throughout this module, there will be work with
written statements and symbolic language. Students work first with simple expressions, then with equations
that gradually increase in complexity, and finally with systems of equations {more than one equation at a time).

Example 1 (3 minutes)

Throughout Example 1, have students write their thoughts on persanal white boards or a similar tool and show you their
transcription(s).

" We want to express the following statement using symbolic language: A whole Scaffolding:
number has the property that when the square of half the number is subtracted = Alternative written
from five times the number, we get back the number itself, statement:

* A whole number has the

= Do the first step, and hold up your white board.
property that when half

o First, we define the variable. Let X be the whole number. the number is added to
= Using ¥ torepresent the whole number, write “the square of half the number.” 13 I;‘ we get the number
itself,

N IR R S B 9 _ Bet1s=s

Ask students to write their expression in more than one way. Then, have students share their expressions of “the square
of half the number.” Elicit the above responses from students {or provide them). Ask students why they are all correct.

" Write the entire statement: A whele number has the property that when the square of half the number is
subtracted from five times the number, we get back the number itself,

. Sx—Gr:x

Challenge students to write this equation in another form. Engage in a conversation about why they are both correct.
For example, when a number is subtracted from itself, the difference is zero. For that reason, the equation above can be

1
, 51— G) -x=0
written as .

Example 2 {4 minutes)

Throughout Example 2, have students write their thoughts on personal white boards or a
similar tool and show you their transcription{s). Scaffolding:

=  We want to express the following statement using symbolic language: Paulo has You may need to remind
. 1 students that we do not have

to put the multiplication
symbol between a number and
a symbol. Itis not wrong if we

a certain amount of money. If he spends SiX dollars, then he has 4 of the
original amount left.

=  Whatis the first thing that must be done before we express this situation using include it, but by convention (a
symbols? common agreement), it is not
o We need to define our variables; that is, we must decide what symbof to necessary.

88!\]{/}3 MON ::eas:::n 1: \;.\;:{i;igflgquations Using Symbols engage ny
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use and state what it is going to represent.
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NYS COMMON CORE MATHEMATICS CURRICULUM lesson 1

= Suppose we decide to use the symbol X . We willlet X be the amount of money Paulo had originally. How do
we show Paulo’s spending 6 dalfars using symbols?

o To show that Paulo spent 6 dollars, we write: ¥ — 6.
1
*  How do we express: “he has 4 of the original amount”?
1

o We can expressitas: %

= Put the parts together to express: “Paulo has a certain amount of money. If he spends & dollars, then he has
1

4 of the original amount left.” Use ¥ to represent the amount of money Paula had originally.

Xr—6=—x,
4

Challenge students to write this equation in another form. Engage in a conversation about why they are both correct.
For example, students may decide to show that the six dollars plus what he has left is equal to the amount of money he

1
Xx=—x+6
now has. In symbols: 4

Example 3 (8 minutes)

Throughout Example 3, have students write their thoughts on personal white boards or a similar tool and show you their
teanscription(s).

= We want to write the following statement using symbolic language: When a fraction of 57 jstaken away from

2

57 , what remains exceeds 3 of 57 by 4 . Scaffolding:

*  The first step is to clearly state what we want our symbol to represent, If we ®  Alternative written
choose the letter X , then we would say: “Let X be the fraction of 7 ” because statement: )
that is the number that is unknown to us in the written statement, Itis " When anumberis taken
acceptable to use any letter to represent the unknown number, but regardless of away from 57 , what
which letter we use to symbolize the unknown number, we must clearly state remains is four more than
what it means. This is called defining our variables, 3 times the number.

=  The hardest part of transcription is figuring out exactly how to write the = S57T-—x=5r+4

statement so that it is accurately represented in symbols. Begin with the first part of the statement; “When a

fraction of 57 s taken away from 57 " _how can we capture that information in

symbols? Scaffolding:
If students have a hard time
o Students should write: 57 — X. thinking about these
2 transcriptions, give them
»  How do we write 3 of 57 ? something easier to think
2 2 . about. One number, say 10 |
° Ifwe ore trying to find 3 of 57 , then we multiply 3~ . exceeds another number, say
6 by ¥ . Isitaccurate to
represent this by:
10-4=863>
COMMON Lesson 1: Writing Equations Using Symbols _
I “ CORE Date: 12/26/13 10=6+47 15
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2
_ 57 —x ==.577
" Would i be accurate to write: 3

2
o No, because we are told that “what remains exceeds 3 of 57 by I

2

*  Where does the ¥ belong? “What remains exceeds 3 of 57 by 4 7 Think about what the word exceeds
2

means in the context of the problem. Specifically, which is bigger: 57— X or 3 of ®7 ? Howdo you know?
2

a 57-x g bigger because 27 — X exceeds 3 of 57 by % . That means that 27 — X s % more
2

than 3 of 57,
z 57
»  Weknowthat 37 — % s biggerthan3 =~ by % . What would make the two numbers equal?
2 .
‘ & from 57 — 4,3
o We either have to subtract * from Xeoradd® to 3 to make them equal.

2 2
7-x})—-4=—-+57, 57—-x=—--57+4
*  Now,if ¥ isthe fraction of 37 , then we could write G ) 3 or 3 .

Which is correct?

o Both transcriptions are correct because both express the written statement accurately.

(57-x)-§-5?=4.

»  (Consider this transcription:
written statement?

Is it an accurate transcription of the information in the

2
— 5?
o Yes, becouse 57 - x s bigger than 3 by ¥ . That means that the difference between the two

numbers is 4 . If we subtract the smaller number from the bigger number, we have a difference of 4
and that is what this version of the transcription shows,

Example 4 (4 minutes}

Throughout Example 4, have students write their thoughts on personal white boards or a

similar too] and show you their transcription(s). Scaffolding:
= We want to express the following statement using symbolic fanguage: The sum Explain that consecutive means
of three consecutive integers is 372 | one after the next. For
» Do the first step, and hold up your white board. example, 18,19 and 20

are consecutive integers.

Consider giving students a

» Hwelet* represent the first integer, what do we need to do to get the next number and asking them what
consecutive integer? the next consecutive integer

o et X be the first integer.

o  IfX jsthe firstinteger, weadd 1 to X to get the next integer.
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*  Insymbols, the next integer would be ¥ + 1. What do we need to do now to get the next consecutive integer?
o Weneedtoadd 1 tothatinteger,or ¥+ 1+ 1  thisis the same as X T 2.
"  Now express the statement: The sum of three consecutive integers is 372

o r+x+1l+4+x+2 =372

Students may also choose to rewrite the above equation as 3% + 3 = 372. Transforming equations, such as this, will be
a facus of the next few lessons when students begin to solve linear equations. Ask students why both equations are
correct.

Example 5 (3 minutes)

Throughout Example S, have students write their thoughts on personal white boards or a similar tool and show you their
transcription(s).

¥ We want to express the following statement using symbolic language: The sum Scaffolding:
of three consecutive odd integers is 93 . Consider giving kids an odd
= Do the first step, and hold up your white board. number, then asking them
o letX be the first integer. what the next consecutive odd

number is. Then ask student
what they need to add to go
from the first number to the

o IfX s the first integer, we add 2 to X to get the next odd integer. second number,

= ifwelet ¥ represent the first integer, what do we need to do to get the next
consecutive odd integer?

= Insymbols, the next odd integer would be ¥ + 2. What do we need to do now to get the next odd consecutive
integer?

°  We needtoadd 2 to that integer, or * + 2+ 2, this is the same as X + +-
»  Now express the statement: The sum of three consecutive odd integers is 372,
o xr+x+24x+4=093

*  Represent the statement “The sum of three consecutive odd integers is 93 ” in another way. Be prepared to
explain why both are correct.

o Answers will vary. Accept any correct answers and justifications. For example, students may write
G+ x+ 20+ 6 =93 gnd state that it is equivalent to the equation ¥ + x+ 2+ x + 4 = 93,

Because the Associative and Commutative properties of addition were applied, those properties do not
change the value of an expression.

Exercises 1-5 {10 minutes)

Students complete Exercises 1-5 independently or in pairs.

Exercises 1-5

Write each of the following statements using symbolic language.

COMMON | 1esson1: Writing Equations Using Symbols
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1. The sum of four consecutive even integersis — 28 |

tet® be the first integer. Then, X + X + 2424+44x+6=-28.

2. Anumber is four times larger than the square of haif the number.

( ) -
Let X be the number. Then, 2

3

3.  Steven has some money. Ifhe spends MEFLE dallars, then he will have 3 of the amount he started with.

x—9=-x
Lot X be the omount of money Steven started with. Then, 5

4.  The sum of a number squared and three less than twice the number is 129 .

tet X be the number. Then, xZ +2x-3=129.

Lesson Summary

Begin ali word problems by defining your variables. State cieariy what you want each symboi to represent.

Written mathematical statements can be represented as more than one correct symbolic statament.

Break complicated problems into smaller parts or try working them with simpler numbers.

1
5.  Miriam read a book with an unknown number of pages. The first week she read five less than § of the pages. The

second week she read 171 pages and finished the book. Write an equation that represents the total number of
pages in tha book.

1
ax—53+171 =x.

tet X be the total number of puges in the book. Then, 3

Closing (4 minutes)
Summarize, or ask students to summarize, the main points from the lesson:

*  We know how to write mathematical statements using symbolic language.
» Written mathematical statements can be represented as more than one correct symbolic statement,
*  We must always begin writing a symbolic statement by defining our symbols {variables).

*  Complicated statements should be broken into parts or attempted with simple numbers to make the
representation in symbolic notation easier.
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Exit Ticket (5 minutes)

[ SORMON | smons: ot cauntons s symbols engage™ =

£ 2013 Comnmen Core, Inc. Some rights reserved, COMMONCOre.org E@ BY-NC-54 This work is licansed unf:ler ?

reatlve Commons Attribution-NenCormmerclal-Shareslike 3.0 Unported License.



NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 1

Name Date

Lesson 1: Writing Equations Using Symbols

it Ticket

Write each of the following statements using symbolic language.

1. When you square five times a number you get three more than the number.

2. Monica had some cookies. She gave seven to her sister. Then, she divided the remainder in half, and she still had
five cookies.
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Exit Ticket Sample Solutions

Write each of the following statements using symbolic language.

1. When you sguare five times a number you get three more than the number,
2 .. -
tet X be the number. Then, (OXI” = x + 3.

2, Monica had some cookies. She gave seven to her sister. Then, she divided the remainder in half, and she still had
five cookies.

i(x -7)=3.
e R R THE BT TR Of COORIEE THEN, 2

Problem Set Sample Solutions

Students practice transcribing written statements into symbolic language.

Whrite each of the following statements using symbolic language.

1. Bruce bought two books. One book costs four dollars more than three times the other. Together, the two boaoks

cost him $72 .

tet X pe the cost of the less expensive book, Then, X T 4+3x=72

2, Janetis three years older than her sister Julie, Janet’s brother is eight years younger than their sister Julie. The sum

of all of their ages is 55 .

tet® pe suie’s age. Then, ¥ +3 +% — 8 + 2 =55,

3.  The sum of three consecutive integers is 1- 623 .

tet X be the firstinteger, Then, X + X + 1 +x + 2 = 1,623.

4.  One number is six more than another number. The sum of their squares is 20 .
Z Z _
tet X be the smaler number. Then X~ + (x + 6)* = 90,

1
5. When you add 18 to 4 of anumber, you get the number itself,

1
tet* pe the number. Then, ¢k

6.  When a fraction of 12 is taken away from 17 , what remains exceeds one-third of seventeen by six.

1
tet x be fhefracﬁon of 12 . Then, 17 —-— X = § - 17 + 6'

7. The sum of two consecutive even integers divided by fouris 189.5 .
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r+x+2

=189.5
tet X bpe the first even integer. Then, 4 .

8.  Subtract seven more than twice a number from the square of one-third of the number to get zero.

2
_x} -@x+7)=0.

C
tet X pe the number. Then, 3

9.  The sum of three consecutive integers Is 42 . ket X be the middle of the three integers. Transcribe the
statement accordingly.

x—1+x+x+1=42.
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Lesson 2: Linear and Non-Linear Expressions in x

Student Outcomes

Students know the properties of linear and non-linear expressions in -

*  Students transcribe and identify expressions as linear or non-finear.

Classwaork
Discussion {4 minutes)

A symbolic statement in £ with an equal sign is called an equation in ¥+ The equal sign divides the equation
into two parts, the left side and the right side. The two sides are called expressions.

*  For sake of simplicity, we will only discuss expressions in s but know that we can write expressions in any

symbol,

The following chart centains both linear and non-linear expressions in X . Sort them into two groups and be
prepared to explain what is different about the two groups.

7
Sx + 3 ~Bx+§~—3 9~

2
4xi~9 031x+7 —4.2x g) +1
116+ 2¥ —(6-%)+15—0x TH+x~443x

Linear expressions are noted in red in the table below.

5x+3 ; g9 — x2
—814'6"" 3
3
4x3—9 031x +7 — 4.2x G) +1
11G+2) —(E—-x)+15—9x 7+x7%+ 3x

Identify which equations you placed in each group. Explain your reasoning for grouping the equations.

= Equations that contained an exponent of X other than 1 were put into one group. The other

eguations were put into another group. That seemed to be the only difference between the types of
equations given.

Linear expressions in ¥ are a special type of expression. Linear expressions are expressions that are sums of
constants and products of a constant and X raised to a power of I, which simplifies to a value of 1. Non-
linear expressions are also sums of constants and products of a constant and a power of ¥ . However, non-

finear expressions will have a power of ¥ thatisnotequaltol or 0 .
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* The reason we want to be able to distinguish linear expressions from non-linear expressions is because we will
soon be solving linear equations. Non-linear equations will be a set of equations you learn to solve in Algebra
I, though we will begin to solve simple nen-linear equations later this year (Modulte 7). We also want to be
able to recognize linear equations in order to predict the shape of their graph, which is a concept we will learn
more about later in this module.

Example 1 (3 minutes)

= Alinear expression in X is an expression where each term is either a constant, an %+ or a product of a constant
and ¥ For example, the expression {57 —x) is a linear expression. However, the expression
2x* +9x +3 s not alinear expression. Whyis 2X* + 9%+ 3 not a finear expression in X7
o Students should say that 2% *+9x+5 jspotalinear expression because the terms of linear
expressions must either be o constant, an X+ or the product of a constant and X+ The term 2% ? does

not fit the definition of a linear expression in X-

Scaffolding:
Example 2 {4 minutes} *  Terms are any product of
c an integer power of *
= let's examine the expression 4+3x° more deeply. To begin, we want to and a constant or just a
identify the terms of the expression. How many terms are there, and what are constant.
they? » Constants are fixed
o There ore two terms, ¥ and 3x%. numbers. .
=  When aterm is the
* How many terms are comprised of just constants, and what are they? product of a constant(s)
o There is one constant term, . and a power of X , the
*  How many terms have coefficients, and what are they? constant is called a

LR

a  There is one term with a coefficient, 3 .
5 . . _
« 154+ 3% 3linear or non-linear expression in %? Why or why not?

a  The expression 4+ 3x° js g non-tinear expression in X ‘because it is the sum of a constant and the

product of o constant and positive integer power of X = 1.

Example 3 {4 minutes)

«  How many terms does the expression 7% + 9 +6+3% have? What are they?
°  Asis, this expression has ¥ terms: TX, %6, gna 31 |
* This expression can be transformed using some of our basic properties of numbers. For example, if we apply
the Commutative Property of Addition, we can rearrange the terms from 7¥ + 94+ 643y o
7x + 3x + 9+ 6. First, we can apply the Associative Property of Addition: '
Tx+30)+{9+6)
MNext, we apply the Distributive Property:
+3)x+{9+6)

I - Eg%MON ;eas:;n 2 Iigx;;g{i;d Non-Linear Expressions in ¥ eng.ag-e ny 21 .
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Finally,
10x+15
= How many terms with coefficients does the expression 10x + 15 have? whatare they?

o The expression has one term with a coefficient, 10x | ror this term, the coefficient is 10
= is10x + 15 5 iinear or non-linear expression in ¥ 7 Why or why not?

The expression 10% + 15 s o finear expression in X because it is the sum of constants and products

o

that contain X to the 1 power.

Example 4 (2 minutes)
*  How many terms does the expression 5+ 9% - 7 + 2X® haye? what are they?
o The expression has three terms: 3, 9% -7  gng 227
* How many terms with coefficients does the expression §4+9x-7+ 2% have? What are they?
o The expression has two terms with coefficients: 63X and 2% The coefficients are €3 and 2 .

= 155+9%-7+ 247 3linear or non-linear expression in ¥ ? Why or why not?

. g . N P - oy s
The expression 2+ 9%« 7+ 2x% s g non-linear expression in ¥ becouse it is the sum of constants

and products that contain X raised to a power that is greater than 1 .

Examgple 5 (2 minutes)

o 15944+ 2+ 457% - 2 4linear or non-linear expression in X ? Why or why not?

o Students may first say thot it is not a linear nor non-linear expression in X because of the — 2 .
Remind them that subtraction can be rewritten as a sum, ie, 1 (_2) ; therefore, this expression does
[fit the definition of non-linear,

Exampie & (2 minutes)
N . I
* Isthe expression ¥~ + 9% — 4 jlinear expression in X7
ok o 1,
o Yes, X1 +9x — % j5qlinear expression in X because X~ is the same as X-
*  What powers of ¥ are acceptable in the definition of a linear expression in X7

o Only the power of 1 is acceptable because X ! is, by definition, just X-

Exercises 1-12 {14 minutes)

Students complete Exercises 1-12 independently.
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8e4

je"y

Exercises 1-12
Write each of the following statements in Exercises 1-12 as a mathematical expression. State whether or not the
expression is linear or noninear. Ifit is non-linear, then explain why.
1.  The sum of a number and four times the number.
tet X be g number; then, ¥ + 4x is a linear expression.
2.  The product of five and a number.
tet X be g number, then 3% s a linear expression.
3. Multiply six and the raciprocat of the quotient of a number and seven,
7 7 1
6-—- et
tetX beo her,.then... X _isanon-lineor expression.The horX. X is the reason
it is not a lineor expression. The exponent of the X s the reason it Is not linear.
4.  Twice a number subtracted from four times a number, added to 15 .
tet X be a number, then 15+ (4'x - zx} is o linear expression,
5. The square of the sum of six and a number.
2 2
tet X be a number, then (x + 6) is a non-finear expression. When you multiply (x + 6) , you get
2 z
X%+ 12x + 36. 750 X° s the reason it is not a linear expression.
6. The cube of a positive number divided by the square of the same positive number.
1’3
tet X be a number, then xz is o non-fineoar expression. However, if you simplify the expression to just X , then
itis fineor.
7. The sum of four consacutive numbers,
tet X be a number, then x+x+14+x+24x+4 3 Is @ linear expression.
8.  Four subtracted from the reclprocal of a number.
1 1
—-— = -£
tetX pea mumber, then X is o non-finear expression, The term X is the same as x , which is why this
1
expression is not linear. 1€ is possible that o student may let X pe the reciprocal of a number, X, which would
muoke the expression linear.
9.  Half of the product of a number multiplied by itself, three times.
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Lesson Summary

Linear expressions are sums of constants and products of constants and ¥ raised to a power of 0 or 1 . For

1
example,4+3x ,7x+x -15 ,andix-'-?_2

are all linear expressions in X.

Non-linear expressions are also sums of constants and products of constants and a  raised to a power that is not
A

1 1
SeX XX ZexX-X-X
tet X be g number: then, 2 is not a linear expression, The term 2 is the same as

1.,

2, whichis why this expression is not fineor.

2

10. The sum that shows how many pages Maria read if she read 45 pages of a book yesterday and 3 of the
remaining pages today.

+ -x
tet X be the number of remaining poges of the book, then 3 is o lineor expression.

11. An admission fee of $10 plus an additional 32 per game,

tet X e the number of games, then 10 + 2X s g tinear expression.

12. Five more than four times a number, then twice that sum.

Ltet X be the number, then Z @x + 5) s g tineor expression,

Closing {5 minutes)
Summarize, or ask students to summarize, the main points from the tesson:

»  We have definitions for linear and non-linear expressions.
= We know how to use the definitions to identify expressions as linear or non-linear.

= We can write expressions that are linear and non-linear.

Exit Ticket (5 minutes)

- CORPMON g e engage™ =

This work is licensed under a
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License,

& 2013 Camman Core, {he. Some rights reserved, commoncore.org




NYS COMMON CORE MATHEMATICS CURRICULUM - - Lesson2 g1}

Name Date

Lesson 2: Linear and Non-Linear Expressions in »

Fuit Ticket

Write each of the following statements as a mathematic expression. State whether the expression is a linear or non-

linear expression in X«

1. Seven subtracted from five times a number, then the difference added to nine times a number.

2. Three times a number subtracted from the product of fifteen and the reciprocal of a number,

3. Half of the sum of twe and a number multiplied by itself three times.
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Exit Ticket Sample Solutions

Write each of the following statements as a mathematic expression. State whether the expression is a linear or non-

{finear expression in X,

1. Seven subtracted from five times a number, then the difference added to nine times a number.

tet ¥ be anumber, (OX — 7)+ 9x.

The expression is o linear expression,

2. Three times a number subtracted from the product of fifteen and the reciprocal of a number,

1
15-- -3x

Let X be g number. x .

The expression is o non-linegr expression.

3. Half of the sum of two and a number multiplied by itself three times.

1o,

letA beanumber. L™ b

The expression is a non-linear expression.

Probien: St sample Solutions

Students practice writing expressions and identifying them as linear ¢r non-linear.

Write each of the following statements as a mathematic expression, State whether the expression is linear or non-linear.
If it is non-linear, then explain why.

1. Anumber decreased by three squared.

2
tet X be o number, then X — 3% is o linear expression.

2. The quotient of two and a number, subtracted from seventeen,

2 2 1
17 — - = Z .=
tet X beo number, then X is o non-linear expression. The term X is the same as X and
LIy
x That Is why it is not a linear expression.

3.  The sum of thirteen and twice a number.

tet X beanumber, then 13 + 2X s g tinear expression,

. 5.2

maore than the product of seven and a number,
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tet X be o number, then 5.24+7x is g linear expression.

S, The sum that represents tickets sold if 35 tickets were sold Monday, half of the remaining tickets were sold an -
Tuesday, and 14 tickets were sold on Wednesday.

1
35 +§-x+14

tet® bethe remaining number of tickets, then is a Hinear expression,

6.  The product of 19 and a number, subtracted from the reciprocal of the number cubed.

1 1
- 19x - «3
tet X pe a number, then X is @ non-finear expression. The term X3 is the sameas ® ~« Thatis

why it Is not o Hinear expression,

7. The product of 15 and number, muitiplied by itself four times.

4 4 4
tetX heq number, then (15}5} is a non-fineor expression. The expression can be written os 15% -x*,

The exponent of 4 Lith a base of X is the reason it is not linear.

8. A number increased by five, divided by two.
x4+ 5

tet X beonumber, then 2 is a linear expression.

9. Eight times the result of subtracting three from a number,

tet® bea number, then 8(x - 3) is a linear expression.

10. The sum of twice a number and four times a number subtracted from the number squared.

2 2
tet X pe o number, then X° — (ZX + 4”‘) is o pon-finear expression, The term X" s the reason it is not
finear.

11,  One-third of tha result of three times a number that is increased by 12 .
1
=Bx +12)

fet® peg number, then 3 is a linear expression.

12, Five times the sum of ane-half and a number.

5 G— +x )
tetX beo number, then is o linear expression.

13. Three-fourths of a number multiplied by seven.
3

x —x-7 _ )
Let be o number, then 4 Is o linear expression.
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14. The sum of a number and negative three, multiplied by the number,

— - o 2
tetX be o number, then (x + ( 3))1 is o non-linear expression because (x + ( 3))17 =X —3x

2
ofter using the distributive property. it s non-linear because the power of X intheterm X" is greater than 1 .

15. The square of the difference between a number and 10 .

2
tetX pea number, then (x - 10) is a non-finear expression because

2 — w2 2z
(x - 10} = 2* —20x + 100. The term % Is o positive power of x>1 ; therefore, thisis anot g

finear expression.
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Lesson 3: Linear Equations in «

Student Outcomes

s Students know that a linear equation is a statement of equality between two expressions.

* Students know that a linear equation in ¥ is actually a question: Can you find alt numbers ¥ | if they exist, that

satisfy a given equation? Students know that those numbers X that satisfy a given equation are called
solfutions.

Classwaork

Concept Development (7 minutes}

*  We want to define “linear equationin X .” Here are some examples of linear Scaffolding:
equations in X . Using what you know about the words finear {from Lesson 2) Consider developing a word
and equation (from Lesson 1), develop a mathematical definition of “linear bank or word wall to be used
equationin X throughout the module.

Show students the examples below, and provide them time to work individually or in small

groups to develop an appropriate definition. Once students share their definitions, cantinue with the definition and
discussion that follows.

¥+11 =15 5+3=g -%xzzz

4 3
15—4x:x+§ 3-(r+2)=-12x Ix+6(x—1)=9(2—x)

*  When two linear expressions are equal, they can be written as a linear equation in X-
* Consider the following equations. Which are true, and how do you know?
4+1="5
-6+5=16
21—-6=15
6-2=1

o The first and third equations are true because the vaiue on the left side is equal to the number on the
right side.

o 154+ 15X =49 trye? How do you know?
Have a discussion that leads to students developing a list of values for ¥ that make it false, along with one value of

X that makes it true. Then, conclude the discussion by making the twe points below.

» Alinear equationin X is a statement about equality, but it is also an invitation to find all of the numbers X , if
they exist, that make the equation true. Sometimes the question is asked in this way: What number(s)
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X satisfy the equation? The question is often stated more as a directive: Solve. When phrased as a directive,
it is still considered a question. Is there a number(s} * that make the statement true? If so, what is the
number(s) X ?

«  Equations that contain a variable do not have a definitive truth value; in other words, there are values of the
variable that make the equation true and values that make it false. When we say that we have “solved an

equation,” what we are really saying is that we have found a number (or numbers} X that makes the linear

equation true. That number ¥ is called the solution to the linear equation.

Example 1 {4 minutes)

» Hereis alinear equationin X : 4+ 15x =49  The guestion is, is there a

Scaffolding:
number X that makes the linear expression 4 + 15X equal to the linear Remind students that when a
expression 49 ? Suppose you are told this number ¥ has avalue of 2 , i.e., number and a symbol are next
x = 2. We replace any instance of ¥ in the linear equation with the value of to one another, such as 15X,
2 | as shown: we do not need to use a

symbol to represent the
4+15-2=49 multiplication {it is a
Next, we evaluate each side of the equation. The left side is convention}. For clarity, when
: two numbers are being

multiplied, we do use a
multiplication symbol. Itis
necessary to tell the difference
4+15.-2=4+30 : between the number, 152

= 3+ A m

The right side of the equation is 49 Clearly, 34 £ 49 _ Therefore, the number 2 is not a solution to this
equation.

* Isthe number 3 a solution to the equation, i.e., is this equation true when X = 3?
o Yes, because the left side of the equation equais the right side of the equation:
The left side is

4+15-3=4+45
=49

The right side is 49 . Since 43 = 49 | then we caon say that * = 3 is g solution to the equation
4+ 15x = 49,

« 3 jsasolution to the equation because it is a value of X that makes the equation true.
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Example 2 {4 minutes)

= Hereis a linear equation in ¥ : 8% — 19=—4—-7x

e Is3 3solution to the equation? Thatis,is ¥ = 3 a solution to the equation?

5 No, because the left side of the equation does not equal the right side of the equation:
The left side is

8-5—19=40—19
=21
The right side is

~4-7.5=-4-35
= -39
Since 21 & —39  then X # 5.

= 151 asolution to the equation? That is, is this equation true when ¥ = 1 2

o Yes, the left side and right side of the equation are equal to the same number.
The left side is

8-1—19=8-19
=-11
The right side is

—4—71=-4-7

Since =11 =—11 tphenx = 1.

Example 3 {4 minutes}

= Hereisalinearequationin® ; 3@ +9)= #x -7+ 7x

l 0 ESARAEMON l;:sts;n& klj;fza;!i(;uatiuns inx eng.ag-eny | 30
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= We can make our work simpler if we use some properties to transform the expression on the right side of the
equation into an expression with fewer terms-

Provide students time to transform the equation into fewer terms, then proceed with the points below.

m = For example, notice that on the right side there are two terms that contain * . First, we will use the
Commutative Property to rearrange the terms to better see what we are doing:
4&x+ Fx—7

Mext, we will use the distributive property to collect the terms that contain X

A+ —T=@A+Tw—7

=11x-7
Finally, the transformed (but still the same) equation can be written as: I+ =11x -7
5 5

_ xX=
* |s 4 asclution to the equation? That is, is this equation true when 47?

e No, because the jeft side of the equation does not equal the right side of the equation:
The left side is

o))

_ 123
T4
The right side is
5 55
11 —=7=—-17
4 4
_ 27
'y

123 27 5
N # x*E =
Since 4 4 , then 4

Example 4 {4 minutes)

» Hereisalinear equationin ¥ : =2t +11—3x =5—-6x

We want to check to see if & is a solution 1o the equation, i.e., is ¥ = 6 a solution to the equation? Before we
do that, what would make our work easier?

o We could use the Commutative and Distributive Properties to transform the left side of the equation
into an expression with fewer terms.
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—2x+11—5x=—-2x-5x+11

=(-2-5x+11

=-7x+11

» The transformed equation can be written as: ~7¥ +11 =5—6x 156 3 solution to the equation, i.e., is
this equation true when ¥ = & 2
o Yes, because the left side of the equation is equal to the right side of the equation:
The left side is '

- +11=-7.6+11

= =424+ 11
= —31
The right side is

S5—6x=5—6-6

=5—36
=-31
Since =31 = —31 thenx = 6.

Exercises 1-6 (12 minutes}
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Students complete Exercises 1-6 independently.

Exercises 1-6
1. s the equation true when X = -3 ; in other words, is — 3 a solution to the equation:

6¥+5=5x+8+2x, Explain,

if we replace X with the number ™ 3 , then the left side of the equation is

6--3)+5=-18+5
=-13

and the right side of the equation is

5.(-3)+8+4+2-(-3)=-1548-6

=-7-%
=-13

since ~13 = =13  then X = =3 50 solution to the equation 6x+ 5 =5x+8+2x.

Note: Some students may have tronsfermed the equation.

1 3
—sx=—x+1?
2. DoesX¥ ™ 12 satisfy the equation: 6 2 4 t+ 1 Explain.

Hfwe replace X with the number 12 , then the left side of the equation is

16 = =16 1 az2)
._zx_ _Z.

=16-6
=10

and the right side of the equation is

3
x+1=z-(12)-i-1

= W

I} SBNIMON | tmms: s cusionsin engage™ =
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=9+1
=10

—~x=—x+ 1
since 10 = 10 tpen X = 12 i 4 corution to the equation 6 Zx 4 +

3. Chad solved the equation Zdx 4+ 4+ 2x = 3(L0x ~ 1) ypq5s claiming that ¥ = 2 makes the
equation true. Is Chad correct? Explain.

if we replace X with the number 2 , then the left side of the equation is

24x +4+2x=24-24+4+2-2

=48+4+4
=36

and the right side of the equation is

3(10x—-1)=3(10-2 -1}

=3(20-1)

=309

=57
Since 56 #57 ,then X = 2 is not a solution to the equation 24X+ 4+ 2x = 3(10x - 1}- and

Chad is not correct,

1

4.  Lisa solved the equation *+6=84+7x and claimed that the solution is 3. 15 she corract?
Explain.
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If we replace X with the number

1
x+6=—-—=+6

2
=53

3

1

and the right side of the equation is
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5. Angel transformed the following equation from ox t4-x= Z(x + 1) to 10 = Z(x + 1). He then
stated that the solution to the equation is * — %, Is he correct? Explain.

No, Angel is not correct. He did not transform the equation correctly. The expression on the left side of the equation

ax+4—x=2x+1) would transform to

6x+4d—x=6x—x+4

=06-1}x+4
=85x+4

tfwe replace X with the number 4 , then the left side of the equation is

x+4=5-4+4

=20+4
=24

and the right side of the equotion is

2+ 1)=24+1)
= 2(3)

=10

Since 24 10 ,then ¥ = 4 is not a solution to the equation 6x+4—-x= 2(2: + 1), and Angef Is
not correct.

6. Claire was able to verify that x=3 was a solution to her teacher’s linear equation, but the equation got erased
from the board. What might the equation have been? Identify as many equations as you can with a solution of

x =3,

Answers will vary. Ask students to shore thelr equations and justifications as to how they knew X = 3 would

COMMON sson 3; Linear Equations in ¥
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Lesson Summary

Equations are statements about equality. If the expression on the left side of the equal sign has the same value as
the expression on the right side of the equal sign, then you have a true equation,

A solution to a linear equation in ¥ is a number, such that when all instances of ¥ are replaced with the number,

the left side will equal the right side. Forexample, ¥ == % isasolutionto 34+ 4= 4+ & because the left
side of the equationis

3x++=3(2)+4

=644
=10
and the right side of the equation is
xr+8=2+48
= 10

make o true number sentence.

7. Does an equation always have a solution? Could you come up with an aquation that does not have a solution?

Answers will vary Expect students to write equations that are false. Ask students to shore their equations ond
justifications os to how they knew the equation they wrote did not have o solution. The concept of "no solution” is
introdfuced in Lesson 6 and solidified in Lesson 7.

Closing {5 minutes)
Summarize, or ask students to summarize, the main points from the lesson:

= We know that equations are statements about equality. That is, the expression on the left side of the equal sign
is equal to the expression on the right side of the equal sign.

= We know that a solution to a linear equation in * will be a number, and that when all instances of * are
replaced with the number, the left side will equal the right side.

Exit Ticket {5 minutes)
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Name Date

Lesson 3: Linear Equations in x

Ewit Ticket

lx+9=13
1. 158 asolution to ix - ? Explain.

2. Write three different equations that have & = 2 as a solution.

3. Is —3 a solution to the equation 3% — 5 = 4 + 2% 2 Explain,

Lesson 3: Linear Equations in ¥ ny
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Exit Ticket Sample Solutions

frohier

~lesson 3 [EIVR

7 5et Sample Solutions

| i e weemaaew— L S S 3 £ I

1
ISB asolutiontoix + 9=13 ? Explain.

i
8 =B8)+9=44+9=13
if we replace X with the number , then the left side is 2 and the right side is

13 e 13 =13 Jthen® = 8 s 4 solution.

Write three different equations that have £ = 5 as a solution,

Answers will vary. Accept equations where xX=5 makes o true number sentence.

if we replace X with the number — 3 , then the left side Is 3(-3)-5=-9-5=-14 The right
side is

4+42(-3)=4-6=-2 since — 14 # -2 ,then X = =3 is not a solution to the equation.

Students practice determining whether or not a given number is a solution to the linear equation.

C
- C

€ 2013 Commen Corg, Ine. Some rights reserved. commaoncore.ong

ORE

Giventhat 3X + 7 =27 4pq3x+1=28 , does 2x+7=3x+1> Explain,

No, because o linear equation is g statement about equality. We are given that 2x + 7 = 27 , but

3x+1=28 | guce cach tinear expression is equal to o different number, 22+ 7 +3x 4+ 1.

is 3 asolution to the equation: 6x+5=5x4+8+2x, Explain.

tfwe replace X with the number ~ 5 , then the feft side of the equation is

6-(-5)+5=-30+5
=-25

and the right side of the equation is

5:-5)+8+2-(-5)=-25+8-10
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=-17-10
= —-27

Since 25+ =27 . then X + —5 i5 not o solution to the equation 6x +5=5x+ 8+ 2x.

Note: Some students may have tronsformed the equation.
6—4 x
— — X = -
3. poesX¥=1.6 satisfy the eqeration: 47 Explain.

fwe replace % with the number 1.6 , then the left side of the equation is

6-4-1.6=6—6.4
=-0.4

and the right side of the equotion is

ME = -0.4

6 —4dx=——
since —0.4=-0.4 Jthen X = 1.6 s solution to the equation 4.

RS

& 2013 Commg;

4.  Use the linear equation 3(x + }-J =3x + 3 to answer parts {a)—(d}.

a. Does ¥ = 5 satisfy the equation above? Explain.

If we replace X with the number 5 , Ehen the left side of the equation is

3G +1)=3(6)
=18

and the right side of the equation is

3x4+3=3-5+3

=15+4+3
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= 18

Since 18 =18 Jthen X = 5 is a solution to the equation 3x +1)=3x +3.

b.isX = ~8 ,solution the equation above? Explain.

if we replace X with the number — 8 , then the left side of the equation is

3C-8+1)=3(-7)
=-21

und the right side of the equation is
3x+3=3-(-8)+3
=-24+43

=-21
Since -21=-21 Lthen X = -8 is a solution to the equation 30+ 1) =3x+3.

_1
*=3

c. s a solution the equation above? Explain.

1

if we replace X with the number i, then the left side of the equation is
2
3 G- +1)=3 G— =)
t 2

| N =1

ond the right side of the equation is
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b 2

9 9 1
E - E = 2 is a solution to the equation 3(x + 1) = 3x +3.

Since , then

d, What interesting fact about the equation 3IG+1=3x+3 is illumirated by the answers to parts (a),
{b), and {c)? Why do you think this is true?

Note to teacher: tdeally students will notice thut the equation 3 (x + 1) =3x+3 is an identity

under the distributive law. The purpose of this problem is to prepare students for the idea that linear
equations can have mare than one solution, which is o topic of Lesson 7.
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Lesson 4: Solving a Linear Equation

Student Ouicomes

*  Students extend the use of the properties of equality to solve linear equations having rational coefficients.

Classwork
Concept Development {13 minutes)

" Tosolve an equation means to find all of the numbers X, if they exist, so that the given equation is true.

* In some cases, some simple guess work can lead us to a solution. For example, consider the following equation:
x+1=13

What number X would make this equation true? Thatis, what value of ¥ would make the left side equal to
the right side? (Give students a moment to guess a solution,)

o WhenX =3  we get o true statement. The left side of the equal sign is equai to 13 and so is the
right side of the equal sign.
In other cases, guessing the correct answer is not so easy. Consider the following equation:
x-N+10=19x+2+ 7x
Can you guess a number for ¥ that would make this equation true? (Give students a minute to guess.}

= Quessing is not always an efficient strategy for solving equations. In the last example, there are several terms in
each of the linear expressions comprising the equation. This makes it more difficult to easily guess a solution,
For this reason, we want to use what we know about the properties of equality to transform equations into
equations with fewer terms.

*  The ultimate goal of solving any equation is to get it into the form of X (or whatever symbol is being used in
the equation} equal to a constant.
Complete the activity described to remind students of the properties of equality, then proceed with the discussion that
follows,
Give students the equation: 4+1=7-2 zndask them the following questions.
1. s this equation true?
2. Perform each of the following operations, and state whether or not the equation is still true:
Add three to both sides of the equal sign.

o W

Add three to the left side of the equal sign, and add two to the right side of the equal sign.
Subtract six from both sides of the equal sign.

Subtract three from one side of the equal sign and subtract three from the other side.
Multiply hoth sides of the equal sign by ten.

b 1 = R o

Multiply the left side of the equation by ten and the right side by four,
Divide both sides of the equation by two.

™
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h. Divide the left side of the equation by two and the right side of the equation by five.
3. What do you notice? Describe any patterns you see,

= There are four properties of equality that wilt allow us to transform an equation into the form we want. If A,

g , and € are any rational numbers, then
e 1fA=8, thend+C=B+C.
e fA=08. thenA—C=B-C,
o fA=8,thend-C=8-C.

A B

o fA=B.thenC = s ,where € isnot equal to zero.

Ali four of the properties require us to start off with A= B. That is, we have to assume that a given equation

has an expression on the left side that is equal to the expression on the right side. Warking under that

assumption, each time we use one of the properties of equality, we are transforming the equation into
angther equation that is also true, i.e., left side equals right side.

Example 1 {3 minutes)

*  Solve the linear equation 2X — 3 = 4X for the number X-

*  Examine the properties of equality. Choose “something” to add, subtract, multiply, or divide on both sides of
the equation,

Validate the use of the properties of equality by having students share their thoughts. Then, discuss the “best” choice
for the first step in solving the equation with the points below. Be sure to remind students throughout this and the

other examples that our goal is to get ¥ equal to a constant; therefore, the “best” choice is one that gets us to that goal
most efficiently.

= First, we must assume that there is a number X that makes the equation true. Working under that

assumption, when we use the property, fFA=B, thenA - C=B-C, e get an equation that is also true:

2y — 3= 4x
2y —2x — 3 =4x— 2%

Now, using the distributive property, we get another set of equations that is also true:

@-2n-3=@E-2;
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Ox—3=2x
—3 = 2x
A B

Using another property, If 4 = B. then € ~ €, we get another true equation:
-3 2x
2 2

2

After simplifying the fraction 2, we have
-3
—_

2

is also true.

3

2 satisfies the equation 2x — 3 = 4x.

2-(—%)—3:—3—3=—6.

x
*  The last step is to check to see if

The left side of the equation is equal to

3
4.(-=)=2-3)=-s.
The right side of the equation is equal to ( 2) -3)

Since the left side equals the right side, we know we have found the correct number ' that solves the
equation 2% — 3 = 4x.

Example 2 {4 minutes)

3
. _ =x—21=185. I . . o
*  Solve the linear equation 5 Keep in mind that our goal is to transform the equation so that it is

in the form of X equal to a constant. If we assume that the equation is true for seme number X» which
property should we use to help us reach our goal and how should we use it?

Again, provide students time to decide which property is “best” to use first.

o We should use: If A =B, then A+ € = B % L. where the number € is 21

Note to teacher; If students suggest that we subtract 15 from both sides, i.e., make € pe—13 , then remind them
that we want the form of ¥ equal to a constant. Subtracting 13 from both sides of the equal sign puts the X and all

of the constants on the same side of the equal sign. There is nothing mathematically incorrect about subtracting 13 ; it
just doesn’t get us any closer to reaching our goal.

= Ifweuse A +C = B+ C, then we have the true statement:

3
»—5~x~21+21=15+21

and
3

Ex = 36.

Which property should we use to reach our goal, and how should we use it?
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. 5
o We should use: If A = B, thenA-C =B -C, where Cis 3"

v tfweuse A -C =B <L, then we have the true statement:

3x 3. 36 3
573 73
and by the commutative property and the cancellation law we have:
x=12-5= 60.
3 21 =157
=  Does ¥ = 60 gatisfy the equation g T T
180
. L ——21=36—-21=15 .
o Yes, because the left side of the equation isequalto 3 . Since the right

3
—_X —
side is also 15 | then we know that X = 60 js g sofution to 5

21 =15.

Example 3 (5 minutes)

= The properties of equality are not the only properties we can use with equations. What other properties do we
know that could make solving an equation more efficient?

o We know the distributive property, which allows us to expand and simplify expressions,

o We know the commutative and associative properties, which alfow us to rearrange and group terms
within expressions.
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1 .
Now we will solve the linear equation gx +13+x=1-9+22

expression on the left side to transform it into an expression with fewer terms?

o Yes, we can use the commutative and distributive properties:

1
x+ 13 +x=§x+x+13

W

r+13

i on

* s there anything we can do to the linear expression on the right side to transform
it into an expression with fewer terms?

5 Yes, we can use the commutative property:

1-~9x+22=1+22—-9x
=23 ~9x

6
: —x+13 = 23 —9x.
*  Now we have the equation; 5

solve the equation?

What should we do now to

Students should come up with the following four responses as to what should be done
first. A case can be made for each of them being the “best” move. In this case, each first

move gets us one step closer to our goal of having the solution in the form of ¥ equalto a
constant. Select one option and move forward with solving the equation {the notes that

follew align to the first choice, subtracting 13 from both sides of the equal sign).
5 We should subtract 13 from both sides of the equal sign.

5 We should subtract 23 from both sides of the equal sign.

o We should add 9% to both sides of the equal sign.
6x
¢ We should subtract 5 from both sides of the equal sign.

Lesson 4

Is there anything we can do to the linear

Note to Teacher:

There are many ways to solve
this equation. Any of the
actions listed below are
acceptable. In fact, a student

could say: “add 100 to both
sides of the equal sign,” and
that, too, would be an
acceptable action. [t may not
tead us directly to our answer,
but it is still an action that
would make a mathematically
correct statement. Make clear
to students that it doesn’t
matter which option they
choose or in which order; what
matters is that they use the
properties of equality to make
true statements that lead to a

solution in the form of ¥ equal

LN R ETET

v Let’s choose to subtract 13 from both sides of the equal sign. Though all options were generally equal with

respect to being the “best” first step, | chose this one because when | subtract 13 onboth sides, the value of
the constant on the left side is positive. | prefer to work with positive numbers. Then we have

-gx+13—13=23—'13—-9x
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6
§x=10—9x

" What should we do next? Why?
o We should add 9% to both sides of the equal sign. We want our
solution in the form of X equal to a constant, and this move puts ail
terms with an X on the same side of the equal sign.

= Adding 9% to both sides of the equal sign, we have:

[
§x+9x =10-9x+9x

S1
uﬁ-—x =1i0

= What do we need to do now?

5
®  We should multiply E on both sides of the equal sign.

" Then we have:

51 5 5
T
5 51
By the commutative property and the fact that 51 x 5 , we have
_ 50
= g«{

Lesson 4 - K:L¥ 8

Note to Teacher:

We still have options. If

students say we should
6

subtract gx from both sides
of the equal sign, remind them

of our goal of obtaining the &

arnal ta A ranckant

»  Since all transformed versions of the original equation are true, we can select any of them to check our answer.
However, it is best to check the solution in the original equation because we may have made a mistake

transforming the equation.

i

§x+13+x=1—9x-§-22

1 /50 50 {50
g(%)+13+§w1—9(ﬁ)+22

6 /50 0
s()13=29- 9(%)

COMMON Lesson 4: Solving a Linear Equation
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300 450
3615 723
FSY

723 723

&1 51

723
Since both sides of our equation equal 5% |, then we know our answer is correct.

Exercises 1-5 (10 minutes)

Students work on Exercises 1-5 independently.

Exercises 1-5

For each problem, show your work and check that your selution is correct.

1. Solvethefinearequation: ¥ T X +2+ X+ 4+ X+ 6=-28 s ethe property that justifies your
first step and why you chose it.

The left side of the equation con be transformedfrom X + X +2 +x +4+x+6 ,4x +12 using
the commutative and distributive properties. Using these properties decreases the number of terms of the equation.
Now we have the equation:

4x+ 12 = -28

4x+12-12=-28-12

4y = —-40

1 1
—rdx = -—40*1

4

x=-10
The left side of the equation is equad to (_10) + {_10} +2+ (_10) +4+ (“1 0) +6 which is
-28 . Since the left side is equol to the right side, then ¥ — — 10 is the sofution to the equation.

Note: Students could use the division property in the last step to get the answer.
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2. Solve the linear equation: 2 (335 + 2) =2x—1 +x State the property that justifies your first step and
why you chose it.

Both sides of equation can be rewritten using the distributive property. | have to use it on the left side to expand the
expression. | have to use it on the right side to collect like terms.

The left side is;
2@Bx+2)=6x+4

The right side is:

Zx—14+x=2x+x-1

=3x»-1
The equation is:
6x4+4=3x-1
6x+4—-4=3x-1-4
6x=3x-5
6x —3x=3x—3x-5
3x=-5
1 1
5 «3x = 3 -{—5)
5
x=—=
3
The left side of the equation is equal to 2(-5+2)=2(-3)=-6, The right side of the equation is equal
5
to 5-1=-6. Since both sides are equal to — 6 , then =" § Is o solution to

Z@x+2)=2x -1+ x.

Note: Students could use the division property in the lgst step to get the answer,

3
x—9==x,
3.  Solve the linear equation: 5 State the property that justifies your first step and why you chose it

1 chose to use the subtraction property of equality to get aff terms with on X on one side of the equal sign.
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5 3

"z CN=-z -5

45

5 x

45 18 27 345 3 9 27
The left side of the equation is ?_ ? - —2—. The right side is g -—2“ - -i' E - .E-. Since both sides
45 3
X == x—9==x
are equal to the same number, then 2 is o solution to 5

4.  Solve the linear aquation: 29~3x=5x+35 . State the property that justifies your first step and why you
chose it.

| chase to use the addition property of equality to get alf terms with en X on one side of the equal sign,

29 -3x=5x+5

209 -_3x+3x=58x+3x+5

29=8x+35

29 -5=8x+5-5

24 =8x

The left side of the equal sign is 29 ~3@)=29-9=20. p, right side is equal to
53)+5=15+5=20. Since both sides are equal, ¥ = 3 s a solution to
29 _3x =5x+5.

Note: Students could use the division property in the last step to get the answer.

C

Il c

B 2013 Canming

1
sX—-3+171 =x

5.  Solve the linear equation: 3 . State the property that justifies your first step and why you
chose it.
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f chose to combine the constants — 5 ond 171 . Then, I used the subtraction property of equality to get all

terms withan X on one side of the equal sign.

%x—5+171=x

1
§x+166—x

1 1 1
Ex—§x+166««x—§x

B3x3=x

249 =x

1

249-5+171=83-54+171=78+ 171 = 249
The left side of the equation is 3

¥’

1

=249 =x—5+171=x.
which is exoctly equal to the right side. Therefore, x= is o sofution to 3

Closing (5 minutes)

Summarize, or ask students to summarize, the main points from the lesson;

*  We know that properties of equality, when used to transform equations, make equations with fewer terms that
are simpler to solve.

*  When solving an equation, we want the answer to be in the form of the symbol ¥ equal to a constant.

C:)MMON sson 4; Solving a Linear Equation
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Exit Ticket {5 minutes)

Lesson Summary

The properties of equality, shown below, are used to transform equations into simpler forms. If A, B, C are
rational numbers, then

. A =B, pen A4+ C=8B+C
Addition Property of Equality

n "A=B,thenA_C=B_G
Subtraction Property of Equality

. wA =B, yenAd-C=B-C

Multiolication Proberty of Eouality

. COMMON S50N 4; olving a tinear Equation
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Name Date

Lesson 4: Solving a Linear Equation

Ewit Ticket

1. Guess anumber for ¥ that would make the equation true. Check your solution,
9x—-2=8

2. Use the properties of equality to solve the equation: 7% — 4 +x =12. state which property justifies your first
step and why you chose it. Check your solution,

3. Use the properties of equality to solve the equation: 3¥ +2 — % = 11¥ + 9. state which property justifies your
first step and why you chose it. Check your solution.
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Exii Ticket Sample Solutions

1.  Guessanumberfor % that would make the equation true. Check your solution.

S5x—-2=8

When X = z , the left side of the equation is a8 , which is the same as the right side. Therefore, x=12 is the
solution to the equation.

2.  Use the properties of equality to solve the equation: Tx & 4 x = 12. State which property justifies your
first step and why you chose it. Check your solution.

{ used the commutotive and distributive properties on the left side of the equal sign to simply the expression to
fewer terms,

Tx—4+x=12

8x—-4=12

8x—4+4=12+4

8x =16

16

x-—“?

=2

* NI QO

The jeft side of the equation is 72)-4+2=14-4+2=12 . The right side is also 12 | since

the feft side equals the right side, x=2 is the solution to the equation.

3. Use the properties of eguality to solve the equation: 3x+2-x=1x+9  chek your solution.

f used the commutative and distributive properties on the left side of the equal sign Fo simplify the expression to
fewer terms.

Jx+2—x=11x+9
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Zx+2=11x+9

Zx—-2x+2=11x-2x+9

2=9%+9

2-9=9x+9-9

-7 =0%
-7.9
5 9~
_7—
@-—x

The left side of the equation is ( 9

‘ =77 81 4
“(‘;)”—T‘f?—é.

3 _—7)+2——=——

Lesson 4 - m o

~7_ 21 18 7 4
9 9 Y 91979, e rightsice

7

Since the left side equols the right side,
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Problem Set Sample Solutions

Students solve equations using properties of equality.

For each problem, show your work and check that your solution is correct.

1.  Solve the linear equation: X +4+3x=71 . State the property that justifies your first step and why you
chose it.

1 used the commutative ond distributive properties on the left side of the equal sign to simplify the expression to
fewer terms.

¥+44+3x=72
4x +4 =73

dx+4—-4=72-4

The left side is equal to 17+ 4+ 3(1 7) =21+51= 72: which is what the right side Is. Therefore,
X =17 jsqsotution tothe equation X + 4 + 3¢ =72

2. Solve the linear equation: x+34+x—8+x=>55 . State the property that justifies your first step and
why you chose it,

i used the commutotive and distributive properties on the left side of the equof sign to simplify the expression to
fewer terms.

x+3+x—-8+x=55

3x--5=55
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Ix-54+5=55+5

3x =60
3 60
3*7 73
x =20

The left side is equal to 20+3+20-8+20=43-8+20=35+%+20 =55, ywpichis

equal to the right side. Therefore, X = 20 jasoltiontoX +3 +x—-8+x =55

1 1
Sx+10=—Zx+54
3. Solve the linear equation: 2 4 . State the property that justifies your first step and why

you chose it.

{ chose to use the subtroction properly of equality to get ofl of the constants  on one side of the equal sign.

1 1
E:1:-1—10—3:3:-&54

1 1
Ex+10—10=1x+54—10

i 1
Ex=—zx+44

1
Ix = 44
41 =4-44
i
x=176
1(176)+ 10 =88 +10=98.
The left side of the equation is 2 The right side of the equation is
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1
1(176) + 54 =44+ 54 =98, Since both sides equal 98 X = 176 s sotution to the

i
—x+10=zx+54.

equation 2 4
1
_ -x+18==x.
4.  S$olve the linear equation: ¢ State the property that justifies your first step and why you chose it.

i chose to use the subtraction property of equality te get all terms with an X on one side of the equal sign,
—x+18=x

1 1 1
Ix—zx+18=x—zx

24==x
1(24»)-[—:13=6-l—1l3= 24,

The left side of the equation is 4 which is what the right side is equal to.

1
_ —x+18 = x.
Therefore, ¥ = 2% s g solution to &

1
17 —x=—--15+46.
5.  Solve the linear equation: 3 State the property that justifies your first step and why
you chose it.

The right side of the equation can be simplified to 11 . Then the equation is

17-x=11

and X = B | goth sides of the equation equal 1l therefore, A=Y 54 s0lution to the equation

1
17—x=§-15+6

. 1 was abie to solve the equation mentaily without using the properties of equality.

¥+x+2
—=189.5
6.  Solve the linear equation: 4 . State the property that justifies your first step and why
you chase it.
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*+tX+2 _ o0 s

x+x+2=40189.5)

Zx+2=758

Zx+2—-2=758-2

2x =756
Z_ 756
¥ E
x=378
J78+378+2 758
The left side of the equation is 4

equation. Therefore, X = 378 4 asolution to
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7. Alysha solved the linear aquation: Z2x—3—-9x =14 +x-— 1 . Her work is shown below, When she

checked her answer, the left side of the equation did not equal the right side, Find and explain Alysha's error, and
then solve the equation correctly.

2x —3-9x =144+ x—-1.

—6x -3 =13+2x

—6x -34+3=134+3+2x

—6x =164+ 2x
—6x +2Zx =16
—4x =16

4, _16
¥ T =3
x=-4

th
Alysha mode o mistake on the 5 fine, She added 2x to the left side of the equal sign and subtracted 2x on

the right side of the equal sign. To use the property correctly, she should have subtracted 2x on both sides of the
equal sign, meking the equation at that point:

—6x ~2x =16 +2x — 2Zx

~-8x =16
-8 _16
8~ "8
x=-2
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Lesson 5: Writing and Solving Linear Equations

Siudent Dutcomes
»  Students apply knowledge of geometry to writing and solving linear equations.

Lesson Notes

All of the problems in this lesson relate to what students have learned about geometry in recent modules and previous
years. The purpose is two-fold, first, we want to reinforce what students have learned about geometry, and second, we
want to demonstrate a need for writing and solving an equation in a context that is familiar. Throughout the lesson
students solve mathematical problems that relate directly to what students have learned about angle relationships,
congruence, and the triangle sum theorem. Encourage students to draw a diagram te represent the situation presented
in the word problems.

Classwork
Example 1 {5 minutes)

= Solve the following:

Example 1

m One angle is five less than three times the size of another angle. Together they have a
sum of 1¥3™ | What are the sizes of each angie?

| Provide students with time to make sense of the problem and persevere in solving it. They could begin their
work by guessing and checking, drawing a diagram, or ather methods as appropriate. Then move to the
algebraic method shown below,

»  What do we need to do first to solve this problem?

o First we need to define our variable {symbol). Let X be the size of
the first angle. Scaffolding:

Model for students how to use

diagrams to help make sense of

the problems throughout this

o The second angle is 3% — 3. tesson. Encourage students to

use diagrams to help them

understand the situation.

¢ IfX isthe size of the first angle, how do you represent the size of the
second angle?

* What is the equation that represents this situation?

o The equation is: * + 3x — 5 =143.

» The equation that represents this situation is; ¥ + 3% —5 = 143. Sojve for ¥ , then determine the

Lasson 5: Writing and Solving Linear Eguations

Date: 12/26/13 eng a_g' e ny 50

gl This work is licensed under a
Craative Commons Attribution-NonCommereial-SharaAlike 3.0 Unportad Licanse,

9 203 Comnmian Cote, ne. Some rights reserved, commoncore.org




NYS COMMON CORE MATHEMATICS CURRICULUM

size of each angle.
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As students share their solutions for this and subsequent problems, ask them a variety of questions to
reinforce the learning of the last few lessons. For example, you can ask students whether or not thisis a

linear equation and how they know, to justify their steps and explain why they chose their particular first
step, what the solution means, or how they know their answer is correct,

Student work:

x+3x—5=143

1+3)x-5=143
4x - 5=143
4x—-5+5=143+5

4x = 148

x =237
The size of the first angle is 37" . The second angle is 337}~ 5 =111 -5= 106"

Compare the method you tried at the beginning of the problem with the algebraic method. What
advantage does writing and solving an equation have?

v Writing and solving an equation is a more direct method than the one | tried before. It allows

me to find the answer more quickly.

Could we have defined ¥ to be the size of the second angle? If so, what, if anything, would change?

a

if we let X be the size of the second angle, then the equation would change, but the answers
for the sizes of the angles should remain the same.

» |fX isthe size of the second angle, how would we write the size of the first angle?

22 COMMON Lesson 5; Writing and Solving Linear Equations ny
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xX+5
o The first angle would be 3
x+5
: e = 143, . .
» The equation that represents the situation is 3 How should we solve this equation?

o We could add the fractions together, then solve for X,
v We could multiply every term by 3 to change the fraction to a whole number.

= Using either method, solve the equation. Verify that the sizes of the angles are the same as before.

a

Scaffolding:
x+5 You may need to remind
x+ 3 - 143 students how to add fractions

by rewriting term{s) as
equivalent fractions then
adding the numerators.
Provide support as neaded.

3x x+5
3tz —143
3 +5
.f__'%fmzmg

3x+x+5=143(3)
B+1x+5=429
4x + 5 =429

4x+5~5=429-5

COMMON Lesson 5; Writing and Solving Linear Eguations
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4y = 424
x =106
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©  The size of the second angle is 106° | The measure of the first angle is
x+5_106+5 111 _
3 -3 3 o,
OR

x+ 3
xt——= 143

+5
S(x-!—x —= 1.43}

Ix+x+5=429

4x + 5=429
4x+5-5=429~5
4x = 424

x =106

The size of the second angle is 1086° | The measure of the first angle is
x+35_106+5_111
3 3 3 7

=  Whether we let * represent the first angle or the second angle does not change our answers.
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Whether we solve the equation using the first or second method does not change our answers.
What matters is that we accurately write the information in the problem and correctly use the
properties of equality. You may solve a problem differently than your classmates or teachers. Again,
what matters most is that what you do is accurate and correct,

Example 2 (12 minutes)

= Solve the following:

Example 2

Given a right triangle, find the size of the angles if one angle is ten more than four times

i anghe IS tive Tright angie:

Give students time to work. As they work, walk around and identify students who are writing and solving the
problem in different ways. The instructional goal of this example is to make clear that there are different
ways to solve a linear equation as opposed to one “right way”. Select students to share their work with the
class. If students don’t come up with different ways of solving the equation, talk them through the following
student work samples.

Again, as students share their solutions, ask them a variety of questions to reinforce the learning of the last
few lessons. For example, you can ask students whether or not this is a linear equation and how they know,
or to justify their steps and explain why they chose their particular first step, what the solution means, or how
they know their answer is correct.
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Solution One

Let X be the size of the first angle. Then the second angle is 4% + 10. The sum of the
measures for the angles for this right triangle is as follows: * + 4% + 10 +90 = 180,

x+4x+10+90= 180

¢+ 4)x + 100 = 180

5x+ 100 = 1890

Sx+100—- 100 = 180 — 100

5x =80
x =16

The measure of the first angle is 16" | the measure of the second angle is
4(16)+ 10 = 64 + 10 = 74", and the third angle is 90" .

Solution Two

right triangle we already know that one angle is 90" which means that the sum of the
other two angles is 90 ; x + 4x + 10 = 90.
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x+4x+ 10 =90

A+ Hx+10=90

32+ 10 =90

5+ 10-10=90-10

S5x =230

x =16

The measure of the first angle is 16" , the measure of the second angle is
406)+ 10 = 64 + 10 = 74", gnd the third angle is 99" .

Solution Three
x—10
Let X be the size of the second angle. Then the first angleis 4 . Since we have o

right triongle we already know that one angle is 90" which means that the sum of the
r—10
=90,

X
other two angles is 90 ; +

Xx-—10

x+ =90

‘ﬂ-(x-l-x _410 = 90)
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4x +x—10 =360

4+ 1x — 10 = 360

5x—16 =360

5x—10+10 =360+ 10

Sx =370

r="T74

The measure of the second angle is 7+, the measure of the first angle is

TA-10 64 6
T~ % 7" and the third angle is 90",

’ MMO 5500 5: ritin wing Linear Equations
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Lesson 5
Solution Four
xr—10
Let X be the size of the second angle. Then the firstangleis 4 =~ The sum of the
¥—10
90 = 180.
three angles is as foliows: xt 4 +
—10
X+t 90 =180
x—10
X+ — +90-90=180-90
x =10 90
x+ T
tx x-10
Tt =%
4x+x—10 — 90
4
dx +x —10 =360
Sx—10+10=360+ 10
COMMON Lesson 5: Writing and Solving Linear Equations n
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Sx=370
x=74
A-10_6t_ .
The second angle is 74" , the firstangleis™ & & " and the third angle is
90°

Make sure students see at least four different methods of solving the problem. Conclude this example with
the statements below.

= Each method was slightly different either in terms of how the variable was defined or how the
properties of equality were used to solve the equation. The way you find the answer may be
different than your classmates or your teacher.,

* Aslong as you write accurately and do what is mathematically correct, you will find the correct
answer.

Example 3 (4 minutes)

= A pair of alternate interior angles are described as follows. One angle is fourteen more than half a number. The
other angle is six less than half a number. Are the angles congruent?

*  We will begin by assuming that the angles are congruent. If the angles are congruent, what does that mean
about their measures?
v jt means that they are equal in measure.
= Write an expression that describes each angle.
X X
=+ 14 -
8 Oneangleis 2 and the other angle is 2

X X
' . . . =tld==-56. .
* If the angles are congruent, we can write the equation is 2 2 We know that our properties of

equality allow us to transform equations while making sure that they remain true.

X X
E+14—§ 6

X X X X
5-54'14—5—5—6.

. N X riting and Solving Li i
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14 % —6.

Therefore, our assumption was not correct and the angles are not congruent.
Exercises 1-6 {16 minutes)

Students complete Exercises 1-6 independently or in pairs.

Exercises 1-6
For each of the following problems, write an equation and solve.
1. A pair of congruent angles are described as follows: the measure of ane angle is three more than twice a number

and the other angle’s measure is 54.5 less than three times the number. Determine the size of the angles.

tet X be the number. Then the measure of one angle is 3+2x and the measure of the other angle is

3x-54.5 . Because the angles are congruent, their measures are equal. Therefore,

34+2x=3x-54.5
34+2x—2x=3x—2x-54.5
3=x-54.5

3+54.5=x—-54.54+54.5
57.5 ==

Then each angle is 3+26B7.5)=3+115= 118",

2. The measure of one angle is described as twelve mare than four times a number. Its supplement is twice as large.
Find the measure of each angle.

Let X be the number. Then the measure of one angle is 4x + 12 | e other angle is
2(4‘1! + 12) = 8x + 24. Since the angles are supplementary, their sum must be 180 !

4x+12 +8x + 24 =180
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12x + 36 = 180
12x + 36 — 36 = 180 — 36

12x = 144
x=12
One angleis ¥12) + 12 = 48 + 12 = 60" 44, other angle is 180 — 60 = 120°

3. Atriangle has angles described as follows: the first angle is four more than seven times a number, another angle is
four less than the first and the third angle is twice as large as the first. What are the sizes of each of the angles?

tet X be the number. The measure of the first angle is 7x + 4. The measure of the second angle is
Tx + 4—4="Tx, The measure of the third angle is 2(71 + 4') = 14x + 8. The sum of the angles

of a triangle must be 180°.

Tx+44+7x+14x +8 = 180
28x +12 =180
Z28x +12-12 =180 12

28x =168
xX=86

The measure of the first angle is 7(6) +4=42 44 =46" . The meusure of the second angle is
7(6) = 42° . The measure of the third angle is 2 (46‘) = 92* .

4. One angle measures nine more than six times a number. A sequence of rigid motions maps the angle onto another
angle that is described as being thirty less than nine times the number. What is the measure of the angles?

tet X be the number. Then the measure of one angle is bx + 9 . The measure of the other angle is

9x — 30 . Since rigid motions preserve the measures of ungles, then the measure of these angles is equal.
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6x +9=9x — 30

6x+9—-9=9x-30-9

6x =9x - 39

6x—9% =9x—9x -39

-3x =-39
x=13
The angles measure 6(13)+9=78+9=87".

5. Avright triangle is described as having an angle of size “six less than negative two times a number,” another angle
that is “three less than negative one-fourth the number”, and a right angle. What are the measures of the angles?

x

tet X begnumber. Then oneangleis ~ 2x—6 . The otherangleis 4 ' The sum of the two angles
must be 9¢°

~2x-6+(-7)-3=190

(Tx) 4-) ?=90

X

(_T) 94+49=90+9

m

o

9x
—g =9
A —396
x =44
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One of the angles is _2(_4'4) -6=88-6=082" . The other angle is 90-82 =8¢ .

6. One angle is one less than six times the size of another. The two angles are complementary angles. Find the size of
each angle.

Let ® be the measure of the first angle. Then the measure of the second angle is 6x—1 . The sum of the

measares wittbe 70 because the angles are complementary.
x+6x—1=90

7x—1=90

Fx—1+1=90+1

7Tx=901
r»=13

One angle is A3 ond the other angle is 6(13)-1=78-1=77" .

Closing {4 minutes)
Summarize, or ask students to summarize, the main points from the lesson:

= We know that an algebraic method for solving equations is more efficient than guessing and checking.
= We know how to write and solve eguations that relate to angles, triangles, and geometry in general.

= We know that drawing a diagram can sometimes make it easier to understand a problem and that there is more
than one way to selve an equation,

Exit Ticket {4 minutes)
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Name Date

Lesson 5: Writing and Solving Linear Equations

Fuit Ticket

For each of the following problems, write an equation and solve.

1. Given a right triangle, find the measures of all the angles if one angle is a right angle and the measure of the second
angle is six less than seven times the measure of the third angle.

2. Inatriangle, the measure of the first angle is six times a number. The measure of the second angle is nine less than
the first angle. The measure of the third angle is three times the number more than the measure of the first angle.
Determine the measures of each of the angles.
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Ewit Ticket Sample Solutions

g

1. Given aright triangle, find the measures of all of the angles if one angle is a right angle and the measure of a second
angle is six less than seven times the measure of the third angle.

Let X represent the measure of the third ongle. Then 7x—-6 can represent the measure of the second angle,

The sum of the two angles in the right triangles will be 920 .

Tx—6+2x=90

8x—a=90

Bx—64+6=90+%

8x =96

96

a8
x=12

X =

ool o

The measure of the third ongle Is 12 and the measure of the second ongle is

?(12) -6=84-6= 78}' + The meoasure of the third angle is 90* .

2. Inatriangle, the measure of the first angle is six times a number. The measure of the second angle is nine less than
the first angle. The measure of the third angle is three times the number more than the measure of the first angle,
Determine the measures of each of the angles.

tet X be the number. Then the measure of the first angles is OX | the measure of the second angle is 6x —9 .

| ]
and the measure of the third angle is 3x +6x | hesum of the measures of the angles in a triangle is 180"

6x+6x—9+3x+6x =180

21x -9 =180
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21x-94+9=180+9

21x = 189
z1__ 189
71% =721

x="19

The measure of the first angie is 6(9) = 54° . The measure of the second angle Is 54—-9=45" . The
measure of the third angle is 54 +3(9) =54 +27 = 81" .

Note to teacher: There are several ways to solve problems like these. For example, a student may lat X be the size of
the first angle, and write the size of the other angles accordingly. Either way, make sure that students are defining their
symbols and correctly using the properties of equality to solve.

Problem Set Sarapie Solutions

Students practice writing and solving linear equations.

For each of the following problems, write an equation and solve.
1. The measure of one angle s thirteen less than five times the measure of another angle. The sum of the measures of

the two angles is 140 . Determine the measuras of each of the angles,

Ltet X be the size of the one angle. Then the measure of the other angle is 3x — 13.

x4+5x—13 = 140

6x—13 =140
6x—13+13=:140+13

6x =153
x=23.5
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The measure of one angle is 25.5° and the measure of the other angle is 140 - 25.5 = 114.5" .

An angle maasuras seventeen more than three times a number. Its supplement is three more than seven times the

number. What is the measure of each angle?

et ¥ pethe number. Then one angle is 3x+ 17 . The other ungle is 7x4+3 . Since the angles ore

supplementary, the sum of their measures will be 1380 .

3x+17+7x+3 =180

10x + 20 = 180

10x + 20— 20 = 180 — 20

10x = 160
x =16

One angie is 3(16)+ 17 = 65", The other angle is 180 - 65 = 115"

The angles of a triangle are described as follows: zA is the largest angle, its measure is twice the measure of

£B . The measure of C is Z less than half the measure of < 8. Find the measures of the three angles.

tet X be the measure of 2B, Then the measure of cA=2x and

measures of the angles must be 180 .
X
x+2x+'§-—-2=180

x
3x+5—2+2=180+2

x
3x+-=182
2
6 =x
*-i*”l'**z—: 182

x
£l ==-12,
2 The sum of the
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NYS COMMON CORE MATHEMATICS CURRICULUM Lesson 5

Tx

- = 182
Fx = 364
x=52

The measures of the ongles are as follows:

£4=104", 2B = 52" and +C = 52—2 =26-2=24",

z

4. A pair of corresponding angles are described as follows: the measure of one angle is five less than seven times a
number and the measure of the other angle is eight more than seven times the number, Are the angles congruent?
Why or why not?

tet X be the number. Then measure of one angleis +X — 3 and the measure of the other angleis 7 + 8
Assume they are congruent, which means their measures are equal.

Tx—-5=7x+8

Tx—Tx-5=7x—-7x+8
—5=%8

Since I15= 8' the angles are not congruent.

5. YThe measure of one angle is eleven more than four times a number. Another angle is twice the first angle’s

measure. The sum of the measures of the angles is 195 . What is the measure of each angle?

Let X be the number. The measure of one angle can be represented with ¥X + L1 gng the other angle’s
measure can be represented as 2(¥x + 111 = Bx + 22.

dx +11 +8x+ 22 =195
12x +33 =195

12x +33-33=195-33
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12x = 162
x=13.5

The measure of one angle Is 4(13.5) +11=54+11=65" and the measure of the other angle is
130"

6.  Three angles are described as follows: B is half the size of <A . The measure of G is equal to one less

than 2 times the measure of 28 . Thesumof £A and £8 is 114 | can the three angles form a
triangle? Why or why not?

_X

£ =
tet X represent the measure of A+ Then the measyre of 2 and the measure of
ec=2{z)-1=x-1
The sum o_flA + 2B =114 B

X =114
x _——
t5

-:-33-:-=114

3x =228
x =76

B 76 38
) _ = £ = oee— = _ Y
The meosure of £A = 767, 2 ,and € = 75", he sum of the three angles is
76 + 38+ 75 = 189, Since the sum of the measures of the interior angles of a triangle must sum to

180 , these angles do not form a Eriangle. Their sum is too large.
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ALGEBRAT

Algebral ® Module 1
Relationships Between Quantities and
Reasoning with Equations and Their Graphs

OVERVIEW

By the end of Grade 8, students have learned to solve linear equations in one variable and have applied
graphical and algebraic methods to analyze and solve systems of linear equations in two variables. Now,
students are introduced to non-linear equations and their graphs. They formalize their understanding of
equivalent algebraic expressions and begin their study of polynomial expressions. Further, they learn that
there are some actions that, when applied to the expressions on both sides of an equal sign, will not result in
an equation with the same solution set as the original equation. Finally, they encounter problems that induce
the full modeling cycle, as it is described in the Common Core Learning Standards for Mathematics.

in Topic A, students explore the main functions that they will work with in Grade 9: linear, quadratic, and
exponential. The goal is to introduce students to these functions by having them make graphs of situations
(usually based upon time} in which the functions naturally arise {A-CED.2). As they graph, they reason
abstractly and quantitatively as they choose and interpret units to solve problems related to the graphs they
create {(N-Q.1, N-Q.2, N-Q.3).

tn middle school, students applied the properties of operations to add, subtract, factor, and expand
expressions {6.EE.3, 6.EE.4, 7.EE.1, 8.EE.1). Now, in Topic B, students use the structure of expressions to
define what it means for two algebraic expressions to be equivalent. In doing so, they discern that the
commutative, associative, and distributive properties help link each of the expressions in the collection
together, even if the expressions look very different themselves (A-SSE.2). They learn the definition of a
polynomial expression and build fluency in identifying and generating polynomial expressions as well as
adding, subtracting, and multiplying polynomial expressions {A-APR.1). The Mid-Module Assessment follows
Topic B.

Throughout middle school, students practice the process of solving linear equations (6.EE.5, 6.EE.7, 7.EE.4,
8.EE.7) and systems of linear equations {8.EE.8). Now, in TopicC, instead of just solving equations, they
formalize descriptions of what they learned before {variable, solution sets, etc.} and are able to explain,
justify, and evaluate their reasoning as they strategize methods for solving linear and non-linear equations {(A-
REL1, A-REL.3, A-CED.4). Students take their experience solving systems of linear equations further as they
prove the validity of the addition method, learn a formal definition for the graph of an equation and use it to
explain the reasoning of solving systems graphically, and graphically represent the solution to systems of
linear inequalities {A-CED.3, A-REI.S, A-REL.6, A-REL. 10, A-REI.12).
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ALGEBRA

In Topic D, students are formally introduced to the modeling cycle (see page 61 of the CCLS) through
problems that can be solved by creating equations and inequalities in one variable, systems of equations, and
graphing {N-Q.1, A-SSE.1, A-CED.1, A-CED.2, A-REL3). The End-of-Module Assessment follows Topic D.

Focus Standards

Reason quantitatively and use units to solve problems.

N-Q.1 Use units as a way to understand problems and to guide the solution of multi-step problems;
choose and interpret units consistently in formulas; choose and interpret the scale and the
origin in graphs and data displays.*

N-Q.2° Define appropriate quantities for the purpose of descriptive modeling.™
N-0.3 Choose a level of accuracy appropriate to limitations on measurement when reporting
guantities.™

Interpret the structure of expressions

A-SSE.1  Interpret expressions that represent a quantity in terms of its context.™
a. Interpret parts of an expression, such as terms, factors, and coefficients.

b. Interpret complicated expressions by viewing one or more of their parts as a single entity.
For example, interpret P(1+r)" os the product of P and a factor not depending on P.

A-S5E.2  Use the structure of an expression to identify ways to rewrite it. For example, see x* —y* as
() = (y*F, thus recognizing it as a difference of squares that can be factored as (X — V){* +
¥).

Perform arithmetic operations on polynomials

A-APR.1  Understand that polynomials form a system analogous to the integers, namely, they are
closed under the operations of addition, subtraction, and multiplication; add, subtract, and
multiply polynomials.

Create equations that describe numbers or relationships

A-CED.1*> Create equations and inequalities in one variable and use them to solve problems. Include
equations arising from linear and quodratic functions, and simple rational and exponential
functions.*

A-CED.2  Create equations in two or more variables to represent relationships between quantities;
graph equations on coordinate axes with labels and scales.*

% This standard will be assessed in Algebra | by ensuring that some modeling tasks (involving Afgebra | content or securely held content
from Grades 6-8) require the student to create a quantity of interest in the situation being described.
*In Algebra 1, tasks are limited to linear, quadratic, or exponential equations with integer exponents,
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ALGEBRAT

A-CED.3  Represent constraints by equations or inequalities, and by systems of equations and/or
inequalities, and interpret solutions as viable or non-viable options in a modeling context. For
example, represent inequalities describing nutritional and cost constraints on combinations of
different foods.™

A-CED.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving
equations. For example, rearrange Ohm's law V = IR to highlight resistance R.*

Understand solving equations as a process of reasoning and explain the reasoning

A-RELL1  Explain each step in solving a simple equation as following from the equality of numbers
asserted at the previous step, starting from the assumption that the original equation has a
solution. Construct a viable argument to justify a solution method.

Solve equations and inequalities in one variable

A-RELL3  Solve linear equations and inequalities in one variable, including equations with coefficients
represented by letters.

Solve systems of equations

A-RELL5  Prove that, given a system of two equations in two variables, replacing one equation by the
sum of that equation and a multiple of the other produces a system with the same solutions.

A-REL.6'  Solve systems of linear equations exéctly and approximately {e.g., with graphs), focusing on
pairs of linear equations in two variables.

Represent and solve equations and inequalities graphically

A-REI.10 Understand that the graph of an equation in two variables is the set of all its solutions plotted
in the coordinate plang, often forming a curve (which could be a line).

A-REL.1Z Graph the solutions to a linear inequality in two variables as a half-plane (excluding the
boundary in the case of a strict inequality), and graph the solution set to a system of linear
inequalities in two variables as the intersection of the corresponding half-pianes.

Foundational Standards

Apply and extend previous understandings of numbers to the system of rational numbers.

6.NS.7 Understand ordering and absolute value of rational numbers.

a. Interpret statements of inequality as statements about the relative position of two
numbers on a number line diagram. For example, interpret —3 > —7 as a statement that
=3 is located to the right of —7 on a number line oriented from left to right.

* Tasks have a real-world context. In Algebra I, tasks have hallmarks of modeling as a mathematical practice {less defined tasks, more
of the modeling cycle, ete.}.
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ALGEBRA !

b. Write, interpret, and explain statements of order for rational numbers in real-world
contexts. For example, write —3°C > ~7°C to express the fact that —3°C is warmer than
=7°C.

Apply and extend previous understandings of arithmetic to algebraic expressions.

6.EE.3

6.EE.4

Apply the properties of operations to generate equivalent expressions. For example, apply
the distributive property to the expression 3 (2 + x) to produce the equivalent expression 6 +
3x; apply the distributive property to the expression 24x + 18y to produce the equivalent
expression 6 (4x + 3y); apply properties of operations to y +y + y to produce the equivalent
expression 3y.

Identify when two expressions are equivalent {i.e., when the two expressions name the same
number regardless of which value is substituted into them). For example, the expressions y +
y +y and 3y are equivalent because they name the same number regardless of which number
y stands for,

Reason about and solve one-variable equations and inequalities.

6.EE.5

6.EE.6

&.EE.7

G.EE.8

Understand solving an equation or inequality as a process of answering a question: which
values from a specified set, if any, make the equation or inequality true? Use substitution to
determine whether a given number in a specified set makes an equation or inequality true.

Use variables to represent numbers and write expressions when solving a real-world or
mathematical problem; understand that a variable can represent an unknown number, or
depending on the purpose at hand, any number in a specified set.

Solve real-world and mathematical problems by writing and solving equations of the form x +
p = g and px = g for cases in which p, g and x are all nonnegative rational numbers.

Write an inequality of the form x > ¢ or x < ¢ 10 represent a constraint or condition in a real-
world or mathematical problem. Recognize that inequalities of the form x > ¢ or x < ¢ have
infinitely many solutions; represent solutions of such inequalities on number line diagrams.

Use properties of operations to generate equivalent expressions.

7.€E.1 Apply properties of operations as strategies to add, subtract, factor, and expand linear
expressions with rationat coefficients.

7.EE.2 Understand that rewriting an expression in different forms in a problem context can shed light
on the problem and how the quantities in it are related. For example, a + 0.05a = 1.05a
means that “increase by 5% is the same as “multiply by 1.05.”
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ALGEBRA 1

Solve real-life and mathematical problems using numerical and algebraic expressions and
equations.

7.EE.3 Solve multi-step real-life and mathematical problems posed with positive and negative
rational numbers in any form (whole numbers, fractions, and decimals), using tools
strategically. Apply properties of operations to calculate with numbers in any form; convert
between forms as appropriate; and assess the reasonableness of answers using mental
computation and estimation strategies. For example: If @ woman making 525 an hour gets a
10% raise, she will make an additional 1/10 of her salary an hour, or $2.50, for a new salary of
$27.50. If you want to place a towel bar 9 3/4 inches long in the center of o door that is 27 1/2
inches wide, you will need to place the bar about 9 inches from each edge; this estimate can
be used as a check on the exact computation.

7.EEA4 Use variables to represent quantities in a real-world or mathematical problem, and construct
simple equations and inequalities to solve problems by reasoning about the quantities.

a. Solve word problems leading to equations of the form px + g = rand p{x + q) = r, where p,
q, and r are specific rational numbers. Solve equations of these forms fluently. Compare
an algebraic solution to an arithmetic solution, identifying the sequence of the operations
used in each approach. For example, the perimeter of a rectangle is 54 cm. its length is 6
cm. What is its width?

b. Solve word problems leading to inequalities of the form px + g > r or px + g <r, where p,
q, and r are specific rational numbers, Graph the solution set of the inequality and
interpret it in the context of the problem. For example: As a salesperson, you are paid
S50 per week plus 53 per sale. This week you want your pay to be at least $100. Write an
inequality for the number of sales you need to make, and describe the solutions.

Work with radicals and integer exponents.

8.EE.1 Know and apply the properties of integer exponents to generate equivalent numerical
expressions. For example, 3* x3° =37 =1/3° = 1/27.

8.EE.2 Use square root and cube root symbols to represent solutions to equations of the form x* = p
and x° = p, where p is a positive rational number. Evaluate square roots of smalil perfect
squares and cube roots of small perfect cubes. Know that v2 is irrational.

Analyze and solve linear equations and pairs of simultaneous linear equations.

B.EE.7 Solve linear eguations in one variable.

a. Give examples of linear equations in one variable with one solution, infinitely many
solutions, or no solutions. Show which of these possibilities is the case by successively
transforming the given equation into simpler forms, until an equivalent equation of the
form x=a, a = a, or a = b results {(where ¢ and b are different numbers).

b. Solve linear equations with rational number coefficients, including equations whose
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8.EE.8

ALGEBRA

solutions require expanding expressions using the distributive property and collecting like
terms.

Analyze and solve pairs of simultaneous linear equations.

a.  Understand that sofutions to a system of two linear equations in two variables
correspond to points of intersection of their graphs, because points of intersection satisfy
both equations simultaneously.

b. Solve systems of two linear equations in two variables algebraically, and estimate
solutions by graphing the equations. Solve simple cases by inspection. For example, 3x +
2y = 5 and 3x + 2y = 6 have no solution because 3x + 2y cannot simultaneously be 5 and 6.

¢.  Solve real-world and mathematical problems leading to two linear equations in two
variables. For example, given coordinates for two pairs of points, determine whether the
line through the first pair of points intersects the line through the second pair.

Focus Standards for Mathematical Practice

MP.1

MP.2

MP.3

MP.4

MP.6

MP.7

MP.8

Make sense of problems and persevere in solving them. Students are presented with
problems that require them to try special cases and simpler forms of the original problem in
order to gain insight into the problem,

Reason abstractly and quantitatively. Students analyze graphs of non-constant rate
measurements and reason from the shape of the graphs to infer what guantities are being
displayed and consider possible units to represent those quantities.

Construct viable arguments and critique the reasoning of others. Students reason about
solving equations using “if-then” moves based on equivalent expressions and properties of
equality and inequality. They analyze when an “if-then” move is not reversible.

Model with mathematics. Students have numerous opportunities in this module to solve
problems arising in everyday life, society, and the workplace from modeling bacteria growth
to understanding the federal progressive income tax system.

Attend to precision. Students formalize descriptions of what they learned before (variables,
solution sets, numerical expressions, algebraic expressions, etc.) as they build equivalent
expressions and solve equations. Students analyze solution sets of equations to determine
processes (like squaring both sides of an equation} that might lead to a solution set that
differs from that of the original equation.

Look for and make use of structure. Students reason with and about collections of equivalent
expressions to see how all the expressions in the collection are linked together through the
properties of operations. They discern patterns in sequences of solving equation problems

that reveal structures in the equations themselves: 2x+4=10 2{x-3)+4=10
2@x-4)+4=10 , etc,

Look for and express regularity in repeated reasoning. After solving many linear equations in
one variable (e.g., 3x + 5 = 8x — 17 ) students look for general methods for solving a
generic linear equation in one variable by replacing the numbers with letters:

ax + b= cx +d  They have opportunities to pay close attention to calculations involving
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ALGEBRAL

the properties of operations, properties of equality, and properties of inequality as they find
equivalent expressions and solve equations, noting common ways to solve different types of
equations.

Terminology

New or Recently Introduced Terms

® Piecewise-lLinear Function {Given a finite number of non-overlapping intervals on the real number
line, a {real) piecewise-linear function is a function from the union of the intervals to the set of real
numbers such that the function is defined by {possibly different} linear functions on each interval.)

* Numerical Symbol (A numerical symbol is a symbol that represents a specific number.}

* Variable Symbol (A variable symbal is a symbol that is a placeholder for a number. It is possible that
a question may restrict the type of number that a placeholder might permit, maybe integers only or
a positive real number, for instance.)

* Numerical Expression (A numerical expression is an algebraic expression that contains only numerical
symbols {no variable symbols} and that evaluates to a single number.)

= Algebraic Expression {An algebraic expression is either {1) a3 numerical symbol or a variable symbol or
(2) the result of placing previously generated algebraic expressions into the two blanks of one of the
four operators ((__)+{__), ()., (__x{_), (_)+{__ )} orinto the base blank of an
exponentiation with an exponent that is a rational number.}

= Equivalent Numerical Expressions {Two numerical expressions are equivalent if they evaluate to the
same number.)

= Equivalent Algebraic Expressions (Two algebraic expressions are equivalent if we can convert one
expression into the other by repeatedly applying the Commutative, Associative, and Distributive
Properties and the properties of rational exponents to components of the first expression.)

= Polynomial Expression (A polynomial expression is either (1) a numerical expression or a variable
symbol ar (2) the result of placing two previously generated polynomial expressions into the blanks
of the addition operator {__+__) or the multiplication operator {__x__).)

*  Monomial (A monomial is a polynomial expression generated using only the multiplication operator
(__x__). Monamials are products whose factors are numerical expressions or variable symbols.)

» Degree of a Monomial (The degree of a non-zero monomial is the sum of the exponents of the
variable symbols that appear in the monomial.)

= Standard Form of a Polynomial Expression in One Variable (A polynomial expression with one
variable symbol X is in standard form if it is expressed as QnX" + Qu_y X" F -+ @4 X ¥ Qo
where M is a non-negative integer, and Gu. &1. 21, .... @ are constant coefficients with @» # 0 _ A
polynomial expression in X that is in standard form is often called a polynomial in X )

* Degree of a Polynomial in Standard Form (The degree of a polynomial in standard form is the highest
degree of the terms in the polynomial, namely 1 )

* Leading Term and Leading Coefficient of a Polynomial in Standard Form {The term @»X" s called
the leading term, and %= is called the leading coefficient.)

= Constant Term of a Polynomial in Standard Form (The constant term is the value of the numerical
expression found by substituting 0 into all the variable symbols of the polynomial, namely Ga.)
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ALGEBRA Y

»  Solution (A solution to an equation with one variable is a number in the domain of the variable that,
when substituted for all instances of the variable in both expressions, makes the equation a true
number sentence.)

= Solution Set (The set of solutions of an equation is called its solution set.)

= Graph of an Equation in Two Variables (The set of all points in the coordinate plane that are
solutions to an equation in two variables is called the graph of the equation.)

= Zero Product Property (The Zero Product Property states that given real numbers, @ and - if
a4 =0 theneither@=0 or®=0, grboth@ and® =0 )

Familiar Terms and Symbols® |

= Equation
» |dentity
* Inequality

= System of Equations

= Properties of Equality

»  Properties of Inequality
* Solve

* Linear Function

= Formula

= Term

Suggested Tools and Representations

» Coordinate Plane
» Equations and inequalities

Assessment Summary

Mid-Module N-Q.1, N-Q.2, N-Q.3,

After TopicB Constructed response with rubric

Assessment Task A-APR.1, A-SSE.2

N-Q.1, A-SSE.1, A-SSE.2,

End-of-Module . . . A-APR.1, A-CED .1, A-
Assessment Task After TopicD | Constructed response with rubric CED.2, A-CED.3, A-

CED.4, A-REI1, A-REL3,

* These are terms and symbaols students have seen previously.
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A-RELS5, A-RELG, A~
REI.10, A-REL 12
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Name Date

1. Jacob lives on a street that runs east and west. The grocery store is to the east and the post office is to

the west of his house. Both are on the same street as his house. Answer the questions below about the
following story:

At 1:00 p.m., Jacob hops in his car and drives at a constant speed of 25 mph for 6 minutes to the post
office. After 10 minutes at the post office, he realizes he is late and drives at a constant speed of 30 mph
to the grocery store, arriving at 1:28 p.m. He then spends 20 minutes buying groceries,

a. Draw a graph that shows the distance Jacob’s car is from his house with respect to time. Remember
to label your axes with the units you chose and any important points (hame, post office, grocery

store).
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ALGEBRA !

b. On the way to the grocery store, Jacob looks down at his watch and notes the time as he passes his
house. What time is it when he passes his house? Explain how you found your answer.

¢. If he drives directly back to his house after the grocery story, what was the total distance he traveled
to complete his errands? Show how you found your answer.
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ALGEBRA T

2. Jason is collecting data on the rate of water usage in the tallest skyscraper in the world during a typical
day. The skyscraper contains both apartments and businesses. The electronic water meter for the
building displays the total amount of water used in liters. At noon, Jason looks at the water meter and
notes that the digit in the ones place on the water meter display changes too rapidly to read the digit and
that the digit in the tens place changes every second or so.

a. Estimate the total number of liters used in the building during one 24-hour day. Take into account
the time of day when he made his observation. (Hint: Will water be used at the same rate at 2:00
a.m. as at noon?). Explain how you arrived at your estimate.

b. To what level of accuracy can Jason reasonably report a measurement if he takes it at precisely 12:00
p.m.? Explain your answer.

¢. The meter will be checked at regular time spans {for example, every minute, every 10 minutes, every
hour). What is the minimum {(or smallest) number of checks needed in a 24-hour period to create a
reasonably accurate graph of the water usage rate with respect to time? (For example, 24 checks
would mean checking the meter every hour; 48 checks would mean checking the meter every half
hour.) Defend your choice by describing how the water usage rate might change during the day and
how your choice could capture that change.
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ALGEBRAI

3. A publishing company orders black and blue ink in bulk for its two-color printing press. To keep things
simple with its ink supplier, each time it places an order for blue ink, it buys B gallons, and each time it

places an order for black ink, it buys & gallons. Over a one-month period, the company places ™ orders
of blue inkand " orders of black ink.

a. What qua'ntities could the following expressions represent in terms of the problem context?

m¥En

mB +nkK

mB +nk
m+n

b. The company placed twice as many orders for black ink than for blue ink in January. Give
interpretations for the following expressions in terms of the orders placed in January,

m 1
m4n and m+n

?

and explain which expression must be greater using those interpretations.
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4. Sam says that he knows a clever set of steps to rewrite the expression
(x+ 3)3x+ 8)— 3x(x 4+ 3)

as a sum of two terms where the steps do not involve multiplying the linear factors first and then
collecting like terms. Rewrite the expression as a sum of two terms (where one term is a number and the
other is a product of a coefficient and variable) using Sam’s steps if you can.

5. Using only the addition and multiplication operations with the numbers 1, 2, 3, and 4 each exactly once, it
is possible to build a numeric expression (with parentheses to show the order used to build the
expression) that evaluates to 21. For example, 1+{{2+3) - 4} is one such expression.

a. Build two more numeric expressions that evaluate to 21 using the criteria above. Both must be
different from the example given.
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ALGEBRA !

b. In both of your expressions, replace 1 with g, 2 with b, 3 with ¢, and 4 with d to get two algebraic
expressions. For example, a + {{b + ¢) - d) shows the replacements for the example given.

Are your algebraic expressions equivalent? Circle:  Yes No

= |f they are equivalent, prove that they are using the properties of operations.
= |f not, provide two examples:

{1) Find four different numbers (other than G, 1, 2, 3, 4) that when substituted for a, b, ¢, and
d into each expression, the expressions evaluate to different numbers, and

(2} Find four different, non-zero numbers that when substituted into each expression, the
expressions evaluate to the same number.
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6. The diagram below, when completed, shows all possible ways to build equivalent expressions of 3x° using
multiplication. The equivalent expressions are connected by labeled segments stating which property of
operations, A for Associative Property and C for Commutative Property, justifies why the two expressions
are equivalent. Answer the following questions about 3x% and the diagram.

O/ o

L 4
3:-(x-%) (x-3)-x

O

Y
x-(x-3)

B -x :O‘-
@

-© »

®

©

x-x)-3

a. Fillin the empty circles with A or € and the empty rectangle with the missing expression to complete
the diagram.
b. Using the diagram above to help guide you, give two different proofs that ¥ -¥)-3=0G-x)-x

7. Ahmed learmed: "To multiply a whole number by ten, just place a zero at the end of the number.” For
example, 2813 % 10 he says, is 28,130 | He doesn't understand why this "rule” is true.

a. What is the product of the polynomial, 2x* + 8x* + x + 3 | times the polynomial, * ?

b. Use part {a) as a hint, Explain why the rule Ahmed learned is true.

S COMMON Module 1; Relationships Between Quantities and Reasoning with Equations ny
- CORE and Their Graphs engage
Date: 12/26/13

This work is licensed under a
B Creative Commaons Attribution-NenCormmercial-Sharedlike 3.0 Unported Licenss.

@ 2013 Common Core, Int, Sorme rlghts reserved, commoncore.org

109



NYS COMMON CORE MATHEMATICS CURRICULUM Mid-Module Assessment Task | Ml

ALGEBRA

a. Find the following products:
i fx—-D{x+1)

(x—l)(:r’ + x +1)

i, -1 + x% 4 x4 1)

v. G-DEx*+xF+x*+x+1)

v. G-+ x" 4+ x4 xtx 4+ 1)

b. Substitute £ = 10 into each of the products and your answers to show how each of the products
appears as a statement in arithmetic.
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c. Ifwe substituted X = 10 into the product X —2)(r7 + x* +x* +x* + * + x> +x+ 1) and
computed the product, what number would resuit?

d. Multipy @— 2 and & +x* + 25+ x* + x* + x* + x + 1), and express your answer in standard
form.

Substitute * = 10 into your answer, and see if you obtain the same result that you obtained in part

{c).

e. Francoissays & — 07 + x84+ x5 + x4 + x® 42 1 x +1) muyst
equal X7 +x% + x5 +x* + x? + 2% £ x +1 pecause when ¥ = 16 multiplying by "X — 9 "is the
same as multiplyingby 1 .

i, Muttiply @ =97 +xf +x* +xt 42 +x? x4 1)

ii. PutX =10 into your answer.

Isitthesameas X" +X*+ X" +x*+ X +x¥ +x+1 withx = 107

iii. Was Francois right?

COM MON Module 1: Relationships Between Quantities and Reasoning with Equations n
i core engage™
Date; 12/26/13

This werk is licensed under a

€ 2013 Commeon Core, Inc. Some rights resarved. commonoore.org Lreative Commans ibulicn-NonCommercial-Share Alike 3.0 L




NYS COMMON CORE MATHEMATICS CURRICULUM: .~ ©  Mid-Module Assessment Task.

ALGEBRA !
- COMMON Madule 1: Relationships Between Quantities and Reasoning with Equations n
I - CORE and Their Graphs eng' ag'e y 112
Date: 12/26/13
© 2013 Comtnion Core, Inc. Some rights reserved. comoncore.arg HY’ NC-SA {T:t:a:\?ertzni‘:::::d ““?ert:o -MonCommerelal- ika 3.0 Unported




NYS COMMON CORE MATHEMATICS CURRICULUM

Mid-Module Assessment Task

ALGEBRA Y

Assessment STEP1 STEP 2 STEP 3 STEP A
Task ltem Missing or Missing or incorrect | A correct answer A correct answer
incorrect answer answer but with some evidence | supported by
and little evidence | evidence of some of reasoning or substantial
of reasoning or reasoning or application of evidence of solid
application of application of mathematics to reasoning or
mathematics to mathematics to solve the problem application of
solve the problem. | solve the problem. | or an incorrect mathematics to
answer with solve the problem,
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem.
1 a Student was unable Graph reflects Student created axes Student created and
to respond to something related to that depict distance labeled the ¥ -axis to
N-Q.1 guestion, OR student | the problem, but the from the house on the represent distance
N-Q.2 provided a minimal axes do not depict the | ¥ _axis and some fram the house in
attempt to create an | correct units of measurement of time | miles and an * -axis
incorrect graph. distance from the on the ¥ -axis, and the | to represent time (in
house on the y-axis graph represents a minutes past 1:00
and a measurement of | Lagection of what p.m.} AND created a
time on the x-axis, occurred but with graph based on solid
OR the graph indicates | arors in calculations, | reasening and correct
significant errors in missing or erronecus | calculations.
calcula.tions or axis labels, or choice
Teasoning. of units that makes
the graph difficult to
obtain information
from.
b Student answered Student answered Student answered Student answered
incorsectly with no incorrectly but 1:21 p.m. but did not 1:21 p.m. AND either
N-(.1 | evidence of demonstrated some either refer to a referred to a correct
reasoning to support | reasoning in correct graph or graph from part {a) or
the answer, CR explaining the answer. | provide sound provided reasoning
student left item reasoning to support and calculations to
blank. the answer. explain the answer,
OR
Student answered
incorrectly because
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ALGEBRAT

either the graph in
part {a} was incorrect
and the graph was
referenced or because
a minor calculation
error was made but
sound reasoning was
used,

Student answered
incorrectly with no
evidence of
reasoning to support
the answer, QR
student left item
blank.

Student answered
incorrectly but
demonstrated some
reasoning in
explaining the answer,

Student answered 6
miles but did not
either refer to the
work in part (a) or
provide sound
reasoning in support
of the answer.

OR

Student answered
incorrectly because
either the work in part
(a) was referenced,
but the work was
incorrect or because a
minor calculation
error was made but
sound reasoning was
used.

Student answered 6
mites and either
referenced correct
work from part {a) or
provided reasoning
and calculations to
support the answer,

N-Q.3

Student left the
question blank, OR
student provided an
answer that reflected
no or very little

Student either began
with an assumption
that was not based on
the evidence of water
being used at a rate of

Student answered
beginning with the
idea that water was
being used at a rate of
approximately 10

Student answered
heginning with the
idea that water was
being used at a rate of
approximately 10
liters/second at noon
AND made correct
calculations to extend
and combine that rate
to consider usage
across 24 hours.

AND

Student defended the
choice by explaining
water usage across
the 24 hours and how
it compares to the
reading taken at noon.

COMMON

CORE

reasoning. approximately 10 fiters/second at noon
liters/second at noon, | but made an errorin
OR student used poor | the calculations to
reasoning in extending | extend and combine
that reading to that rate to consider
consider total use usage across 24 hours,
across 24 hours. OR
Student did not
defend the choice by
explaining water
usage across the 24
hours and how it
compares to the
reading taken at noon.
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b Student left the Student answer is Student answer Student answer
guestion blank, OR outside of the range ranges from “to the ranges from “to the
N-Q.3 | student providedan | from “to the nearest nearest ten” to “to the | nearest ten” to “to
answer that reflected | ten” to “to the nearest | nearest hundred” but | the nearest hundred”
no or very little hundred”, OR is not well supported AND is supported by
reasoning. student answer is by sound reasoning, correct reasoning that
within that range but | OR student answer is expressed
is not supported by an | contains an error in accurately.
explanation. the way the
explanation was
written, even if it was
clear what the student
meant to say.
c Student left the Student answer is not | Student answer is in Student answer is in
guestion blank, OR in the range of 6to 48 | the range of 6 10 48 the range of 6 to 48
N-Q.3 student provided an | checks but provides checks but is only checks, AND student
answer that reflected | some reasoning to given in the form of x | provided solid
no or very little justify the choice, OR | checks per minute or x | reasoning to support
reasoning. student answer is in checks per hour; the the answer.
that range, perhaps answer is well
written in the form of | supported by a
‘every x minutes’ or written explanation,
‘every x hours’ but is OR student answer is
not supported by an given in terms of
explanation with solid | number of checks but
reasoning. is not well supported
by a written
explanation,
3 a Student either did Student answered one | Student answered two | Student answered all
not answer, OR or two of the three of the three correctly three correctly.
A-SSE.1a | Student answered correctly but left the | AND made a
A-SSE.1b incorrectly for all other one blank or reasonable attempt at
three expressions. madle a gross errorin | describing what the
describing what it other gne
represented. represented,
b Student either did Student understood Student understood Student understood
not answer, OR that the expressions that the expressions that the expressions
A-SSE.1a | Student answered represented a portion | represented a portion | represented a portion
A-SSE.1b | incorrectly for all of the orders for each | of the orders for each | of the orders for each
three parts of the color but mis-assigned | color AND correctly color, correctly
guestion, the colors and/for determined which one | determined which one
incorrectly would be larger but would be larger, AND
determined which one | had errors in the way | provided a well
would be larger. the answer was written explanation
worded OR did not for why.
provide support for
Module 1: Relationships Between Quantities and Reasoning with Equations
- SGMMON o G s e engage"’
Date: 12/26/13

& 2013 Comiman Care, Inc. Some rights reserved. commoncore.ang

This wark Is licansed under a
tiva Comy

hs Attribution-NonCommercial-Shareslike 3.0 Unported License,




NYS COMMON CORE MATHEMATICS CURRICULUM

Mid-Module Assessment Task M:I.

ALGEBRA!

n
why m + n would be
larger.
4 | A-SSE.1b | Student left the Student got to the Student attempted to | Student correctly used
A-SSE.2 | question blank, OR correct re-written use structure to re- the process described
student was not ahle | expression of 8(x + 3} | write the expression to arrive at 8{x + 3}
to re-write the but did so by as described, showing | without multiplying
expression multiplying out the the process, but out linear factors AND
successfully, even by | factors first QR did not | student made errors demonstrated the
mudtiplying out the show the work in the process. steps for doing so.
factors first. needed to
demonstrate how
B(x+ 3} was
determined.
5 a-bh Student was unable Student was only able | Student successfully Student answered all
to respond to many to come up with one answered part {a}) AND | four parts correctly
A-SSE.2 | of the questions, OR | option for part (a) identified that the AND completely.
student left several and, therefore, had expressions created in
items blank. only partial work for part (b) were not
part {b), OR student equivalent, but there
answered “Yes” for were minor errors in
the question about the answering of the
equivalent remaining questions.
expressions.
6 a Student left at least Student answered one | Student completed Student completed ali
three items blank, or two items circling task correctly, | four item correctly,
A-SSE.2 | ORstudent answered | incorrectly or left one | AND provided a including exact
at least three items or more items blank. correct ordering of placement of
incorrectly. symbols in the box, parentheses AND
but the answer did not | symbols for the box;
use parentheses or x+{3-x)
multiplication dots.
b Student did not Student attempted Student attempted Student completed
complete either both proofs but made | both proofs but made | hoth proofs correctly,
A-SSE.2 | proof successfully. minor errors in both, an error in one of AND the two proofs
OR student only them. were different from
completed one proof, one another.
with or without
errors.
7 a Student’'s work is Student made more Student made a minor | Student multiplied
blank or than one error in his error in the correctly and
A-APR.1 | demonstrates no multiplication but multiplication. expressed the
understanding of demonstrates some resulting polynomial
multiplication of understanding of as a sum of
polynomials. multiplication of monomials.
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polynomials.
b Student’s Student used Student made only Student made no
explanation is language that did not | minor errors in the errors in the use of
A-APR.1 | missing or did not indicate an use of mathematically | mathematically
demonstrate a level understanding of base | correct language to correct language to
of thinking that was x and/or the place relate the new relate the new
higher than what was | value system. Student | number to the old in number to the old in
given in the may have used terms of place value terms of place value
problem’s language such as and/or the use of base | and/or the use of base
description of shifting or moving. x x
Ahmed’s thinking.
8 a—c Student showed Student made Student made one or | Student completed all
limited or no multiple errors but two minor errors but products correctly,
A-APR.1 | understanding of showed some demonstrated expressing each as a
polynomial understanding of knowledge of sum of monomials
multiplication and of | polynomial polynomial with like terms
evaluating a multiplication. multiplication and collected, and
polynomial for the Student may not have | combining like terms evaluated correctly
given value of X . combined like terms to create the new when x is 10.
to present the product | polynomial. Student
as the sum of also showed
monomials. understanding of
evaluating a
polynomial for the
given value of ¥,
d Student showed Student made Student made one or | Student correctly
limited or no multiple errors but two minor errors but multiplied the
A-APR.1 | understanding of showed some demonstrated polynomials and
polynomial understanding of knowledge of expressed the product
multiplication and of | polynomial polynomiai as a polynomial in
evaluating a multiplication. multiplication and standard form.
polynomial for the Student may not have | combining fike terms Student correctly
given value of ¥ . combined like terms to create the new evaluated with a value
to present the product | polynomial. Student of 10 and answered
as the sum of also showed “Yes”.
monomials. Student understanding of
may have gotten an evaluating a
incorrect result when | polynomial for the
evaluating with given value of X ,
=10 |
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A-APR.1

Student was not able
to demonstrate an
understanding that
part iii is “No” and/or
demonstrated
limited or no
understanding of
polynomial
multiplication.

Student may have
some errors as he
multiplied the
polynomiats and
expressed the product
as a sum of
monomials. Student
may have some errors
in the calculation of
the value of the
polynomial when ¥ is
10. Student
incorrectly answered
part iit or applied
incorrect reasoning.

Student may have
made minor errors in
multiplying the
polynomials and
expressing the
product as a sum of
monomials. Student
may have made minor
errors in calculating
the value of the
polynomial when ¥ is
10. Student explained
that the hypothesized
equation being true
when ¥ = 10 dpes
not make it true for all
real ¥ and/for
explained that the two
expressions are not
algebraically
equivalent.

Student correctly
multiplied the
polynomials and
expressed the product
as a sum of
menotnials with like
terms coliected.
Student correctly
calculated the value of
the polynomial when
 is 10. Student
explained that the
hypothesized
equation being true
when ¥ = 10 does
not make it true for alt
real ¥ and/for
explained that the two
expressions are not
algebraically
equivalent.
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Name Date

1. lacob lives on a street that runs east and west. The grocery store is to the east and the post office is to

the west of his house. Both are on the same street as his house. Answer the questions below about the
following story:

At 1:00 p.m., Jacob hops in his car and drives at a constant speed of 25 mph for 6 minutes to the post
office. After 10 minutes at the post office, he realizes he is late, and drives at a constant speed of 30 mph
to the grocery store, arriving at 1:28 p.m. He then spends 20 minutes buying groceries.

a. Draw a graph that shows the distance Jacob’s car is from his house with respect to time. Remember
to label your axes with the units you chose and any imporiant points (home, post office, grocery

store),
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b. On the way to the grocery store, Jacob looks down at his watch and notes the time as he passes his
house. What time is it when he passes his house? Explain how you found your answer.
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to complete his errands? Show how you found your answer.
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if he drives directly back to his house after the grocery story, what was the total distance he traveled

Jason is collecting data on the rate of water usage in the tallest skyscraper in the world during a typical

day. The skyscraper contains both apartments and businesses. The electronic water meter for the
building displays the total amount of water used in liters. At noon, Jason looks at the water meter and
notes that the digit in the ones place on the water meter display changes too rapidly to read the digit and
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ALGEBRA!

that the digit in the tens place changes every second or so.

a. Estimate the total number of liters used in the building during one 24-hour day. Take into account
the time of day when he made his observation. (Hint: Will water he used at the same rate at 2:00
a.m. as at noon?). Explain how you arrived at your estimate.
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b. To what level of accuracy can Jason reasonably report a measurement if he takes it at precisely 12:00
p.m.? Explain your answer.
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¢. The meter will be checked at regular time spans (for example, every minute, every 10 minutes, every
hour). What is the minimum {or smallest) number of checks needed in a 24-hour period to create a
reasonably accurate graph of the water usage rate with respect to time? (For example, 24 checks
would mean checking the meter every hour; 48 checks would mean checking the meter every half
hour.} Defend your choice by describing how the water usage rate might change during the day and
how your choice could capture that change.
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3. A publishing company orders black and blue ink in bulk for its two-color printing press. To keep things
simple with its ink supplier, each time it places an order for blue ink, it buys 8 gallons, and each time it
places an order for black ink, it buys K gallons. Over a one-month period, the company places 7 orders
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of blue ink and . orders of black ink,

a. What guantities could the following expressions represent in terms of the problem context?
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h. The company placed twice as many orders for black ink than for blue ink in Janﬁary. Give
interpretations for the following expressions in terms of the orders placed in January,

m (4
ma+n and m4+n,

and explain which expression must be greater using those interpretations.
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4. Sam says that he knows a clever set of steps to rewrite the expression
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ALGEBRA

x+ 3)@x+ 8)— 3x(x+ 3)

as a sum of two terms where the steps do not invoive multiplying the linear factors first and then
collecting like terms. Rewrite the expression as a sum of two terms (where one term is a number and the
other is a product of a coefficient and variable) using Sam’s steps if you can.

Fowp

5. Using only the addition and multiplication operations with the numbers 1, 2, 3, and 4 each exactly once, it
is possible to build a numeric expression (with parentheses to show the order used to build the
expression) that evaluates to 21. For example, 1+((2+3) - 4) is one such expression,

a. Build two more numeric expressions that evaluate to 21 using the criteria above. Both must be
different from the example given.
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ALGEBRA !

b. in both of your expressions, replace 1 with g, 2 with b, 3 with ¢, and 4 with d to get two algebraic
expressions. For example, a + {(b + ¢) - d) shows the replacements for the example given.

Are your algebraic expressions equivalent? Circle: Yes

» If they are equivalent, prove that they are using the properties of operations.
» If not, provide two examples:

(1) Find four different numbers (other than 0, 1, 2, 3, 4} that when substituted for a, b, ¢, and
d into each expression, the expressions evaluate to different numbers, and

. . g - < -
e ~ [T M e ot
- B

(2) Find four different, non-zero numbers that when substituted into each expression, the
expressions evaluate to the same number.
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ALGEBRA |

6. The diagram below, when completed, shows all possible ways to huild equivalent expressions of 3x° using
multiplication. The equivalent expressions are connected hy labeled segments stating which property of
operations, A for Associative Property and € for Commutative Property, justifies why the two expressions
are equivalent. Answer the following questions about 3x* and the diagram.

(3-x)‘x:©‘;

f

D o @
X

y ¥
3:(x-x) (X3} X |l ¥ - (x - 3)

©
© B

x-x)-3

a. Fillin the empty circles with A or € and the empty rectangle with the missing expression to complete
the diagram.

b. Using the diagram above to help guide you, give two different proofs that (£ +x) 3= - x)-x

7. Ahmed learned: "To multiply a whole number by ten, just place a zero at the end of the number." For
example, 2813 X 10  he says, is 28,130 _ He doesn’t understand why this “rule” is true.

a. What is the product of the polynomial, 2x* + 8x* + X + 3 times the polynomial, X ?

2x% + BXD + X2 + Bx

b. Use part (a) as a hint. Explain why the rule Ahmed learned is true.

When you multiply by the same number as the base, it creates a new number where each digit in the

original number is now one place -value higher so that there is nothing left (no numbers) to represent
the ones’ digit, which leads to a trailing “O” in the ones’ digit.
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ALGEBRA 1

a. Find the following products:
i - D{x+1)
X+ —x -1

X2 -1

i =D+ x +1)

X2+ KR X —x2—x—1

xX* -1

i, =1 + 2 + x4+ 1)

XK+ X2+ X2+ X = X3 = x> =X~ 1
xt -1

v, G—1)* 4+ x¥ 4+ 2% + x4+ 1)

L U R I A e I I et X

xs -1

v. O-DE*+x* 1+ + x4+ 2741+ 1)

xmt:l. — 1

b. Substitute * = 10 into each of the products and your answers to show how each of the products
appears as a statement in arithmetic.

i. (20 - 1¥10 + 1) = (100 ~ 1)
q9(11) = 99
if. (10 — 1)}100 + 10 + 1) = (1000 - 1)
q(111) = 999
fii. (10 = 1)1000 + 100 + 10 + 1) = (10,000 - 1)
(1111) = 99949
: COM!\/{\b[\(ﬁT — 1Y(10,000 + 1000 + 100 + 10 + 1) = (100,000 — 1)
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ALGEBRA |

c. If we substituted ¥ = 10 into the product {x —2Xx7 + x® +x% +x* + x¥ +x? + x+ 1) and
computed the product, what number would result?

8(11,111,111) = 88,888,888

d. Multiply €& = 2Y and &7 +x* + 2%+ x* + x? + 27 + x + 1) and express your answer in standard
form.

XE + X7 4+ X6+ X5 + XF X3 4 ) X = 2XT e 2xE - 2x5 - 20— 2KP— 242 - 0 — 2

KE = KT o X om X e g e (B e x2 =K = 2

Substitute X = 10 into your answer and see if you obtain the same result as you obtained in part (c).

108 — 107— 106~ 105~ 10%— 10%—- 102~ 10— 2 = 88,888,888, Yes, | get the same answer.

e. Francois says @ — 907 + 2% + 2% + x4+ 2 + 27 +x + 1) muyst
equal X7 +x®+ x% +x* + x? + %% £ x +1 pecause when ¥ = 10 multiplying by "* — 9 " is the
same as muitiplying by 1 .

i Multiply ¢ —9¥x7 +x8+ % +x* +x? 4 2* +x+1)

X8 — BT — &x® — 8x° — gxt — 8x% — 8x2 — 8x - 9

ii. Put ¥ = 10 jnto your answer.

100,000,000 — 80,000,000 — 8,000,000 — 800,000 — 80,000 — 8,000 — 8300 — 8¢ — 9
100,000,000 — 88,888,889 = 11,112,111

Isitthesameas X + 2%+ x5 +x* +x? +1 +x+1 withx = 107

Yes.

iii. Was Francois right?
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ALGEBRA
No, just because it is true when X is 10, doesn’t make it true for all veal
x. The two expressions are not algebraically equivalent.
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ALGEBRAY

Name Date

1. Solve the following equations for ¥ . Write your answer in set notation,

a. 3Ix—-5=186

b, 3(c+3)—5=16

c. 32x-3)-5=16

d 60+3)-10= 32

e. Which two equations above have the same solution set? Write a sentence explaining how the
properties of equality can be used to determine the pair without having to find the solution set for

each.
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ALGEBRA Y

2. tetC and @ be real numbers.

a. ¢ =42+ 4d jstrue, then which is greater: ¢ or @ , or are you not able to tell? Explain how you
know your choice is correct.

b. f¢=42—4a istrue, then which is greater: € or , orare you not able to tell? Explain how you
know your choice is correct.

3. 2 <0 and ¢ > ¥ circle the expression that is greater:
alb~¢c) o oalc—Db)

Use the properties of inequalities to explain your choice.
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4. Solve for x in each of the equations or inequalities below, and name the property and/or properties used:

- COMMON
#* CORE

& 2013 Common Core, Inc. Some rights reserved, commoncane.ong

10+ 3x = 5x

a+x=25

“X—g«m

g+ix=7Tx—7r
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ALGEBRA |
3(x+ 2)=6{x+12}
g 4 -
h, 3(5-5x}: 5x
5. The equation 3x +4 =35x — 4 hag the solution set {4}.
a. Explain why the equation Gx +4)+ 4 = (5x — )t ¢ also has the solution set {4}.
i CO M MON Module 1: Relationships Between CGuantitles and Reasoning with Equations
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ALGEBRA ¥

b. In Part (a), the expression {31+ 4) + 4 s equivalent to the expression 3X + 8 . What is the
definition of equivalent expressions? Why does changing an expression on one side of an equation
to an equivalent expression leave the solution set unchanged?

¢. When we square both sides of the original equation, we get the following new equation:
(3x +14) = (Gx—4)*
Show that 4 is still a solution to the new equation. Show that O is also a solution to the new

equation but is not a solution to the original equation. Write a sentence that describes how the
solution set to an equation may change when hoth sides of the equation are squared.
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ALGEBRA

d. When we replace ¥ by %% inthe original equation, we get the following new equation:

3Ix?+4=5x2-4

Use the fact that the solution set to the original equation is {4} to find the solution set to this new
equation.

6. The Zonda Information and Telephone Company (ZI&T) calculates a customer’s total monthly cell phone
charge using the formula,

C={®+rmIl 40

where € is the total cell phone charge, ¥ is a basic monthly fee, T is the rate per minute, M is the
number of minutes used that month, and ¥ is the tax rate.

Solve for M , the number of minutes the customer used that month.
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7. Students and adults purchased tickets for a recent basketball playoff game. All tickets were sold at the
ticket booth—season passes, discounts, etc. were not allowed.

Student tickets cost $5 each, and adult tickets cost 510 each.
A total of $4500 was collected. 700 tickets were sold.,

a. Write a system of equations that can be used to find the number of student tickets, s, and the
number of adult tickets, o, that were sold at the playoff game,

b. Assuming that the number of students and adults attending would not change, how much more
money could have been collected at the playoff game if the ticket booth charged students and adults
the same price of $10 per ticket?

c. Assuming that the number of students and adults attending would not change, how much more
money could have been collected at the playoff game if the student price was kept at $5 per ticket
and adults were charged $15 per ticket instead of $10?
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8. Alexus is modeling the growth of bacteria for an experiment in science. She assumes that there are B
bacteria in a Petri dish at 12:00 noon. In reality, each bacterium in the Petri dish subdivides into two new
bacteria approximately every 20 minutes, However, for the purposes of the model, Alexus assumes that
each bacterium subdivides into two new bacteria exactly every 20 minutes.

a. Create a table that shows the total number of bacteria in the Petri dish at 1/3 hour intervals for 2
hours starting with time 0 to represent 12:00 noon.

b. Write an equation that describes the relationship between total number of bacteria T and time 2 in
hours, assuming there are B bacteria in the Petridishat R =0

c. If Alexus starts with 100 bacteria in the Petri dish, draw a graph that displays the total number of

bacteria with respect to time from 12:00 noon {# =0 ) t0 4:00 p.m. {R = 4 ). Label points on your
graph attime b= 0,1,2,3,4.
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ALGEBRA

d. For her experiment, Alexus plans to add an anti-bacterial chemical to the Petri dish at 4:00 p.m. that
is supposed to kill 99.9% of the bacteria instantaneously. If she started with 100 bacteria at 12:00
noon, how many live bacteria might Alexus expect to find in the Petri dish right after she adds the

anti-bacterial chemical?

9. Jack is 27 years older than Susan. In 5 years time he will be 4 times as old as her.

a. Find the present ages of Jack and Susan.

b. What calculations would you do to check if your answer is correct?
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ALGEBRA [

10.
a. Find the product: &% — x + 1)2x* +3x +2)

b. Use the results of part (a) to factor 21:112 a5 a product of a two-digit number and a three-digit
number.

11. Consider the following system of equations with the solutionx =3,y = 4,
EquationAl: y=x+1
Equation A2: ¥ = —2x+ 10

Y=X*1

(3.4)

\f=-2x410

a. Write a unique system of two linear equations with the same solution set. This time make both linear
equations have positive slope.

Equation B1:
Equation B2:
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b. The following system of equations was obtained from the original system by adding a multiple of
equation A2 to equation Al,

EquationCl: Y=%¥+1
Equation C2: 3y =—3x+21

What multiple of A2 was added to A1?

c. What is the solution to the system given in part {b)?

d. For any real number M , the line ¥ = m{x —3)+4 passes through the point (349
Is it certain, then, that the system of equations
EquationD1: Y=x+1
EquationD2; ¥ =mlxr—3)+4

has only the solution * =3 | ¥ = 4 ? Explain.
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12. The local theater in Jamie’s home town has a maximum capacity of 160 people. Jamie shared with Venus
the following graph and said that the shaded region represented all the possible combinations of adult
and child tickets that could be sold for ane show.

(0. 160}
c. the number of child tickets sold
a: the number of aduit tickets sold

(160, 0}

a. Venus objected and said there was more than one reason that famie’s thinking was flawed. What
reasons could Venus be thinking of?
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b. Use equations, inequalities, graphs, and/or words to describe for Jamie the set of all possible
combinations of adult and child tickets that could be sold for one show.

¢. The theater charges $9 for each adult ticket and $6 for each child ticket. The theater sold 144 tickets
for the first showing of the new release, The total money collected from ticket sales for that show
was $1164. Write a system of equations that could be used to find the number of child tickets and
the number of adult tickets sold, and solve the system algebraically. Summarize your findings using
the context of the problem.
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Assessment STEP 1 STEP 2 STEP 3 STEP 4
Task ltem Missing or Missing or incorrect | A correct answer A correct answer
incorrect answer answer but with some evidence | supported by
and little evidence | evidence of some of reasoning or substantial
of reasoning or reasoning or application of evidence of solid
application of application of mathematics to reasoning or
mathematics to. mathematics to solve the problem, | application of
solve the problem. | solve the problem. | OR an incorrect mathematics to
answer with solve the problem,
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem,
1 a-d Student gave a short | Student showed at Student solved the Student solved the
incorrect answer QR | least one correct step, | equation correctly equation correctly
A-RELL1 | left the guestion but the solution was (every step that was (every step that was
blank. incorrect. shown was correct) shown was correct)
but did not express AND expressed the
the answer as a answer as a solution
solution set. set.
e Student did not Student answered h Student answered b Student answered b
answer OR answered | and d but did not and d but made minor | and d AND articulated
A-SSE.1p | incorrectly with demonstrate solid misstatements in the solid reasoning in the
A-REL3 something other reasoning in the explanation. explanation.
than b and 4. explanation.
2 a-b Student responded Student responded Student responded Student responded
incarrectly OR left correctly that ¢ must correctly that ¢ must correctly that c must
A-CED.3 | the question blank. be greater but did not | be greater but gave an | be greater AND
use solid reasening to | incomplete or slightly | supported the
explain the answer. incorrect explanation statement with solid,
of why. well-expressed
reasoning.
3 a Student responded Student responded Student responded Student responded
incorrectly OR left correctly by circling correctly by circling correctly by circling
A-SSE.1p | the question blank. the expression on the | the expression on the | the expression on the
left but did not use left but gave limited left AND gave a
solid reasoning to explanation QR did complete explanation
explain the answer. not use the properties | that used the
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of inequality in the properties of
explanation. inequality.
b Student was unable Part (b) was answered | Student provided Student provided solid
to respond to incorrectly, limited expression of reasoning with
A-SSE.1b | Guestion OR left the reasoning. examples.
items blank.
4 a-h Student answered Student answered Student answered Student answered
incorrectly with no incorrectly but had correctly but did not correctly AND
A-REL1 correct steps shown. | one or more correct express the answer as | expressed the answer
A-REL.3 steps. a solution set. asa solution‘set.
5 a Student did not Student demonstrated | Student demonstrated | Student answer was
answer QR only limited solid reasoning but fell | complete AND
A-RElL1 | demonstrated reasoning, short of a complete demonstrated solid
incorrect reasoning answer or made a reasoning throughout.
throughout. minor misstatement in
the answer,
b Student did not Student made more Student provided a Student answered
answer OR did not than one mostly correct completely AND used
A-RElL1 | demonstrate misstatement in the definition with a a correct definition
understanding of definition, minor misstatement. without error or mis-
what the question statement.
was asking.
c Student made Student conducted Student conducted Student conducted
mistakes in both both verifications but | both verifications AND | both verifications
A-REL1 | verifications and fell short of articulated valid without error AND
demonstrated articulating reasoning | reasoning to answer articulated valid
incorrect reasoning to answer the the question but reasoning to answer
OR left the question question. made a minor errorin | the question.
btank. the verification or a
minor misstatement in
the explanation.
d Student answered Student identified one | Student identified Student identified
incorrectly OR does or both solutions but only one soluticn bath solutions
A-REIL.1 | notanswer. was unable to convey | correctly but correctly AND
how the solutions articulated the articulated the
could be found using reasoning of using the | reasoning of using the
the fact that 4 is a solution to the original | solution to the original
solution to the original | equation to find the equation to find the
equation. solution to the new solution to the new
equation. equation.
M 1 Relationships Between Quantities and R ing with Equations
| : 88%}\10]\! odule Relation| GI:aphs Quantities and Reasoning q engage ny
Date: 12/26/13

& 2013 Commen Core, Inc. $ome rights reserved, commoncore.org




NYS COMMON CORE MATHEMATICS CURRICULUM

End-of-Module Assessrﬁent Task: Ml

ALGEBRA |

6 A-CED.4 | Student did not Student made more Student answer Student answered
answer OR showed than one errer in the showed valid steps correctly.
no evidence of solution process but but with one minor
reasoning. showed some error.
evidence of reasoning.
7 a-c Student was unable Student answered one | Student showed solid | Student answered
to answer any part correctly OR evidence of reasoning | every part correctly
A-CED.3 | portion correctly. showed some in every part but may | AND demonstrated
evidence of reasoning | have made minor and expressed valid
in more than one part. | errors. reasoning throughout.
a a Student provided no | Datatableis Data table is complete | Data table is complete
table OR a table with | incomplete OR has but may have one AND carrect with
A-CED.2 | multiple incorrect more than one minor | error OR slightly correct headings.
entries. error. inaccurate headings.
b Student provided no | Student provided an Student provided a Student provided a
eqguation OR an incorrect equation but | correct answer in the correct answer in the
A-CED.2 | equation that did not | one that modeled formof T = B{2)™ | form of T = BB® R
represent exponential growth. in more than one form
exponential growth. suchasT = B(2)%*
and T = B8,
c Student provided no | Student provided a Student-created a Student created
graph OR a grossly graph with an graph with correct complete graph with
A-CED.2 | inaccurate graph. inaccurate shape but general shape but correctly labeled axes
provided some may have left off OR AND correctly labeled
evidence of reasoning | made an error on one | data points {(or a data
in labeling the axes or two axes or data table) showing the
and/or data points. points. values forh =0, 1, 2,
3,4.
d Student provided no | Student provided Student answered Student answered
answer OR an limited evidence of that 409.6 bacteria that 410 or about 410
A-CED.2 | incorrect answer reasoning AND an would be alive. bacteria would be
with no evidence of incorrect answer. alive.
reasoning in arriving
at the answer.
9 a Student wrote Student answers were | Both equations were Both equations were
incorrect equations incorrect, but at least | correct, but student correct AND student
A-CED.1 | @R did not provide one of the equations made a minor mistake | solved them correctly
equations. was correct, Student in finding the solution. | to arrive at the answer
may have made a that fack is 31 and
gross error in the Susan is 4.
solution, made more
than one minor error
in the solution
a Module 1: Relationships Betws ntiti i i i
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process, OR may have
had one of the two
equations incorrect.

ALGEBRAT

] Student did not Student articulated Student articulated Student articulated
answer OR gave a only one of the the two calculations both calcutations
A-RE|.3 | completely incorrect | calculations correctly. | but with a minor mis- | correctly.
answer, statement in one of
the descriptions.
10 a-b Student work is blank | Student made more Student demonstrated | Student demonstrated
or demonstrates no than one error in the the ability to muitiply | the ability to multiply
A-APR.1 | understanding of multiplication but the potynomials the polynomials
multiplication of demonstrated some {expressing the (expressing the
polynamials, nor how | understanding of product as a sum of product as a sum of
to apply part (a) to multiplication of monomials with like monomials with like
arrive at an answer polynomials. Student | terms combined) and | terms combined) and
for part (b). may not have heen to apply the structure | to apply the structure
able to garner or apply | from part o to solve from part a to solve
information from part | part b. There may be | part p as: 91(232)
o to use in answering minor errors.
part b correctly.
11 a Student was unable Student provided two | Student showed one Student provided two
to demonstrate the equations that have minor error in the equations both
A-REI.6 | understanding that (3, 4) as a solution {or | answer but attempted | containing {3,4)as a
two equations with attempted to provide | to provide two solution and both with
{3, 4) as a solution such equations) but equations both positive slape.
are needed. macde one or more containing (3, 4) as a
errors. Student may solution and both with
have provided an positive slope.
equation with a
negative slope.
b Student was unable Student identified the | N/A Student correctly
to identify the multiple as 3. identified the multiple
A-REL.6 | multiple correctly. as 2,
C Student was unable Student showed some | Student made a minor | Student successfully
to demonstrate even | reasoning required to | error in finding the identified the solution
A-REILLG | @ partial find the solution but solution point. point as (3-43,
understanding of made multipte errors,
how to find the
solution to the
system.
: : ationshi ) L i
| ggf\R/}E MON Module 1 :ﬁda‘tljﬁziihel:; Eﬁzween Quantities and Reasoning with Equations engag_eny
Date: 12/26/13

@ 2013 Common Cote, Inc. Some rnights reserved. commontare.org




NYS COMMON CORE MATHEMATICS CURRICULUM

End-of-Module Assessment Task M1

ALGEBRA
d Student was unable Student concluded yes | Student correctly Student correctly
to answer or to or no but was only explained that allthe | explained that while in
A-RELS | support the answer able to express limited | systems would have most cases this is true,
A-RELG | With any solid reasoning in support | the solution point thatifm = 1 the
A-REL10 reasoning. of the answer. (3.4 putincorrectly | two lines are
assumed this is true coinciding lines,
for all cases of M | resulting in a solution
set consisting of all
the points on the line.
12 a Student was unable Student was only able | Student provided two | Student was able to
to articulate any to articulate one sound reasons but articulate at least 2
MP.2 sound reasons. sound reason. made minor errors in valid reasons. Valid
A-REL12 the expression of reasons include the
reascning. following: the graph
assumes x could be
less than zero, the
graph assumes y could
be less than zero, the
graph assumes a and
b could be non-whole
numbers, the graph
assumes 160 children
could attend with no
adults.
b Student was unable Student provided a Student made minor Student
to communicate a verbal description that | errorsin communicated
A-CED.? | relevant requirement | lacked precision and communicating the effectively that both
A-REL10 of the solution set. accuracy but idea that both {a) and | (a} and (b} must be
A-REIL12 demonstrated some (b) must be whole whole numbers whose
reasoning about the numbers whose sum sum is less than or
solution within the is less than or equal to | equal to 160.
context of the 160.
problem,
c Student was unable Student made Student made minor Stuclent correctly
to demonstrate any multiple errors inthe | errorsin the wrote the equations
A-CED.2 | substantive equations and/or equations but solved | to represent the
A-RELG understanding in solving process but the system accurately, | system. Student
how to create the demonstrated some or the student created | solved the system
equations and solve understanding of how | the correct equations | accurately and
the system of to create equations to | but made a minor summarized by
equations. represent a context error in solving the defining or describing
and/ar solve the system of equations, the values of the
system of equations. variable in the context
of the problem: that
there were 100 adult
tickets and 44 child
Module 1: { ips Between Quantities a i i i
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tickets sold.

Name Date

1. Solve the following equations forx. Write your answer in set notation.

a. 3x-5=16

3x = 21 Solution set: {7}

b. 3x+3)-5=16

Ix+9-5=16 Solution set: {4}
3x =12
x=4

c. 32x-3)-5=16
éx -4 -5= 16 Selution set: {53}
6x — 14 = 16
6X = 30
x=5

d. 6(x+3)-10=32

6x +18 - 10 =32  Solution set: {4}
6x = 24
X=4

I i COMMON | modute1: Relationships Between Quantities and Reasoning with Equations
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e. Which two equations above have the same solution set? Write a sentence explaining how the
properties of equality can be used to determine the pair without having to find the solution set for
each.

Problems (b) and (d) have the same solution set. The expressions on each side of the equal sign for d are
twice those for b. So, if (left side) = (right side) is true for only some x-values, then 2(left side) = 2(right
side) will be true for exactly the same x-values. Or simply, applying the multiplicative property of
equality does not change the solution set.

2. Let ¢ and d be real numbers.

a. If ¢ =42+ d is true, then which is greater: ¢ or d or are you not able to tell? Explain how you know
your choice is correct.

¢ must be greater because ¢ Is always 42 more than d.

b. If ¢ =42 —d istrue, then which is greater: ¢ or d or are you not able to tell? Explain how you know
your choice is correct.

There is no way to tell. We only know that the sum of ¢ and d is 42. (F d were 10, ¢
would be 32 and, therefore, greater than d. But if d were 40, ¢ would be 2 and,

therefove, less than d.

3. If a<0and ¢ > b, circle the expression that is greater:

or alc—b)

Use the properties of inequalities to explain your choice.

Since ¢ > b, Since ¢ > b,
it follows that © > b - ¢. it follows that ¢ — b > 0.
So (b-¢) is negative. So (¢-b) is positive.
And since a < @, a is negative. And since a is negative,
And the product of two negatives will be the product of a(c-b) is negative.
positive, So, alc-b) < a(b-¢).
I _ gtg% MON | Modute1: ::?-trnﬁzisrhg; :::ween Quantities and Reasoning with Equations e n g_ageny _32_8;
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4. Solve for x in each of the equations or inequalities below and name the property and/or properties used:

" ;x =9 XK= q(3/4) Multiplication Property of Equality
x=12
b, 10+3x = 5x 10 = 2x Addition Property of Equality
5=x
X=b-a Addition Property of Equality
c. a+x=0"h
x=d/e,c?0 Multiplication Property of Equality
d cx=d
. %x _g<m %“X<Mm+g Addition Property of Equality
X < 2(m+g) Multiplication Property of Equality
g+r=2x Addition Property of Equality
2 COMMON | Modutes: (9 febdbasiipdBetween cuantlfi il icabinn, muepastunel Equality n
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f g+5%x=Tx-7r

%(x-[-z]m 6(x +12)

g
B(x+2) = 24{x + 1.2} Muftiplication Property of Equality
3x+ 6 = 24X + 288 Distributive Property
-2.82/21 = X Addition Property of Equality
-44/7 = X

b 3(6-5x) > 5x

15 — 15x > 5x Distributive Property
15> 20 X Addition Property of Inequality
%o x

5. The equation, 3% +4 = 32X — 4 has the solution set {4).

a. Explain why the equation, 3% + 4)+ 4 = (3x - 4) + 4. 3(s0 has the solution set {4}.

Since the new equation can be created by applying the additive property of equality,

the solution set does not change.
or:

Each side of this equation is 4 more than the sides of the original equation. Whatever

- SOMMEONalerue e = sifssprapssumOus Vseaes SRS BRERSLS 4« cq ny
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b. In Part (a), the expression (3% + 4) + 4 is equivalent to the expression 3% + 8 _ What is the
definition of equivalent algebraic expressions? Describe why changing an expression on one side of
an equation to an equivalent expression leaves the solution set unchanged?

Algebraic expressions are equivalent if (possibly repeated) use of the Distributive, Associative,
and Commutative Properties, and/or the properties of rational exponents can be applied to

one expression to convert it to the other expression.

When two expressions are equivalent, assigning the same value to x in both expressions will give
an equivalent numerical expression which then evaluates to the same number. Therefore,

changing the expression to something equivalent will not change the truth value of the

equation once values are assigned to x.

¢. When we square both sides of the original equation, we get the following new equation:
3x+4)=(Bx—-4)

Show that 4 is still a solution to the new equation. Show that 0 is also a solution to the new
equation but is not a solution to the original equation. Write a sentence that describes how the
solution set to an equation may change when both sides of the equation are squared.

(3 4 + 4 = (5°4-4) gives 162 = 162 which is true.
(3¢ O + 4 = (520-4)* gives 4% = (-4 which is true.
But, (3+ O + 4) = (5°0-4) gives 4 = -4 which is false.

When both sides are squared, you might introduce new numbers to the solution set because

statements like 4 = —4 arve false, but statements like 42 = (4 are true.

= COMMON | Moduie 1: Relationships Between Quantities and Reasoning with Equations ny
L CORE and Their Graphs eng ag e
Date: 12726413

& 2013 Common Cote, Ine. Some rights reserved. commangare.org

331



NYS COMMON CORE MATHEMATICS CURRICULUM - End-of-Module Assessment Task

ALGEBRA I

d. When we replace ¥ by %% in the original equation, we get the following new equation:
3x2+4=5x3 -4

Use the fact that the solution set to the original equation is {4} to find the solution set to this new
equation.

Since the original equation 3x + 4 = Sx — 4 was true when X = 4, the new equation 3x2 + 4
= 5k% — 4 should be true when x* = 4. And, x* = 4 when x = 2 or whan x = =2, so the

solution set to the new equation is {—2, 2}.

6. The Zonda Information and Telephone Company (ZI&T) calculates a customer’s total monthly cell phone
charge using the formula,

C=G+mrm)1+1),

where € is the total cell phone charge, b is a basic monthly fee, ¥ is the rate per minute, 71 is the
number of minutes used that month, and ¢ is the tax rate.

Solve for ™ | the number of minutes the customer used that month.

- COMMON | wmodule1: Relationships Between Quantities and Reasoning with Equations ny
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7. Students and aduits purchased tickets for a recent basketball playoff game. All tickets were sold at the
ticket hooth—season passes, discounts, etc. were not allowed,
Student tickets cost 55 each, and adult tickets cost 510 each.
A total of 54500 was collected. 700 tickets were sold.
a. Write a system of equations that can be used to find the number of student tickets, s, and the
number of adult tickets, g, that were soid at the playoff game,
S o
C5e L 10 = 4500
R T e T e
b. Assumning that the number of students and adults attending would not change, how much more
money cowld have been colflected at the playoff game if the ticket booth charged students and adults
the same price of $10 per ticket?
00« Fio w000
g Ty - S Yo By TTAD e g,
€. Assuming that the number of students and adults attending would not change, how much more
money could have been collected at the playoff game if the student price was kept at $5 per ticket
and adults were charged $15 per ticket instead of $10? Su b iya S o
X . ] f} P LY R N PR o
Forse @obye, Ay N TS s . R BT

A o . a # PO .
S Sy v s o w YT E60 35 reore pasr
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8 Alexus is modeling the growth of bacteria for an experiment in science, She assumes that there are B
bacteria in a Petri dish at 12:00 noon. In reality, each bacterium in the Petri dish subdivides into two new
bacteria approximately every 20 minutes. However, for the purposes of the model, Alexus assumes that
each bacterium subdivides into two new bacteria exactly every 20 minutes.

a. Create a table that shows the total number of bacteria in the Petri dish at 1/3 hour intervals for2
hours starting with time 0 to represent 12:00 noan.

o 3 A I

b. Write an eguation that describes the relationship between total number of bacteria T and time AZin
hours, assuming there are B bacteria in the Petri dish at /z = 0.

2}\

of T )' ) «.:Zé-.

s
i

¢. if Alexus starts with 100 bacteria in the Petri dish, draw a graph that displays the total number of
bacteria with respect to time from 12:00 noon {# = 0) to 4:00 p.m. {/z = 4}. Label points on your
graph attime 2= 0,1,2,3, 4.

H O 3 5ot ﬁl,,)
06,000 7
Lo /
iy I,-"
s L !
R
5 T 1573 i “}K“ / 3
3 Oy T a0l foa O L T
LS T =
< ( L_\ ] - Mmﬂ,«u'/ 1 h
I S e S L
+ ? ;r ‘-+
Ty e foyr oads TRl - B J,‘)
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d. For her experiment, Alexus plans to add an anti-bacterial chemical to the Petri dish at 4:00 p.m. that
is supposed to kill 99.9% of the bacteria instantaneously. if she started with 100 bacteria at 12:00
noon, how many live bacteria might Alexus expect to find in the Petri dish right after she adds the
anti-bacterial chemical?

( 44 ) H04, 00O = 4H0%.4

i Lioio \f, { ','"i'f?:-’
obout 410 live bacieria,

9. Jackis 27 years older than Susan. In 5 years time he will be 4 times as old as her,

a. Find Jack and Susan’s present age.

—— . 4
Jack 1o 5
o RN T S T,
is \J ool TR Anl - Stefawn g O '
oS Bousarvs o A8 e T
- I
: YIS , Pt .
LY ST R S b R R ) N
3 ‘,“ /) - oA
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10.

a. Find the product:

2x% 4+ BKE + 2XP - 2X3 — BXP 20 +2XF + DX+ 2
2xF + XZ R F X+ 2

b. Use the results of part {(a) to factor 21,112 as a product of a two-digit number and a three-digit
number.

(100 — 10 + 1Y 200 + 30 + 2)

(21)(232)

11. Consider the following system of equations with the solutionx =3,y = 4.
EquationAl: ¥=x+1
Equation A2: ¥ =—2x+10

y=x+l

(3.4)

\ y=-2x+10

a. Write a unigue system of two linear equations with the same solution set. This time make both linear
equations have positive slope.

. = 4/3 X
Equation B1: _ Y
y=x+1
Module 1: Relationships Between Quantities and Reasoning with Equations n
e s engage"’
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Equation B2;

b. The following system of equations was obtained from the original system by adding a multiple of
equation A2 to equation A1,

EquationCi: Y¥=x+1
EquationC2: 3y =-—-3x+21

What multiple of A2 was added to A1?

2

¢. What is the solution to the system given in part {b)?
(3, 4)

d. For any real number ™ , the line ¥ = m{x — 3)+ 4 pagses through the point (3:4) .

Is it certain, then, that the system of equations:
EquationDL: ¥Y=xt1
EquationD2: y=m{x —3)+4

has only the solution X =3 , ¥ = 4 ? Explain.

No. {f m = 1, then the two lines have the same slope. Since both lines pass
through the point (3, 4), and the lines are parallel, they, therefore, coincide.
Theve are infinite solutions. The solution set is all the points on the line. Any

other non-zero value of m would create a system with the only solution of
{3, 4).
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12. The local theater in Jamie’s home town has a maximum capacity of 160 people. Jamie shared with Venus

the following graph and said that the shaded region represented all the possible combinations of adult
and child tickets that could be sold for one show.

{0, 1603
¢: the number of child tickets sold
a; the number of adulttickets sold

a. Venus objected and said there was more than one reason that Jamie’s thinking was flawed. What
reasons could Venus be thinking of?

1. The graph implies that the number of tickets sold could be a
fractional amount, but really it only makes sense to sell whole
number tickets, X and y must be whole numbers.

2, The graph also shows that negative ticket amounts could be sold

which does not make sense.

COMMON Module 1: Relationships Between Quantities and Reasoning with Equations
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b. Use equations, graphs and/or words to describe for Jamie the set of all possible combinations of adult
and child tickets that could be sold for one show.

e+ ¢< 160
is
The system would be e 20 wheve a and ¢ are whole numbers.
C
{0, 160) ¢ : the number of child tikcets sold

a: the humber of adult tickets sold

Only the whole number
values of a and ¢ are part
of the solution sef {(even
though it appears that all
(160, 0) the points are shaded).

¢. The theater charges 59 for each adult ticket and $6 for each child ticket. The theater sold 144 tickets
for the first showing of the new release. The total money collected from ticket sales for that show
was $1164. Write a system of equations that could be used to find the number of child tickets and
the number of adult tickets sold, and solve the system algebraically. Summarize your findings using
the context of the problem.

a: the number of adult tickets sold (must be a whole number)

¢: the number of child tickets sold (vaust be a whole number)

{9::. +6c=1154
a+c=144

dq + &6 = 1164
-ea -6t = ~-264
3a=300 a= 100, ¢ = 44.

in all, 100 adult tickets and 44 child tickets were sold.
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ALGEBRA ¢

Algebral ® Module 3
Linear and Exponential Functions

OVERVIEW

In earlier grades, students define, evaluate, and compare functions and use them to model relationships
between quantities {8.F.A.1, 8.F.A.2, 8.F.A.3, 8.F.B.4, 8.F.B.5). In this module, students extend their study of
functions to include function notation and the concepts of domain and range. They explore many examples
of functions and their graphs, focusing on the contrast between linear and exponential functions. They
interpret functions given graphically, numerically, symbolically, and verbally; translate between
representations; and understand the limitations of various representations.

In Topic A, students explore arithmetic and geometric sequences as an introduction to the formal notation of
functions (F-IF.A.1, F-IF.A.2). They interpret arithmetic sequences as linear functions with integer domains
and geometric sequences as exponential functions with integer domains (F-IF.A.3, F-BF.A.1a). Students
compare and contrast the rates of change of linear and exponential functions, looking for structure in each
and distinguishing between additive and multiplicative change (F-IF.B.6, F-LE.A.1, F-LE.A.2, F-LE.A.3).

In Topic B, students connect their understanding of functions to their knowledge of graphing from Grade 8.
They learn the formal definition of a function and how to recognize, evaluate, and interpret functions in
abstract and contextual situations (F-IF.A.1, F-IF.A.2). Students examine the graphs of a variety of functions
and learn to interpret those graphs using precise terminology to describe such key features as domain and
range, intercepts, intervals where function is increasing or decreasing, and intervals where the function is
positive or negative. (F-IF.A.1, F-IF.B.4, F-IF.B.S, F-IF.C.7a).

In Topic C, students extend their understanding of piecewise functions and their graphs including the absolute
value and step functions. They learn a graphical approach to circumventing complex algebraic solutions to
equations in one variable, seeing them as fO) = g and recognizing that the intersection of the graphs of
&) and 8(x) are solutions to the original equation {A-REL.D.11). Students use the absolute value function
and other piecewise functions to investigate transformations of functions and draw formal conclusions about
the effects of a transformation on the function’s graph (F-IF.C.7, F-BF.B.3),

Finally, in Topic D students apply and reinforce the concepts of the module as they examine and compare
exponential, piecewise, and step functions in a real-world context (F-IF.C.9). They create equations and
functions to model situations (A-CED.A.1, F-BF.A.1, F-LE.A.2), rewrite exponential expressions to reveal and
relate elements of an expression to the context of the problem {A-SSE.B.3c, F-LE.B.5), and examine the key
features of graphs of functions, relating those features to the context of the problem (F-IF.B.4, F-IF.B.6).

The Mid-Module Assessment follows Topic B. The End-of-Module Assessment follows Topic D.
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Focus Standards

Write expressions in equivalent forms to solve problems.

A-SSE.B.3  Choose and produce an equivalent form of an expression to reveal and explain properties of
the quantity represented by the expression.™

¢. Use the properties of exponents to transform expressions for exponentiai functions. For
example the expression 1.15 can be rewritten as {1.15 /*%)**' = 1.012" to reveal the
approximate equivalent monthly interest rate if the annual rate is 15 %.’

Create equations that describe numbers or relationships.

A-CED.A.L® Create equations and inequalities in one variable and use them to solve problems. Include
equations arising from linear and quadratic functions, and simple rational and exponential
functions.™

Represent and solve equations and inequalities graphically.

A-RELD.11" Explain why the x-coordinates of the points where the graphs of the equations y = f{x) and
y = gfx) intersect are the solutions of the equation f{x} = g{x}; find the solutions approximately,
e.g., using technology to graph the functions, make tables of values, or find successive
approximations. Include cases where f{x) and/or g(x) are linear, polynomial, rational, absolute
value, exponential, and logarithmic functions.™

Understand the concept of a function and use function notation.

F-IF.AL Understand that a function from one set (called the domain} to another set (called the range}
assigns to each element of the domain exactly one element of the range. If fis a function and
x is an element of its domain, then f{x} denotes the output of f corresponding to the input x.
The graph of fis the graph of the equation y = f{x}.

F-IF.A2 Use function notation, evaluate functions for inputs in their domains, and interpret
statements that use function notation in terms of a context.

F-IF.A.3°  Recognize that sequences are functions, sometimes defined recursively, whose domain is a
subset of the integers. For example, the Fibonacci sequence is defined recursively by f(0) = f(1)

2 Tasks have a real-world context. As described in the standard, there is an interplay between the mathematicat structure of the
expression and the structure of the situation such that choosing and producing an equivalent form of the expression reveals
something about the situation. In Algebra |, tasks are limited to exponential expressions with integer exponents.

*In Ajgebra |, tasks are limited to linear, quadratic, or exponential equations with integer exponents.

*In Algebra |, tasks that assess conceptual understanding of the indicated concept may involve any of the function types mentioned in
the standard except exponential and Jogarithmic functions. Finding the solutions approximately is limited to cases where f{x} and gix)
are polynomial functions.

® This standard is part of the Major Content in Algebra | and will be assessed accordingly.

. M ule 3: inear and Exponential Functions
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ALGEBRA
=1, f(n+1) = f{n) + f{n-1) for n 2 1.

Interpret functions that arise in applications in terms of the context.

F-1F.B.4° For a function that models a relationship between two quantities, interpret key features of
graphs and tabies in terms of the quantities, and sketch graphs showing key features given a
verbal description of the relationship. Key features include: intercepts; intervals where the
function is increasing, decreasing, positive, or negative; relative maximums and minimums;
symimetries; end behavior; and periodicity.®

F-IF.B.5 Relate the domain of a function to its graph and, where applicable, to the quantitative
relationship it describes. For example, if the function hin) gives the number of person-hours it
takes to assemble n engines in a factory, then the positive integers would be an appropriate
domain for the function.*

F-IF.B.6° Calculate and interpret the average rate of change of a function {presented symbolically or as
a table) over a specified interval. Estimate the rate of change from a graph.*

Analyze functions using different representations.

FJF.C.7 Graph functions expressed symbolically and show key features of the graph, by hand in simple
cases and using technology for more complicated cases.™

a. Graph linear and quadratic functions and show intercepts, maxima, and minima.

F-IF.C.9°  Compare properties of two functions each represented in a different way {algebraically,
graphically, numerically in tables, or by verbal descriptions). For example, given o graph of
one quadratic function and an algebraic expression for another, say which has the larger
maximum.

Build a function that models a relationship between two quanfities.

F-BF.A.1°  Write a function that describes a relationship between two quantities.™

a. Determine an explicit expression, a recursive process, or steps for calculation from a
context.

® Tasks have a real-world context. In Algebra |, tasks are limited to linear functions, quadratic functions, square-root functions, cube-
root functions, piecewise functions {inctuding step functions and absolute-value functions}, and exponential functions with domains in
the integers.

7 Tasks have a real-world context. (n Algebra |, tasks are limited to linear functions, quadratic functicns, square-root functions, cube-
root functions, piecewise functions {including step functions and abseolute-value functions}, and exponential functions with domains in
the integers.

®In Algebra |, tasks are limited to linear functions, guadratic functions, square-root functions, cube-root functions, piecewise functions
(including step functions and absolute-value functions}, and exponential functions with domains in the integers. The focus in this
module is on linear and exponential functions,

? Tasks have a real-world context. In Algebra ), tasks are limited to linear functions, quadratic functions, and exponential functions
with domains in the integers.
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ALGEBRAJ

Build new functions from existing functions.

F-BF.B.3'" Identify the effect on the graph of replacing f{x) by f{x) + k, k f{x}, f{kx}, and f{x + k) for specific
values of k (both positive and negative}; find the value of k given the graphs. Experiment with
cases and illustrate an explanation of the effects on the graph using technology. include
recognizing even and odd functions from their graphs and algebraic expressions for them.

Construct and compare linear, quadratic, and exponential models and solve problems.

F-LE.A.1 Distinguish between situations that can be modeled with linear functions and with
exponential functions.*

a. Prove that linear functions grow by equal differences over equal intervals, and that
exponential functions grow by equal factors over equal intervals.

b. Recognize situations in which one quantity changes at a constant rate per unit interval
relative to another.

¢.  Recognize situations in which a quantity grows or decays by a constant percent rate per
unit interval refative to another.

F-LE.A.2*"  Construct linear and exponential functions, including arithmetic and geometric sequences,
given a graph, a description of a relationship, or two input-output pairs (include reading these
from a table}.*

F-LE.A.3 Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a
quantity increasing linearly, quadratically, or (more generally) as a polynomial function.*

interpret expressions for functions in terms of the situation they model.

F-LE.B.5Y  Interpret the parameters in a linear or exponential function in terms of a context.*

Foundational Standards

Work with radicals and integer exponents.

8.EEAL Know and apply the properties of integer exponents to generate equivalent numerical

Yn Algebra |, identifying the effect on the graph of replacing fix} by fix} + &, & fix), ik, and fix+k) for specific values of k (both
positive and negative) is limited to linear and quadratic functions. Experimenting with cases and illustrating an explanation of the
effects on the graph using technology is limited to linear functions, quadratic functions, square-roat functions, cube-roat functions,
piecewise functions (including step functions and absolute-value functions}, and exponential functions with domains in the integers.
Tasks do not involve recognizing even and odd functions. The focus in this module is on linear and exponential functions.

M Algebra |, tasks are limited to constructing linear and exponential functions in simple (e.g., not multi-step) context,

Y Tasks have a real-world context. In Algebra |, exponential functions are limited to those with domains in the integers.
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ALGEBRA !

expressions. For example, 3> x3°=3%=1/3° = 1/27.

8.EE.A.2  Use square root and cube root symbols to represent solutions to equations of the form x’ = p
and x° = p, where p is a positive rational number. Evaluate square roots of small perfect
squares and cube roots of small perfect cubes. Know that v2 is irrational.

Define, evaluate, and compare functions.

8.FA.L Understand that a function is a rule that assigns to each input exactly one output. The graph
of a function is the set of ordered pairs consisting of an input and the corresponding output.”

8.F.A2 Compare properties of two functions each represented in a different way (algebraically,
graphically, numerically in tables, or by verbal descriptions). For example, given a linear
function represented by a table of values and a linear function represented by an algebraic
expression, determine which function has the greater rate of change.

8.FA3 Interpret the equation y = mx + b as defining a linear function, whose graph is a straight line;
give examples of functions that are not linear. For example, the function A = s? giving the area
of a square as a function of its side length is not linear because its graph contains the points
{1,1), (2,4) and (3,9), which are not on a straight line.

Use functions to model relationships between quantities.

8.FrB.4 Construct a function to model a linear relationship between two quantities. Determine the
rate of change and initial value of the function from a description of a relationship or from
two (x, y) values, including reading these from a table or from a graph. Interpret the rate of
change and initial value of a linear function in terms of the situation it models, and in terms of
its graph or a table of values.

8.F.B.5 Describe qualitatively the functional relationship between two guantities by analyzing a graph
{e.g., where the function is increasing or decreasing, linear or nonlinear). Sketch a graph that
exhibits the qualitative features of a function that has been described verbally.

Reason quantitatively and use units to solve problems.

N-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step problems;
choose and interpret units consistently in formulas; choose and interpret the scale and the
origin in graphs and data displays.

N-Q.A.2""  Define appropriate quantities for the purpose of descriptive modeling.

N-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting
quantities.

2 Function notation is not required in Grade 8.
" This standard will be assessed in Algebra | by ensuring that some modeling tasks {involving Algebra | content or securely held
content from Grades 6-8) require the student to create a quantity of interest in the situation being described.
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Interpret the structure of expressions,

A-SSE.A.1  Interpret expressions that represent a quantity in terms of its context.™
a. Interpret parts of an expression, such as terms, factors, and coefficients.

b. Interpret complicated expressions by viewing one or more of their parts as a single entity.
For example, interpret P{1+r)" as the product of P and a factor not depending on P.

A-SSE.A.2  Use the structure of an expression to identify ways to rewrite it. For example, see x' -y’ as
() = (y?F, thus recognizing it as a difference of squares that can be factored as (¢ = )€ +
¥').

Create equations that describe numbers or relationships.

A-CED.A.2  Create equations in two or more variables to represent relationships between quantities;
graph equations on coordinate axes with labels and scales.™

A-CED.A.3  Represent constraints by equations or inequalities, and by systems of equations and/or
inequalities, and interpret solutions as viable or non-viable options in a modeling context. For

example, represent inequalities describing nutritional and cost constraints on combinations of
different foods.™

A-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving
equations. For example, rearrange Ohm’s law V = IR to highlight resistance R.*

Understand solving equations as a process of reasoning and explain the reasoning.

A-RELLA.1  Explain each step in solving a simple equation as following from the equality of numbers
asserted at the previous step, starting from the assumption that the original equation has a
solution. Construct a viable argument to justify a solution method.

Solve equations and inequalities in one variable.

A-RE1.B.3  Solve linear equations and inequalities in one variable, including equations with coefficients
represented by letters,

Solve systems of equations.

A-RELC.6" Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on
pairs of linear equations in two variables.

Represent and solve equations and inequalities graphically.

' Tasks have a real-world context. in Algebra |, tasks have hallmarks of modeling as a mathematical practice {e.gi.e., less-defined
tasks, more of the modeling cycle, etc.).
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I L 88RE O gﬂa(::?’ea ;2f26fi3dgxponenta” “ eng'ag'eny

This werk Is licensed undar a

© 2013 Common Core, Inc. Some rights reserved. commoncare.org Creative ns Attributlon-Non izl like 3.0 Unpeor igence.




NYS COMMON CORE MATHEMATICS CURRICULUM Module Overview

ALGEBRA |

A-RELD.10 Understand that the graph of an equation in two variables is the set of all its solutions plotted
in the coordinate plane, often forming a curve (which could be a line).

Focus Standards for Mathematical Practice

MP.1 Make sense of problems and persevere in solving them. Students are presented with
problems that require them to try special cases and simpler forms of the original problem to
gain insight into the problem.

MP.2 Reason abstractly and quantitatively. Students analyze graphs of non-constant rate
measurements and apply reason (from the shape of the graphs) to infer the quantities being
displayed and consider possible units to represent those quantities.

mp.4 Model with mathematics. Students have numerous opportunities to solve problems that
arise in everyday life, society, and the workplace (e.g., modeling bacteria growth, and
understanding the federal progressive income tax system).

MP.7 Look for and make use of structure. Students reason with and analyze collections of
equivalent expressions to see how they are linked through the properties of operations. They

discern patterns in sequences of solving equation problems that reveal structures in the
equations themselves. (e.g., 24 +4 =10 2(x -3} +4=10 2(3x—4)+4=10)

MP.8 Look for and express regularity in repeated reasoning. After solving many linear equations in
one variable (e.g., 3x + 5 = 8x — 17 ) students look for general methods for solving a
generic linear equation in one variable by replacing the numbers with letters
(e.g.,ax+b =cx+d ), Theypay close attention to calculations involving the properties of
operations, properties of equality, and properties of inequalities, to find equivalent
expressions and solve equations, while recognizing common ways to solve different types of
equations.

Terminology

New or Recently Introduced Terms

* Function (A function is a correspondence between two sets, X and ¥, in which each element of X
is matched™ to one and only one element of ¥ . The set X s called the domain; the set ¥ s called
the range.}

» Domain (Refer to the definition of function.)
* Range (Refer to the definition of function.)
* Linear Function (A linear function is a polynomial function of degree 1.)

* Average Rate of Change (Given a function I whose domain includes the closed interval of real
numbers 12. 8] and whose range is a subset of the real numbers, the average rate of change on the

% “Matched” can be replaced with “assigned” after students understand that each element of ¥ is matched to exactly one element
of ¥ .
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f® - )

intervali@Blis™ b—a ")

* Piecewise Linear Function {Given non-overlapping intervals on the real number line, a (real)
piecewise linear function is a function from the union of the intervais to the set of real numbers such
that the function is defined by {possibly different) linear functions on each interval.}

Familiar Terms and Symbols®’

= Numerical Symbol

= Variahle Symbol

= Constant

»  Numerical Expression

= Algebraic Expression

» Number Sentence

= Truth Values of a Number Sentence
= Equation

= Solution

= Solution Set

»  Simple Expression

»  Factored Expression

= Equivalent Expressions

= Polynomial Expression

= Equivalent Polynomial Expressions
=  Monomial

= Coefficient of a Monomial

= Terms of a Polynomial

Suggested Tools and Representations

= Coordinate Plane
= Equations and Inequalities
= Graphing Calculator

17 R
These are terms and symbols students have seen previously,
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Assessment Summary

F-IF.A1, F-IF.A2,
F-iIF.A.3, F-iF.B.4,
F-IF.B.5, F-IF.B.6,
F-IF.C.7a, F-BF.Ala,
F-LE.A.1, F-LE.A.2,
F-LE.A3

Mid-Module

Assessment Task After Topic B Constructed response with rubric

A-CED.A.1, A-REI.D.11,
A-SSE.B.3c, F-IF.AL,
F-IF.A.2, F-IF.A.3,
i‘;g{;g:;:::?:sk After Topic D Constructed response with rubric i:igj;r:jfcﬁé'
F-BF.A.la, F-BF.B.3,
F-LE.A.1, F-LE.A.2,
F-LE.A.3, F-LE.B.5
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Name Date

1. The diagram below shows how tables and chairs are arranged in the school cafeteria. One table can seat 4
people, and tables can be pushed together. When two tables are pushed together, 6 people can sit
around the table.

. [l ; _; :| ., 5 :J_l
-:,é[ };é e M :T!_ ‘_IL«‘
Y WU : %

(P aF

1 Table 2 Tables 3 Tables

a. Complete this table to show the relationship between the number of tables, % , and the number of
students, 3 , that can be seated around the table.

7 (tables}

S (students)

b. If we made a sequence where the first term of the sequence was the number of students that can fit
at 1 table, the 2" term where the number that could fit at 2 tables, etc, would the sequence be
arithmetic, geometric, or neither? Explain your reasoning.

¢. Create an explicit formula for a sequence that models this situation. Use 71 =1 as the first term,
representing how many students can sit at 1 table. How do the constants in your formula relate to

the situation?

d. Using this seating arrangement, how many students could fit around 15 tables pushed togetherin a

row?
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The cafeteria needs to provide seating for 189 students. They can fit up to 15 rows of tables in the
cafeteria. Each row can contain at most 9 tables but could contain less than that. The tables on each row
must be pushed together. Students will still be seated around the tables as described earlier.

e. H they use exactly 9 tables pushed together to make each row, how many rows will they need to seat
189 students, and how many tables will they have used to make those rows?

f. Isit possible to seat the 189 students with fewer total tables? If so, what is the fewest number of

tables needed? How many tables would be used in each row? (Remember that the tables on each
row must be pushed together.) Explain your thinking.
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2. Sydney was studying the following functions:
f(x)=2x+4 and o) =2(2*) + 4

She said that linear functions and exponential functions are basically the same. She made her statement
based on plotting pointsat ¥ = 0 and ¥ = 1 and graphing the functions.

Help Sydney understand the difference between linear functions and exponential functions by comparing

and constrasting /' and @ . Support your answer with a written explanation that includes use of the
average rate of change and supporting tables and/or graphs of these functions.
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3. Dots can be arranged in rectangular shapes like the one shown below.

Shape 1 Shape2  Shape3 Shape 4

a. Assuming the trend continues, draw the next three shapes in this particular sequence of rectangles.
How many dots are in each of the shapes you drew?

The numbers that represent the number of dots in this sequence of rectangular shapes are called
rectangular numbers. For example, 2 is the first rectangular number and 6 is the 2" rectangular number.

b. What is the 50" rectangular number? Explain how you arrived at your answer.

¢. Write a recursive formula for the rectangular nurmbers,
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d. Write an explicit formula for the rectangular numbers.

e. Could an explicit formula for the ® ™ rectangular number be considered a function? Explain why or
why not. If yes, what would be the domain and range of the function?

4. Stephen is assigning parts for the school musical.

a. Suppose there are 20 students participating, and he has 20 roles available. If each of the 20 students
will be assigned to exactly one role in the play, and each role will be played by only one student, is
the assignment of the roles to the students in this way certain to be an example of a function?
Explain why or why not. If yes, state the domain and range of the function,

The school musical also has a pit orchestra.

b. Suppose there are 10 instrumental parts but only 7 musicians in the orchestra. The conductor assigns
an instrumental part to each musician. Some musicians will have to cover two instrumental parts,
but no two musicians will have the same instrumental part. If the instrumental parts are the domain
and the musicians are the range, is the assignment of instrumental parts to musicians as described
sure to be an example of a function? Explain why or why not. If so, what wouid be the meaning of
A(Piano) = Scott
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¢. Suppose there are 10 instrumental parts but 13 musicians in the orchestra. The conductor assigns an
instrumental part to each musician. Some instrumental parts will have two musicians assigned so
that all the musicians have instrumental parts. When two musicians are assigned to one part, they
alternate who plays at each performance of the play. If the instrumental parts are the domain, and
the musicians are the range, is the assignment of instrumental parts to musicians as described sure
to be an example of a function? Explain why or why not. If so, what would be the meaning of
A(Piono) = Scott 7

5. The population of a remote island has been experiencing a decline since the year 1950. Scientists used
census data from 1950 and 1970 to modef the declining population. In 1950 the population was 2350
In 1962 the population was 1270 | They chose an exponential decay model and arrived at the function:

plx) = 2356{0.95)%,x 2 0, where X is the number of years since 1950. The graph of this function is
given helow.

F 9

L1,

L

4 8 12 16 20 24 28 32 36 x

: M N 3 inear and Exponenti ncti
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a. Whatisthe ¥ -intercept of the graph? Interpret its meaning in the context of the problem.

h. Qver what intervals is the function increasing? What does your answer mean within the context of
the problem?

¢. Over what intervals is the function decreasing? What does your answer mean within the context of
the problem?

Another group of scientists argues that the decline in population would be better modeled by a linear
function. They use the same two data points to arrive at a linear function.

d. Write the linear function that this second group of scientists would have used.
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e. What is an appropriate domain for the function? Explain your choice within the context of the
problem.

f.  Graph the function on the coordinate plane.

g. Whatisthe ¥ -intercept of the function? Interpret its meaning in the context of the probtem.
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STEP1 STEP 2 STEP2 STEP 4
Assessment Missing or Missing or incorrect | A correct answer A correct answer
Task Item incorrect answer answer but with some evidence | supported by
and little evidence | evidence of some of reasoning or substantial
of reasoning or reasohing or application of evidence of solid
application of application of mathematics to reasoning or
mathematics to mathematics to solve the problem, | application of
solve the problem | solve the problem or an incorrect mathematics to
answer with solve the problem
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem
1 a—-d Student is unable to Student is able to Student is able to Student provides correct
identify the sequence recognize the sequence recognize the sequence entries for the table and
£ as arithmetic and as arithmetic, but as arithmetic, and create | explains that the
-BF.A.1a unable to ¢create an displays a logic error in an explicit formula for sequence s arithmetic
F-lE.A.1 explicit formula for the explicit formula for the sequence, Student hecause each successive
F-LE.A.2 | finding the number of the sequence, Student has one or more errors term is two more than
F-LE.A.3 | students that can be may also have errors in in the table, the relating | the fast term. Student
F-IF.A.2 | seatedat? tables. the table, the relating of | of constants in the writes an explicit
constants in the formula | formula to context, orin | farmula for the
to context, or in the the computation of how | sequence using an
computation of how many students can sit at | appropriate sequence
many students can sitat | 15 tables pushed notation, such as f€4)
tl:g';at?-:::_ pushed together, or Er» and correctly
relates the constants of
their formula to the
context of the problem.
Student correctly
determines that 32
students can sit at 15
tables pushed together
in arow.
e Student is not able to Student makes Student articulates that | Student articulates that
demonstrate how to calcutation errors that 10 rows of 9 tables are 10 rows of @ tables are
E-IEA.2 determine the number | lead to an incorrect needed to seat 189 needed to seat 189
T of students that can sit | answer, but students, but fails to students, and that 10
MP 1 at 9 tables pushed demonstrates some answer the question of rows of 9 tables would
MP 4 together. understanding of how to | how many tables that be 90 tables.
determine the number would be.
of students that can sit
at 9 tables pushed
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together, and some
understanding of the
need to divide 189 by 20
to see that it takes more
than 9 rows or 10 rows.
f Student demonstrates Student demonstrates Student chooses an Student articulates that
very little reasoning s0me correct reasoning arrangement of 80 tables | any arrangement
skills in their attempted | butis unable to arrive at | distributed across 15 involving 80 tahles
FIFA2 answer, ane of the possible rows in one of any of the | distributed among all 15
MP 1 arrangements that use many possible rows wouid use the
MP 4 only 80 tables configurations. minimum number of
distributed across 15 tables.
rOWS.
2 FF.B.5 | Student provides Student provides a table | Student demonstrates Student demonstrates
E-iF.B.6 incorrect or insufficient | and/or a graph that may | that the functions are that the functions are
tables, graphs, and have minor errors but not the same with not the same with
F-BF.A.la written explanation. does not provide a accurate tables or graphs | accurate tables or graphs
F-LEA correct written and provides a limited and provides a thorough
F-LE.A2 explanation, OR student | written explanation that | written explanation that
F-LE.A.3 provides a limited coes not thoroughly inctudes accurate
written explanation but describe the differences | references to the rates
does not support the in the rates of change of | of change of the
answer with tables or the functions, OR functions.
graphs. student has errors in his
or her table or graphs
but provides a thorough
written explanation that
references the rates of
change of the functions.

3 a Student does not Student has a significant { Student has a minor Sequence is continued
demonstrate any error or omission in the error or omission in the correctly three times
understanding of the task but demaonstrates task but demonstrates AND correct number of

F-F.A.3 pattern of the sequence | some understanding of clear undesstanding of dots is given.
F-BF.A.13 | gescribed in the the pattern of the the pattern of the
problemn. saequence described in sequence described in
the problem. the problem.
b Student demonstrates Student attempts to use | Student correctly Student correctly
nc understanding of the pattern to find the answers 2550 but does answers 2550 and
EAF.A3 using the pgttem to 50" term but has a flaw not provide an displays sound reasoning
e find the 507 term, in this or her reasoning explanation based cn as they explain using the
F-BF.A.1a and therefore arrives at sound reasoning, or pattern of the sequence
an incorrect answer. makes a calculation to arrive at the answer,
error, but provides an
explanation based on
sound reasoning.
c-d Student work Student is only able to Student provides correct | Student provides a
demonstrates no or provide either the formulas but uses an corract recursive formula
FAF.A3 very little recursive or the explicit explicit formula where it | for part {c} and a correct
o understanding needed formula and may have asked for a recursive explicit formula for part
F-BF.A.1a | 10 write recursive or provided an explicit one, and a recursive one | (d), each using either
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explicit formulas for fermula when it asked where it asked for an function notation such
this sequence. for a recursive formula explicit one, OR the as f(n) or subscript
or vice versa, OR, student provides the notation such as an.
student demonstrates correct formulas ineach | Student also provides
that he or she case, but neglects to the necessary
understands the provide the necessary declaration of the initiat
difference between a declaration of the initia term number in each
recursive formula and an | term number in each case, and for the initial
explicit one by providing | case, and for the initial term value in the
formulas for both, but term value in the recursive case.
the formulas provided recursive case,
are incorrect. Student
may or may not have
provided the necessary
declaration of the initial
term number in each
case, and for the initial
term value in the
recursive case.

e Student leaves the Student answers that it Student answers that it Student answers that it
question blank or is a function but gives Is a function but makes is a function and gives
answers that it is not a insufficient reasoning. minor errers or sufficient reasoning,

F-IF.A.2 function. Or is unable to identify omissions in his or her stating the domain and
F-IF.A.3 the domain and range. reasoning, or makes the range accurately.
errors in naming of the
domain and range.

4 a Student indicates it is Student reasoning Student identifies the Student identifies the
not a function and indicates he or she relation as a function but | relation as a function
provides ne reasoning understands what is provides an explanation and provides a thorough

F-IE.AL or incorrect reasoning, required for a relation to | and/or identification of exglanation of how this
F-1F.A.2 indicating he or she he a function, but is not the domain and range situation meets the
does not have sufficient | able to discern that this that contains minor criteria for a function:
understanding of what refation is a function, OR, | errors or omissions. that every input is
is required for a student indicates it is a assigned to one and only
relationto be a function but does not one output and student
function, provide sufficient chooses either the list of
explanation and/or students or the list of
omits the naming of the roles as the domain and
domain and range. the other list as the
range.

b Student indicates it is Student reasoning Student identifies the Student identifies the
not a function and indicates he or she relation as a function but | relation as a function
provides no reasoning understands what is provides an explanation | and provides a thorough

F-iF.Al or incorrect reasoning, required for a relation to | and/or interpretation of | explanation of how this

F-IF.A.2 indicating he or she he a function but is not A{pmﬂ,p = Seott situation meets the
does not have sufficient | able to discern that this that contains minor criteria for a function:
understanding of what relation is a function, OR, | errors or omissions. that every input is
is required for a student indicates it is a assigned to one and only
relationto be a function but does not one output and student
function. provide sufficient interprets

explanation and/or A(pfgﬂ,p] = Scott 4,
- MMON | module3: Linear and Exponential Functions
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amits or incorrvectly mean that the part of
interprats the meaning the piano is being played
of Alptano} = Scott by Scott.
¢ Student indicates itisa | Student reasoning Student identifies the Student identifies the
function and provides indicates he or she relation is not a function | relation is not a function
no reasoning or understands what is but provides an and provides a therough
F-iF.AL incorrect reasoning, requirad for a relation to | explanation that explanation of how this
F-iF.A.2 indicating he or she be a function but is not contains minor errors or | situation does not meet
does not have sufficient | able to discern that this amissions, the criteria fora
understanding of what | relation is not a function, function: that every
is required for a QR, student indicates it input Is assigned to one
relation to be a is not a function but and only one output.
function. does not provide
sufficient explanation.
5 a Student is unable to Student ldentifies that Student identifies that Student identifies that
correctly identify the the ¥ -intercept is the the ¥ -intercept is the the ¥ -intercept is the
£-IF.B.4 ¥ -intercept. peint (0, 2350) but fails point (0, 2350) and point {0, 2350) and
to correctly relate the relates 2350 to the relates the point to the
point to the context of population when contaxt that in 1950 the
the problem. =0 pytfailsto population was 2350.
relate ¥ =0 tothe
year 1950.
bh-¢ Student is unakle to Student identifies that Student identifies that Student identifies that
correctly identify that there are no intervals for | there are no intervals for | there are no intervals for
the function is always which the function is which the function is which the functicn is
F-IF.B.4 decreasing, never increasing that it is increasing, that it is increasing, that it is
increasing, decreasing over its entire | decreasing over its entire | decreasing over its entire
domain, but student domain, and student domain, and student
does not correctly interprets this answer in interprets this answer in
interpret this answer in the context of the the context of the
the context of the problern, hut has minor problem, using
problem. errors or omissions in mathematically correct
the language used to language and sound
answer the questions. reasoning.
d.fg Student does not use Student attempts to use | Student uses the two Student uses the two
£-BE.A1a the two data points, the twoe data points to data points to write the data points to write the
and/or does not create | write a linear function linear function correctly | linear function correctly
F-iF.B.4 a linear equation using | but makes a significant using either function using either function
F-IF.C.73 | the two points; error in arriving at the notation or an equation notation or an equation
therefore, the graph eguation of the line, in two variables but may | in two variables.
and/or x-intercept of Student graphs the have made a Student graphs the
parts {f} and (g) are equation he or she computational error in function correctly
likely incorrect. created and attempts to | arriving at the slope (itls | depicting only the
identify an x-intercept evident that the student | domain values identified
but may have identified understands how to in part e, and correctly
the y-intercept instead. compute slope). Student | identifies the x-intercept,
graphs the function relating it to the context
created but may have of the problem.
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extended the graph
heyond the domain
identified in part {e).
Student identifies the x-
intercept, relating it to
the context of the
problem.

F-1F.B.5

Student does not
demonstrate sound
reasoning in restricting
the domain given the
context of the problem,

Student restricts the
dormain and explains the
answer hy either
considering that we only
wish to start in the year
1950, or considering that
it does not make sense
to continue the model
when the population has
fallen below zero, but
does not consider both
factors.

Student restricts the
domain and explains the
answer by considering
that we only wish to
start in the year 1950, or
considering that it does
not make sense to
centinue the model
when the population has
fallen below zero, but
student makes an error
in calculating the end
points of the interval for
the domain,

Student restricts the
domain and explains the
answer by considering
that we only wish to
start in the year 1950, or
considering that it does
not make sense to
continue the model
when the population has
fallen below zero, and
student and correctly
caleulates the end points
of the interval for the
domain.
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1. The diagram below shows how tables and chairs are arranged in the school cafeteria. One table can seat 4
people, and tables can he pushed together. When two tables are pushed together, 6 people can sit
around the tahle.

L3 L1+ 113

2 ot o - M 24
1 Table 2 Tables 3 Tables

a. Complete this table to show the relationship between the number of tables, n, and the number of
students, 5, that can be seated around the table. '

n (tables) 1 2 3 4 5 o

S (students ) 4 6 g 10 12 14

a. If we made a sequence where the first term of the sequence was the number of students that can fit
at 1 table, the 2™ term where the number that could fit at 2 tables, etc, would the sequence be
arithmetic, geometric, or neither? Explain your reasoning.

it would be an arithmetic sequence because every term is 2 more than the
previous term.

h. Create an explicit formula for a sequence that models this situation. How do the constants in your
equation relate to the situation?

flny = 4 + 2(n — 1)
4 is the number of students that can be seated at one table by itself.

2 is the number of additional students that can be seated each time a table (s
added.

¢. Using this seating arrangement, how many students could fit around 15 tables pushed togetherina
row? -

f(15) =4+ 2(15 - 1) = 32

l - COMMON Module 3: Linear and Exponential Functions
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The cafeteria needs to provide seating for 189 students. They can fit up to 15 rows of tables in the
cafeteria. Each row can contain at most 9 tables but could contain less than that. The tables on each row
must be pushed together. Students will still be seated around the tables as described earlier.

d. if they use exactly 9 tables pushed together to make each row, how many rows will they need to seat
189 students, and how many tables will they have used to make those rows?

f(ay=4+2(9 —1)= 20
9 tables pushed together seats 20 students.

tt will take 10 rows to get enough rows to seat 189 students.
10 rows of 4 tables each is 90 tables.

e, lIs it possible to seat the 189 students with fewer total tables? If so, what is the fewest number of
tables needed? How many tables would be used in each row? (Remember that the tables on each
row must be pushed together.) Explain your thinking.

Yes, they would use the fewest tables to seat the 189 students if they used all
of the 15 vows, because with each new row, you get the added benefit of the 2
students that sit on each end of the row.

Any arrangement that uses 80 total tables spread among all 1.5 rows will be
the best. There will be 1 extra seat, but no extra tables.

One solution that evens out the rows pretty well but still uses as few tables as
possible would be § vows of & tables and 10 rows of 5 tables.

Another example that has very uneven rows would be 8 rows of 9 tables, 1
row of 2 tables, and & rows of 1 table.
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2. Sydney was studying the following functions:
f&)=2x+4 ang g&x)=2{2")+4

She said that linear functions and exponential functions are basically the same, She made her statement
based on plotting pointsat * = 0 and ¥ = 1 and graphing the functions.

Heip Sydney understand the difference between linear functions and exponentiai functions by comparing

and constrasting £ and § . Support your answer with a written explanation that includes use of the
average rate of change and supporting tables and/or graphs of these functions.

X f(x} Avg rate of g4(x) Avg rate of
change of f(x) change of g(x)

from previous x- from previous x-
value to this one value to this one

o 4 1)

1 & 2 8 2

2 3 2 12 4

3 10 2 20 8

4 12 2 36 16

5 14 2 &8 32

Linear functions have a constant rate of change. f(x) increases by 2 units for
every 1 unit that x increases. Exponential functions do not have a constant
rate of change. The vate of change of g(x) is increasing as x increases. The
average rate of change across an x interval of length 1 doubles for each
successive x interval of length 1. No matter how large the rate of change is
for the linear function, there is a x-value at which the rate of change for the
exponential function will exceed the rate of change for the linear function.
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3. Dots can be arranged in rectangular shapes like the one shown below.

¢eS oS

2S00 ©50 0O

$2 6 oeoce s 0®

e9 ©¢ 6 2060 G000 3

Shapel Shape2  Shape3 Shaped ... ..

a. Assuming the trend continues, draw the next three shapes in this sequence of rectangles. How many
dots are in each shape?

ShaPeS & & & & & & B & & & & & & ¥ B2
Shaeé a & &« » & & & @
20 dots 22 Hots Shape 7
56 dots

The numbers that represent the number of dots in each rectangular shape are called rectangular
numbers. For example, 2 is the first rectangular number and 6 is the 2™ rectangular number,

b. What is the 50™ rectangular number? Explain how you arrived at your answer.
50(51) = 2550
The 13t figure had 1 row and 2 columns, giving 1(2) dots. The 24 figure had 2
rows and 3 columns, giving 2(3) dots. The pattern for the nth figure is n rows
and n+l columns. So, the 50 figure will have 50(51) dots.

¢. Write a recursive formula for the rectangular numbers,
(1) = 2= 12 f(n) = fin-1) + 2n; natural number n>1, and 1) = 2
2)= 6=23=f1)+4
A(3y=12=34=f2)+ 6
f(4) = 20 = 4*5 = f(3) + 8

n

d. Write an explicit formula for the rectangular numbers,

f(n) = n(n+1); natural number n > O.
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e. Could an explicit formula for the n™ rectangular number be considered a function? Explain why or

why not. If yes, what would be the domain and range of the function?

Yes, consider the domain to be all the integers greater than or equal to 1, and
the range to all the rectangular numbers. Then every element in the domain
corvesponds to exactly one element in the range.

4, Stephen is assigning parts for the school musical.

a. Suppose there are 20 students participating, and he has 20 roles available. If each of the 20 students

will be assigned to exactly one role in the play, and each role will be played by only one student, is
the assignment of the roles to the students in this way certain to be an example of a function?
Explain why or why not. If yes, state the domain and range of the function.

Yes, since every student gets a vole and every role gets a student, and there are
exactly 20 roles and 20 students, there is no possibility that a student is given
more than one role, or that a role is given to more than one student. Therefore,
the domain could be the list of students with the range being the list of roles, or
we could consider the domain to be the list of roles and the range to be the [ist
of students. Either way you would have an example of a function.

The school musical also has a pit orchestra.

. Suppose there are 10 instrumental parts but only 7 musicians in the orchestra. The conductor assigns

an instrumental part to each musician. Some musicians will have to cover two instrumental parts,
but no two musicians will have the same instrumental part. If the instrumental parts are the domain
and the musicians are the range, is the assignment of instrumental parts to musicians as described

sure to be an example of a function? Explain why or why not. if so, what would be the meaning of
A{Piano) = Scott 7

Yes, each element of the domain (the instrumental parts) are assigned to one
and only one element in the range (the musicians).

A(Piano) = Scott means that the part of the piano is being played by Scott.
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b. Suppose there are 10 instrumental parts but 13 musicians in the orchestra. The conductor assighs an
instrumental part to each musician. Some instrumental parts will have two musicians assigned, so
that all the musicians have instrumental parts. When two musicians are assigned to one part, they
alternate who plays at each performance of the play. if the instrumental parts are the domain and
the musicians are the range, is the assignment of instrumental parts to musicians as described sure
to be an example of a function? Explain why or why not. If so, what would be the meaning of
A{Pieno) = Scott 3

No, if the instrumental parts are the domain, then it cannot be an example of a
function because there are 3 cases where one element in the domain (the

instrumental parts) will be assigned to more than one element of the range (the

musicians).

5. The population of a remote island has been experiencing a decline since the year 1950. Scientists used
census data from 1950 and 1970 to model the declining population. In 1950 the population was 2330
In 1962 the population was 1270 | They chose an exponential decay model and arrived at the function,

px) = 2350{95)%,x 2 0, where ¥ is the number of years since 1950. The graph of this function is
given below.
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| | a

__

4 8 12 16 20 24 28 32 36 x

a. What is the y-intercept of the graph? Interpret its meaning in the context of the problem.

The y-intercept is the point (0, 2350). When x is O, there have been O years
since 1950, so in the year 1950, the population was 2350.

b. Over what intervals is the function increasing? What does your answer mean within the context of
the problem?

There are no intervals in the domain where it is increasing. This means
that the population is always decreasing, never increasing.

¢. Over what intervals is the function decreasing? What does your answer mean within the context of
the prohlem?

The function is decreasing over its entive domain: [0, »). This means that the
population will continue to decline, except eventually when the function value is

close to zero; then essentially the population will be zero from that point
forward.
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Another group of scientists argues that the decline in population would be better modeled by a linear
function. They use the same two data points to arrive at a linear function.

d. Write the linear function that this second group of scientists would have used.
(1270 — 2350)
L{x) = 12 X+ 2350

Lixy = -q0x + 2350
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e. What is an appropriate domain for the function? Explain your choice within the context of the
problem,

1
26
D: O<xz< °3
We are only modeling the decline of the population which scientist say
started in 1950, so that means x starts at O years past 1950. Once the

, . . 26—
population hits zevo, which occurs “" 9 years past 1450, the model no

Jmio nnem sannlome vaawn bananiien amins dadlome aniciiade ban n virmaddirn avisaatanea

f. Graph the function on the coordinate plane.

3600 F-|4- 1L [ |- 00 5 0 O O
Sy O O
DY vve A 5 O I
2400kt y = g 1 H 1 .
2000 F-ING - F L
oo NSRRI TR
1200 Py

800 \

400

4 8§ 12 16 20 24 28 32 36 x

g. What is the x-intercept of the function? Interpret its meaning in the context of the problem.

(550
i

At 253 years past 1950, in the year 1976, the population will be zevo.
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Name Date

1. GivenhG)=1x+2]-3 apdgGd=—Ixl+4

a. Describe how to obtain the graph of 8 from the graph of a(x) = ix using transformations.

b. Describe how to obtain the graph of & from the graph of a(¥ = bxl ysing transformations.

¢. Sketch the graphs of #(¥) and 2 on the same coordinate plane.
. 10

L

-

8
B
4

2

T T T T T T T 17

T 1 F T 1 T 1T & 17

d. Use your graphs to estimate the solutions to the equation:
b+ 2[-3=-k|+4

Explain how you got your answer.

e, Were your estimations you made in part (d} correct? If yes, explain how you know. If not explain
why not.
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2. Letf and & be the functions given by f&) = x? and 90 = xlx],

7€)
a. Find’ &/ g and g(-v3).

b. What is the domain of f ?
c. Whatistherangeofg ?

d. Evaluate fFC-67)+ g(—67)

e. Compare and contrast / and & . How are they alike? How are they different?

f. Is there a value of X , such that O+ gl = —100 7 If so, find . If not, explain why no such
value exists.

g. Is there avalue of x such that X+ 803 =50 7 Ifso, find X . I not, explain why no such value
exists.
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3. A boy bought & guppies at the beginning of the month. One month later the number of guppies in his
tank had doubled. His guppy population continued to grow in this same manner. His sister bought some

tetras at the same time. The table below shows the number of tetras, ! , after # months have passed

since they bought the fish,
7 months 1 2 3
t, tetras 8 16 24 32

a. Create a function g to model the growth of the boy’s guppy population, where 281 is the number of
guppies at the beginning of each month, and n is the number of months that have passed since he

bought the 6 guppies. What is a reasonable domain for g in this situation?

b. How many guppies will there be one year after he bought the 6 guppies?

c. Create an equation that could be solved to determine how many months after he bought the guppies

there will be 100 guppies.

d. Use graphs or tables to approximate a solution to the equation from part (c). Explain how you arrived

at your estimate.
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e. Create a function, t , to model the growth of the sister’s tetra population, where £ is the number
of tetras after # months have passed since she bought the tetras.

f.  Compare the growth of the sister’s tetra population to the growth of the guppy population. Include a
comparison of the average rate of change for the functions that model each population’s growth
over time.

8. Use graphs to estimate the number of months that will have passed when the population of guppies
and tetras will be the same.

v
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h. Use graphs or tables to explain why the guppy population will eventually exceed the tetra population
even though there were more tetras to start with.

i. Write the function 8¢J in such a way that the percent increase in the number of fish per month can
be identified. Circle or underline the expression representing percent increase in number of fish per
manth.
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4. Regard the solid dark equilateral triangle as figure 0. Then, the first figure in this sequence is the one
composed of three dark triangles, the second figure is the one composed of nine dark triangles, and so

on.
Figure 0 Figure 1 Figure 2 Figure 3 Figure 4
a. How many dark triangles are in each figure? Make a table to show this data.

n {Figure Number)

T (# of dark triangles)

b. Describe in words how, given the number of dark triangles in a figure, to determine the number of
dark triangles in the next figure,

c. Create a function that models this sequence. What is the domain of this function?

o

Suppose the area of the solid dark triangle in Figure 0 is 1 square meter. The areas of one dark
triangle in each figure form a sequence. Create an explicit formula that gives the area of just one of

the dark triangles in the N*® figure in the sequence?
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e. The sum of the areas of all the dark triangles in Figure 0 is 1 m’; there is only one triangle in this case.
3

The sum of the areas of all the dark triangles in Figure 1 is 4 m*. What is the sum of the areas of all

. . th .. . . . . .
the dark triangles in the "™ figure in the sequence? Is this total area increasing or decreasing as ™
increases?

f. Let PO be the sum of the perimeters of the all dark triangles in the 2°* figure in the sequence of
figures. There is a real number ¥ so that:

Pl +1) = kPl)

is true for each positive whole number 1 . What is the value of k7
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5. The graph of a piecewise function f is shown to the right. The domainof f is -3 Sx=<3

a. Create an algebraic representation for f' . Assume that the graph of £ is composed of straight line

segments.
009 4
F |
- 2
B R T3 %
4
v
b. Sketch the graph of ¥ = 2f{x) and state the domain and range.
¥
‘J
5
4
3
2
1
s a2 o 12 a4 s
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¢. Sketch the graph of ¥ = F(2x) and state the domain and range.

o | =

&

— by e B ta

-6 -8 -4 -3 -2 |

e bg e

d. How does the range of ¥ = X{X) compare to the range of ¥ = kf{c), where k > 1

e. How does the domain of ¥ = F{x) compare to the domain of ¥ = f&x), where K > 1 7
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Assessment
Task Item

STEP 1

Missing or
incorrect answer
and little evidence
of reasoning or
application of
mathematics to
solve the problem

STEP 2

Missing or incorrect
answer but
evidence of some
reasoning or
application of
mathematics to
solve the problem

STEP 3

A correct answer
with some evidence
of reasoning or
application of
mathematics to
solve the problem,
or an incorrect
answer with
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem

End-of-Module Assessment Task m

ALGEBRAL

STEP 4

A correct answer
supported by
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem

f-BF.B.3

Student answer is
missing or entirely
incorrect,

Student’s descriptions of
transformations are
partially correct.

Student’s descriptions of
the transformations are
correct, but there may
be some minor misuse or
omission of appropriate
vocabulary.

Student’s descriptions of
the transformations are
clear and correct and use
appropriate vocabulary.

F-BF.B.3

Student answer is
missing or entirely
incorrect.

Student’s descriptions of
transformations are
partially correct.

Student’s descriptions of
the transformations are
correct, but there may
be some miner misuse or
omission of appropriate
vocabulary.

Student’s descriptions of
the transformations are
clear and correct and use
appropriate vocabulary.

c-e

A-RELD.11
F-BF.B.3

Student’s sketches do
not resemble absolute
value functions, and/or
student is unable to use
the graphs to estimate
the sotutions to the
equation. Student may
or may not have arrived
at correct solutions of
the equation via
another method such
as trial and error.

Student’s sketches
resemble the graph of an
absalute value function,
but are inaccurate,
Student shows evidence
of using the intersection
point of the graphs to
find the salution but is
unable to confirm his or
her solution points;
therefore, the conclusion
in (e} is inconsistent with
the intersection points.

Student sketches are
accurate with no more
than one minor error;
the student shows
evidence of using the
intersection points to
find the solutions to the
eguation. The
conclusion in (e} is
consistent with their
estimated solutions but
may have one error.
Student’s
communication is clear
but could include more
appropriate use of
vocabulary or more
detail.

Student sketches are
accurate and solutions in
part (d) match the ¥ -
coordinates of the
intersection points. The
student’s expianation for
part {d) reflects an
understanding that the
process is analogous to
solving the system

¥ = k() and

y = g{x}. The work
shown in part {e)
supports his or her
conclusion that
estimates were or were
not sofutions and
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includes suppotting
explanation using
appropriate vocabulary.

F-IF.A2

Student provides no
correct answers,

Student provides only
one correct answer,

Student provides two
correct answers,

Student provides correct
answers for all three
itemns.

b-c

F-IF.A

Neither domain nor
range is correct,

One of the two is
identified correctly, or
the student has reversed
the ideas, giving the
range of ¥ when asked
for domain of f ,and
the domain of § when
asked for the range of
8.

Both domain and range
are correct but notation
may contain minor
errors.

Both domain and range
are correct and use
appropriate notation.

F-IF.A2

Student makes a major
error or omission in
evaluating the
expression {e.g.,
doesn’t substitute -67
into f ord )

Student makes one or
more etrors in
evaluating the
expression.

Student evaluates the
expression correctly, but
work to support the
answer is limited, or
there is one minor error
present.

Student evaluates the
exprassion correctly and
shows the work to
support their answer.

RS —

e

F-IF.A.1
F-IF.A.2
F-IF.C.7a

Student makes little or
no attempt to compare
the two functions.

Student’s comparison
does not note the
stmilarity of the two
functions yielding
identical outputs for
positive inputs and
opposite outputs for
negative inputs; it may
be limited to superficial
features, such as one
involves squaring and
the other contains an
absolute value.

Student recognizes that
they are equal for

£ =0 and positive £ -
values but may not
clearly articulate that the
two functions are
opposites when ¥ is
negative.

Student clearly describes
when that the two
functions yieiding
identical cutputs for
positive inputs, and for
an input of ¥ = 0 and
opposite outputs for
negative inputs.

FIF.AL
F-tF.A.2

Student provides an
incorrect conclusion,
OR makes little or ho
attempt to answer,

Student identifies that
there is no solution but
provides little or no
supporting work or
explanation.

Student identifies that
there is no solution and
provides an explanation,
but the explanation is
lirnited or contains minor
inconsistencies or errors.

Student identifies that
there is no solution and
provides an explanation
and/or work that clearly
supports valid reasoning.

4

F-IF.A.1
F-iF.A.2

Student provides an
incorrect conclusion,
OR makes little or no
attempt to answer.

Student identifies that

%=3 isasolution but
provides little or no
supporting work oy
explanation,

Student identifies that

¥=13 jsasolution and
provides an explanation,
but the explanation is
limited or contains minor

Student identifies that

=73 jsa solution and
provides an explanation
andfor work that clearly
supports valid reasoning.
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inconsistencies/ errors.

3 a Student does not Student provides a Student has made only Student provides a
provide an exponential | correct exponential minor errors in providing | correct exponential
function, OR student function, but the domain | an exponential function function and identifies

A-CED.A provides an exponential | is incorrect or omitted, that models the data and | the domain to fit the
F-BF.A.1a | function that does not OR student provides an a domain that fits the situation.
F-iF.B.5 | model the data the exponential function situation,
domain is incorrect or that does not model the
omitted. data but correctly
identifies the domain in
this situation.
b Student gives an Student gives an Student has a minor Student provides a
incorrect answer with incorrect answer, but the | calculation errorin correct answer with
ne supporting answer is supported with | arriving at the answer. proper supporting work,
F-IF.A.2 calculations. the student’s function Student provides
from part (a}. supporting work,
c Student provides no Student sets up an Student provides a Student provides a
eguation or gives an incorrect equation that correct answer but then | correct equation that
F-BF.A.1a | equation that does not | demonstrates limited simplifies it into an demonstrates
demonstrate understanding of whatis | incorrect equation, OR understanding of what is
understanding of what | required to solve the student has a minor required to solve the
Is required to solve the | problem described. errog in the equation problem.
problem describad. given but demonstrates
substantial
understanding of what is
required to solve the
problem,.
d Student provides an Student provides a Student provides a Student provides a
equation or graph that correct graph or tabie, correct table or graph, correct table or graph,
E-IF.A.2 | doesnotreflect the but the answer to the but the answer is 4 AND the answer is
correct data, OR question is either not months with an correct {5 months) with
student falls to provide | given or incorrect. explanation that the 100 | a valid explanation.
an equation or graph. mark occurs during the
4™ yonth.
e Student does not Student provides a Student provides a Student provides a
provide a linear function is linear but corract linear function, correct linear function
£-Bf.A.1a | function. does not reflect data. but the function was using the notation, t®) .
either simplified
incorgectly or does not
use the notation, (2},
f Student does not Student makes a Student makes a correct | Student identifies that
demonstrate an ability | partiaily correct but comparison of growth the Guppies’ population
A to recognize and incomplete comparison rates that includes an will increase at a faster
CED.A2 distinguish between of growth ratas that analysis of the rate of rate and provides a valid
linear and exponential does not include or change of each function. | explanation thatincludes
F-IF.B.6 growth or to compare incorrectly applies the However, student’s an analysis of the rate of
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F-LE.A.3 | growth rates or average | concept of average rate communication contains | change of each function,
rate of change of of change. minar errors or misuse
functions. of mathematical terms.
g Student does not Student provides correct | Student provides graphs | Student provides correct
provide correct graphs graphs but is unable to that contain minor graphs and arrives at an
A-RELD.11 | of the functionsand is | arrive at a correct imprecisions and answer that is
E-IE.AL2 unable to provide an answer from the graphs, | therefore arrives at an supportable by the
answer that is based on | OR student’s graphs are | answer that is graphs and correct.
F-IF.C.9 reasoning. incomplete or incorrect, | supportable by the
but the student arrives graphs but incorrect.
at an answer based on
sound reasoning.
h Student does not Student provides tables Student provides tables Student provides tables
provide tables or o graphs that are or graphs that are or graphs that are
F-IF.B.6 | Braphsthatare correct but provides correct and gives an correct and gives a
FLE.A1 accurate enough to limited or incorrect explanation that is complete explanation
support an answer, and | explanation of results, predominantly correct that uses mathematical
F-LE.A.3 shows little reasoning but contains minor vocabulary correctly.
in an explanation. Errors or omissions in
the explanation.
i Student does not Student writes an Student creates a correct { Student creates a correct
provide an exponential expenential function version of the function version of the function
A-SSE.B.3c | function that shows that uses an incorrect using a growth factor using a growth factor
percent increase. version of the growth expressed as 200% or expressed as 200% or
factor, such as 0.02, 2%, 1| expressed as 2 with a expressed as 2 with a
20%, or 0.20. note that 2 is equivalent | note that 2 is equivalent
to 200%. Student has a to 200%. Student
minor error in notation, specifies the domain
or in the domain, or correctly.
does not specify the
domain.

4 a-c¢ Studant does not fill in Student completes the Student completes the Student completes the
the table correctly and table correctly and table correctly, and table correctly, describes
does not describe the describes the sequence describes the sequence the sequence correctly,

F-BF.A.la relationship correctly. correctly but gives an correctly, but has a and provides a correct
F-IF.A.3 1 student does not incorrect function. minar error in either his | exponential function
E-LE.A.1 | provide an exponential | Student may or may not | or her function or including the declaration
E-LE.A.2 | function, have given a correct domain. The function of the domain. Student

domain. provided is expcnentiat uses precise language
with a growth factor of and proper notation
3. Description or {either function or
notatign may contain subscript notation) for
minor errors. the function.
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d Student fails to provide | Student provides an Student provides a Student provides a
an explicit exponential explicit formula that is correct explicit correct explicit
formula. exponential but exponential formula. expenential formula
F-BF.A.1a incorrect; supporting Notation or supporting using function or
F-LE.A.1 work is missing or waork may contain minor | subscript notation;
F-LE.A.2 reflects limited eITors, formula and supporting
reasoning about the work are free of errors.
problem.
e Student fails to provide | Student provides an Student provides a Student provides a
an explicit exponential explicit formula that is correct expticit correct explicit
formula. exponential but exponential formula. exponentiat formula
F-BF.A.1a incorrect; supporting Notaticn or supporting using function or
F-LE.A.1 work is missing or work may contain miner | subscript notation;
F-LE.A.2 reflects limited &rrors. formula and supporting
reasoning about the work are free of errors,
problem,
f Student provides little Student’s value of ¥ s Student’s solution shows | Student identifies the
or no evidence of incorrect or not significant progress correct value of & with
E-BE.A 13 underst.anding how to provided, but solution towards identifying that enough supporting
determine the shows some X is 3/2 but contains evidence of student
F-LEAAL | perimeter of the dark understanding of how to | minor errors or is not thinking {correct table,
triangles nor how to determine the perimeter | complete. graph, marking on
recognize the common | of the dark triangles. OR student computes an | diagram, or calculations)
factor between two incorrect ® value due that shows how her or
successive figures’ to a miner error but she arrived at the
perimeter. otherwise demonstrates | solution.
a way to detarmine *
either by recognizing
that the given equation
is a recursive form of a
geometric sequence or
by approaching the
problem algebraically.

5 a Student does not Student provides a Student provides a Student provides a
provide a piecewise piecewlse function in piecewise function with correctly defined
definition of the which at ieast one of the | correct expressions, but plecewise function with

F-BF.A.1a function and/or more expressions is correct, the answear may contain correct intervals,
than two expresstons in | the solution may contain | minor errors with the
the answer are errors with the intervals | intervals or use of
incorrect. or notation. function notation.
OR one expression is
incorrect, but intervals
and use of function
notation is correct,
b-c Student’s graphs Student’s graph for (b} Student’s graphs contain | Student provides correct
contain major errors: would be correct for (c) one minor error. The graphs for both {b) and
domain and range are and vice versa, OR domain and range are {c) and provides a
F-BF.B.3 missing or are student answers either consistent with the domain and range for
F-IF.AL ! inconsistent with the (b} or {c) correctiy. graphs. each that are consistent
graphs. Minor errors may exist in with student graphs.
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the domain and range.

d—e Both explanations and
solutions are incorrect
or have major

F-BF.B.3 conceptual errors (e.g.,
F-IF.AL

confusing domain and
range).

Student answers contain
more than one mingr
error, OR student
answers only one of {d)
and (e) correctly.

Student answer only
exptains how the
domain/range changes;
it may confain one minor
error,

Student answer not only
expiains how the
domain/range changes,
but also explains how
knowing ¥ > 1 aids in
finding the new domain/
range.

Name

1. Given RO =Ix+2{-3 and gt =—lxl+4

Date

a. Describe how to obtain the graph of & from the graph of a() = ix| using transformations.

To obtain the graph of g, veflect the graph of a about the x-axis and translate

this graph up 4 units.

b. Describe how to obtain the graph of 8 from the graph of ale) = {xd using transformations.

To obtain the graph of A, translate the graph of a 2. units to the left and 3

units down.

c. Sketch the graphs of #(x) and ) on the same coordinate plane.
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d. Use your graphs to estimate the solutions to the equation:
x4+ 2f-3=-x|+ 4

Explain how you got your answer.

Solution: x = 2.5 or x =~4.5

The solutions are the x~coordinates of the intersection points of the graphs of g and A,

e. Were your estimations you made in part {d) correct? If yes, how do you know? If not explain why

not.
Let x = 2.5 Let X =-4.5
s |[2.5 + 2|-3 = ~|2.5] + 4 true? (s |-4.5 + 2| - 3 = - |4.5] + 4 true?
Yes, 4.5 -3 = -2.5 + 4 rstme Yes,25'—5 ~4.5 + 4 s true.

letf and g by fO) = x g4 =
¢ ar\g@s, EAR R A c\érmct Tﬁé‘g cach | make the equation true.

1
a. Findf(i),.sv@), and g{-¥3).
R1/3) = 1/9, ¢(4)= 16, g(-¥3)= -3

b. What is the domain of [ ?

D: all real numbers.

c. Whatistherangeof& ?

R: all real numbers.

N odule 3: inear xpanential Functi
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d. Evaluate F—67)+ g{—67)

(~67% + -67|-67| = 0.

e. Compare and contrast /' and ¢ . How are they alike? How are they different?

When x is positive, both functions give the same value. But when x is negative,
f gives the always positive value of x2, whereas g gives a value that is the
opposite of what f gives.

f. isthere avalue of ¥ , such that fO)+ glx) = —100 2 If 50, find ¥ . If not, explain why no such
value exists,

No, f and g are either both zero, giving a sum of zero, both positive, giving a
positive sum, or the opposite of each other, giving a sum of zevo. So, there is
no way to get a negative sumn.

g. Isthere a value of x such that (O + g0(» =50 ? |fso, find ¥ . If not, explain why no such value
exists.

Yes, if x = 5, f(x) = g(x) = 25, thus f(x) + g(x) = 50.

3. A boy bought 6 guppies at the beginning of the month. One month later the number of guppies in his
tank had doubled. His guppy population continued to grow in this same manner. His sister bought some
tetras at the same time. The table below shows the number of tetras, t, after n months have passed since
they bought the fish.

]

n, months 1 2 3
t, tetras 8 16 24 32

a. Create a function g to model the growth of the boy’s guppy population, where g(n) is the number of
guppies at the beginning of each month and n is the number of months that have passed since he
bought the 6 guppies. What is a reasonable domain for g in this situation?

g(n) = e22»  Domain: n is a whole number.
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b. How many guppies will there be one year after he bought the 6 guppies?
g(12) = 6*2%* = 24,576 guppies

¢. Create an equation that could be solved to determine how many months after he bought the guppies
there will be 100 guppies.

100 = 27

d. Use graphs or tables to approximate a solution to the equation from part ¢. Explain how you arrived
at your estimate.

o} B4 the endl of 4
| o~ fonths | Hhere, 8¢
5 %f_\‘ "1 i 4 apppies Whih
< 80 / I 'L%.}. e, 100,
Y Y ow ¥ r‘ri’q
4 R b ’ §o dm‘ e 62
> > ’ onth, e QUPR <
218 <% 52 3 fopu lotion Teaches
|t = 4 00 .
5 1522 ® g ;rf
1Ty N =5 months
1o /’j
D T SV '
& of months

e. Create a function, t, to model the growth of the sister’s tetra population, where tnd is the number of

tetras after ® months have passed since she bought the tetras.
) = 8(n+1), nis a whole number.

Or, t(n) = 8n + 8, nis a whole number.

f. Compare the growth of the sister’s tetra population to the growth of the guppy population. Include a
comparison of the average rate of change for the functions that model each population’s growth
over time.
The guppies' population is increasing faster than the tetras' population. Each
month, the number of guppies doubles, while the number of tetra’s increases by 3.
The rate of change for the tetras is constant, but the rate of change for the
fes is always increasin,
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g. Use graphs to estimate the number of months that will have passed when the population of guppies
and tetras will be the same,

-

"
45 )

§2)=e) =4

T .

The. Soppie& ol

jebros popuelodions

UL, il e Fhe, Same

A

R

N S

M onths .

\\-u H"‘n—.ﬂ
N

.
/9/
[

v 2 By

5 t 7T 8 §

¥ of morths

-

h. Use graphs or tables to explain why the guppy population will eventually exceed the tetra population
even though there were more tetras to start with.

The guppy population’s growth is exponential, and the tetra populations’
growth is linear. The graph in part (g) shows how the population of the
guppies eventually overtakes the population of the tetras. The table below
shows that by the end of the 37 month, there are more guppies than tetras.

ni O i 2 3 4 5
gny| & | 12 | 24 | 48 | 96 | 192 | The average rate of change is doubling.
tny| 28 16 | 24 | 32 | 40 | 48 | The rate of change is constant.
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i. Write the function 202) in such a way that the percent increase in the number of fish per month can
he identified. Circle or underline the expression representing percent increase in number of fish per
month.

g(n) = 6(200%)"
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4. Regard the solid dark equilateral triangle as figure 0. Then, the first figure in this sequence is the one
composed of three dark triangles, the second figure is the one composed of nine dark triangles, and so

on.
Figure 0 Figure 1 Figure 2 Figure 3 Figure 4

a. How many dark triangles are in each figure? Make a table to show this data.

n (Figure Number) o 1 2 3 4

T {# of dark triangles) 1 3 g 27 31

b. Describe in words how, given the number of dark triangles in a figure, to determine the number of
dark triangles in the next figure.

The number of triangles in a figure is 3 times the number of triangles in the
previous figure.

c. Create a function that models this sequence. What is the domain of this function?

T(n) = 3%, D: nis a whole number.

d. Suppose the area of the solid dark triangle in Figure 0 is 1 square meter. The areas of one dark
triangle in each figure form a sequence. Create an explicit formula that gives the area of just one of

the dark triangles in the n® figure in the sequence?

Figure, | Area of one dark

n triangle, A(n) (l)n

o 1 A(n) = \4

1 L1/4

2 1/16

3 1/64
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e. The sum of the areas of alt the dark triangles in Figure 0 is 1 m%; there is only one triangle in this case.
The sum of the areas of all the dark triangles in Figure 1 is % m?®. What is the sum of the areas of all

the dark triangles in the nth figure in the sequence? Is this total area increasing or decreasing as n

increases?
Figure | Area fn m2 n
e 1 T(n) = e)
1 3/4 Than 4ndnl nwan ie dnnvoncion ae in fonsion acse
2 /16
3 27/64

f. Let PC1) be the sum of the perimeters of the all dark triangles in the nth figure in the sequence of

figures. There is a real number & so that:

Pl + 1) = kP()

is true for each positive whole number % . What is the value of & ?

Let x represent the number of meters long Figuve | P(n)
of one side of the triangle in Figure O. O |3
1 3 3 9
-+ > X = zx
9 ¢ 27
2 Z 2.1
23-'-5- 41' 7 x

P is a geometric sequence and k is the ratio between any term and the previous

term, 50 k = P(n+1)/P(n).

9
po P 3% 3
So, for example, for n = O, TP 3x 2
Lo P2 Y3
TTRDT Y T2
Formn=1, 2
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5. The graph of a piecewise ~defined function £ is shown to the right. The domainof f is =32 x =3

a. Create an algebraic representation for £ . Assume that the graph of  is composed of straight line

segments.
f(x)‘u.
X, -3y —1 2
-1, —1=x<0 ,
fO=3_1 oex<2 '
-x+ 3 2=x=3 < »
4 0§ 4 A 2 3 by
X, —3g xl—1 N S
FE) = {—-1. -1y <0 Wl
or —x—2[+1, d=x=3
b. Sketch the graphof ¥ = 2f(x) and state the domain and range.
4
I
.
Domain: -3 <X <3 ;
Range: -6 <y <2 |
‘-t‘.].\:[‘:i J.JRn_=\
/ -
4
.
1
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¢. Sketchthe graphof ¥ = F2x) and state the domain and range.
IJ
3
. 4 AT §{ )
Domain: -1.5<x < 1.5 NIAR
Range: -34y<l "

d. How does the range of ¥ = F(x) compare to the range of ¥ = &f (), where & > 1 2

Every value in the range of y = f(x) would be multiplied by k. Since k>1 we
can represent this by multiplying the compound inequality that gives the
range of y = f(x) by &, giving -3k < y < k.

e. How does the domain of ¥ = f{X) compare to the domain of ¥ = flicx), where k& > 1?2

Every value in the domain of y = f(x) would be divided by k. Since k>1 we can
represent this by multiplying the compound inequality that gives the domain of
y = f(x) by 1/k, giving ~3/k < x < 3/k.
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Algebra |l ® Module 4

Polynomial and Quadratic Expressions,
Equations, and Functions

OVERVIEW

By the end of middie school, students are familiar with linear equations in one variable {6.EE.B.5, 6.EE.B.6,
6.EE.B.7) and have applied graphical and algebraic methods to analyze and manipulate equations in two
variables {7.EE.A.2). They used expressions and equations to solve real-life problems (7.EE.B.4). They have
experience with square and cube roots, irrational numbers (8.NS.A.1}, and expressions with integer
exponents (8.EE.A.1).

in Grade 9, students have been analyzing the process of solving equations and developing fluency in writing,
interpreting, and translating between various forms of linear equations (Module 1) and linear and exponential
functions (Module 3). These experiences combined with modeling with data {(Module 2), set the stage for
Module 4. Here students continue to interpret expressions, create equations, rewrite equations and
functions in different but equivalent forms, and graph and interpret functions, but this time using polynomial
functions, and more specifically quadratic functions, as well as square root and cube root functions.

Topic A introduces polynomial expressions. In Module 1, students learned the definition of a poelynomial and
how to add, subtract, and multiply polynomials. Here their work with multiplication is extended and then,
connected to factoring of polynomial expressions and solving basic polynomial equations (A-APR.A.1, A-
REI.D.11). They analyze, interpret, and use the structure of polynomial expressions to multiply and factor
polynomial expressions (A-SSE.A.2). They understand factoring as the reverse process of multiplication. In this
topic, students develop the factoring skills needed to solve quadratic equations and simple polynomial
equations by using the zero-product property (A-5SE.B.3a). Students transform quadratic expressions from
standard or extended form, @x* + X + ¢ | to factored form and then solve equations involving those
expressions. They identify the solutions of the equation as the zeros of the related function. Students apply
symmetry to create and interpret graphs of quadratic functions (F-IF.B.4, F-IF.C.7a). They use average rate of
change on an interval to determine where the function is increasing/decreasing (F-IF.B.6). Using area models,
students explore strategies for factoring more complicated quadratic expressions, including the product-sum
method and rectangular arrays. They create one- and two-variable equations from tables, graphs, and
contexts and use them to solve contextual problems represented by the quadratic function {A-CED.A.1, A-
CED.A.2) and relate the domain and range for the function, to its graph, and the context (F-IF.B.5).

In Topic B, students apply their experiences from Topic A as they transform standard form quadratic functions

2
into the completed square form f ) =olx-n) +k (sometimes referred to as the vertex form). Known
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as, completing the square, this strategy is used to solve quadratic equations when the gquadratic expression
cannot be factored (A-SSE.B.3b). Students recognize that this form reveals specific features of quadratic
functions and their graphs, namely the minimum or minimum of the function {the vertex of the graph) and the
line of symmetry of the graph (A-APR.B.3, F-IF.B.4, F-IF.C.7a). Students derive the quadratic formula by

completing the square for a general quadratic equation in standard form (3 = ax® +bxtc yand use it to

determine the nature and number of solutions for equations when ¥ equals zero (A-5SE.A.2, A-REI.B.4). For
quadratics with irrational roots students use the quadratic formula and explore the properties of irrational
numbers (N-RN.B.3). With the added technique of completing the square in their toolboxes, students come
to see the structure of the equations in their various forms as useful for gaining insight into the features of
the graphs of equations {A-SSE.B.3). Students study business applications of quadratic functions as they
create quadratic equations and/or graphs from tables and contexts and use them to solve problems involving
profit, loss, revenue, cost, etc. (A-CED.A.1, A-CED.A.2, F-IF.B.6, F-IF.C.8a). In addition to applications in
business, they also solve physics-hased problems involving abjects in mation. In doing so, students also
interpret expressions and parts of expressions, in context and recognize when a single entity of an expression
is dependent or independent of a given quantity (A-SSE.A.1).

In Topic C, students explore the families of functions that are related to the parent functions, specifically for
quadratic {#{x) = %), square root (0t} = ¥X), and cube root (f'(x} = ¥X), to perform first horizontal and
vertical translations and shrinking and stretching the functions (F-IF.C.7b, F-BF.B.3). They recognize the
application of transformations in the vertex form for the quadratic function and use it to expand their ability
to efficiently sketch graphs of square and cube root functions. Students compare quadratic, square root, or
cube root functions in context, and each represented in different ways (verbally with a description, as a table
of values, algebraically, or graphically). in the final two lessons, students are given real-world problems of
quadratic relationships that may be given as a data set, a graph, described relationship, and/or an equation.
They choose the most useful form for writing the function and apply the techniques learned throughout the
module to analyze and solve a given problem (A-CED.A.2), including calculating and interpreting the rate of
change for the function over an interval (F-IF.B.6}.

Focus Standards

Use properties of rational and irrational numbers.

N-RN.B.3  Explain why the sum or product of two rational numbers is rational; that the sum of a
rational number and an irrational number is irrational; and that the product of a nonzero
rational number and an irrational number is irrational.

Interpret the structure of expressions.

A-SSE.A.1 Interpret expressions that represent a quantity in terms of its context.*
a. Interpret parts of an expression, such as terms, factors, and coefficients.

b. Interpret complicated expressions by viewing one or more of their parts as a single
entity. For example, interpret P(1 + r)’ as the product of P and a factor not depending on
P.
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A-SSE.A.2  Use the structure of an expression to identify ways to rewrite it. For example, see x* -y’ as
(CF = /'), thus recognizing it as a difference of squares that can be factored as (X — V)X’ +
V)

Write expressions in equivalent forms to solve problems.

A-SSE.B.3  Choose and produce an equivalent form of an expression to reveal and explain properties of
the quantity represented by the expression.*

a. Factor a quadratic expression to reveal the zeros of the function it defines.
b. Complete the square in a quadratic expression to reveal the maximum or minimum
value of the function it defines,

Perform arithmetic operations on polynomials.

A-APR.A.1 Understand that polynomials form a system analogous to the integers, namely, they are
closed under the operations of addition, subtraction, and multiplication; add, subtract, and
multiply polynomials.

Understand the relationship between zeros and factors of polynomials.

A-APR.B.3 Identify zeros of polynomials when suitable factorizations are available, and use the zeros to
construct a rough graph of the function defined by the polynomial ®

Create equations that describe numbers or relationships.

A-CED.A.1 Create equations and inequalities in one variable and use them to solve problems. include
equations arising from linear and quadratic functions, and simple rational and exponentiaf
functions.*!

A-CED.A.2 Create equations in two or more variables to represent relationships between quantities;
graph equations on coordinate axes with labels and scales.*

Solve equations and inequalities in one variable.

A-REL.LB.4  Solve quadratic equations in one variabie.

a. Use the method of completing the square to transform any quadratic equation in x into

2In Algebra I, tasks are limited to numerical expressions and polynomial expressions in one variable. Examples; Recognize that 53° -
477 is the difference of squares and see an opportunity to rewrite it in the easler-to-evaluate form (53 — 47}(53 + 47). See an
opportunity to rewrite o’ + 9g + 14 as {a + 7){a + 2). in preparation for Regents Exams, does not include factoring by grouping and
factoring the sum and difference of cubes.

*In Algebra i, tasks are limited to quadratic and cubic polynomials, in which linear and quadratic factors are available. For example,
find the zeros of {x— 2)(x2 -9}

“In Algebra |, tasks are limited to linear, gquadratic, or expenential equations with integer exponents.

Module 4: Polynomial and Quadratic Expressions, Equations, and Functions
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an equation of the form {x — p)” = g that has the same solutions. Derive the quadratic
formula from this form.

h, Solve quadratic equations by inspection (e.g., for % = 49), taking square roots,
completing the square, the quadratic formula and factoring, as appropriate to the initial
form of the equation. Recognize when the quadratic formula gives complex solutions
and write them as a + bi for real numbers ¢ and b°.

Represent and solve equations and inequalities graphically.

A-REND.11° Explain why the x-coordinates of the points where the graphs of the equations y = fix) and y
= gfx} intersect are the solutions of the equation f{x} = g{x); find the solutions approximately,
e.g., using technology to graph the functions, make tables of values, or find successive
approximations. Include cases where f{x) and/or g{x} are linear, polynomial, rational,
absolute value, exponential, and logarithmic functions.*

Interpret functions that arise in applications in terms of the context.

£-15.8.4°  For a function that models a relationship between two quantities, interpret key features of
graphs and tables in terms of the guantities, and sketch graphs showing key features given a
verbal description of the relationship. Key features include: intercepts; intervals where the
function is increasing, decreasing, positive, or negative; refative maximums and minimums;
symmetries; end behavior; and periodicity.”

F-{F.B.5 Relate the domain of a function to its graph and, where applicable, to the quantitative
refationship it describes. For example, if the function hin) gives the number of person-hours it
takes to assemble n engines in a factory, then the positive integers would be an appropriate
domain for the function.®

F-IF.B.6°  Calculate and interpret the average rate of change of a function {presented symbolically or
as a table) over a specified interval. Estimate the rate of change from a graph.*

Analyze functions using different representations.

F-iF.C.7 Graph functions expressed symbolically and show key features of the graph, by hand in
simple cases and using technology for more complicated cases.™

® Tasks do not require students to write solutions for guadratic equations that have roots with nonzero imaginary parts, However,
tasks can require that students recognize cases in which a quadratic equation has no real solutions.

® In Algebra |, tasks that assess conceptual understanding of the indicated concept may invalve any of the function types mentioned in
the standard except expenential and logarithmic functions. Finding the solutions approximately is limited to cases where f{x} and g{x}
are polynomial functions.

7 Tasks have a real-world context. In Algebra I, tasks are limited to linear functions, quadratic functions, square root functions, cube
root functions, piecewise-defined functions {including step functions and absolute value functions), and exponential functions with
domains in the integers.

® Tasks have a real-world context. In Algebra |, tasks are limited to linear functions, quadratic functions, square root functions, cube
root functions, piecewise-defined functions (including step functions and absolute value functions), and exponential functions with
domains in the integers.

I . COMMON Module 4: Polynomial and Quadratic Expressians, Equations, and Functions
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a. Graph linear and quadratic functions and show intercepts, maxima, and minima.

b. Graphsquare root, cube root, and piecewise-defined functions, including step
functions and absolute value functions.

F-iF.C.8 Write a function defined by an expression in different but equivalent forms to reveal and
explain different properties of the function,

a. Use the process of factoring and completing the square in a quadratic function to show
zeros, extreme values, and symmetry of the graph, and interpret these in terms of a
context.

F-1F.C.9°  Compare properties of two functions each represented in a different way {aigebraically,
graphically, numerically in tables, or by verbal descriptions). For example, given a graph of
one quadratic function and an algebraic expression for another, say which has the larger
maximum.

Build new functions from existing functions.

F-BF.B.3'° Identify the effect on the graph of replacing f{x) by f{x} + k, k f{x), f{kx), and fix + k} for specific
values of k {both positive and negative); find the value of k given the graphs. Experiment
with cases and illustrate an explanation of the effects on the graph using technology. Include
recognizing even and odd functions from their graphs and algebraic expressions for them.

Foundational Standards

Know that there are numbers that are not rational, and approximate them by rational
numbers.

8.NS.A.1 Know that numbers that are not rational are called irrational. Understand informally that
every number has a decimal expansion; for rational numbers show that the decimal
expansion repeats eventually, and convert a decimal expansion, which repeats eventually
into a rational number,

Work with radicals and integer exponents.

8.EE.Al1  Know and apply the properties of integer exponents to generate equivalent numerical
expressions. For example, 3 x3°=3%=1/3°=1/27,

Reason guantitatively and use units to solve problems.

? In Algebra |, tasks are limited to linear functions, quadratic functions, square root functions, cube root functions, piecewise-defined
functions (including step functions and absolute value functions), and exponential functions with domains in the integers,

i Algebra ), identifying the effect on the graph of replacing f(x) by f{x) + k, k f(x), f{kx), and f(x+k) for specific values of k {both
positive and negative) is limited to linear and quadratic functions. Experimenting with cases and iflustrating an explanation of the
effects on the graph using technology is limited to linear functions, quadratic functions, square root functions, cube root functions,
piecewise-defined functions {including step functions and absolute value functions), and exponential functions with domains in the
integers. Tasks do not involve recognizing even and odd functions. The focus In this medule is on linear and exponential functions,

© 2013 Common Core, Inc. Some Hghts reserved, commoncare.org
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N-Q.A.2"  Define appropriate quantities for the purpose of descriptive modeling.
N-Q.A.3  Choose a level of accuracy appropriate to limitations on measurement when reporting
quantities.

Create equations that describe numbers or relationships.

A-CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving
equations. For example, rearrange Ohm’s law V = IR to highlight resistance R.*

Understand solving equations as a process of reasoning and explain the reasoning.

A-RELLA.1  Explain each step in solving a simple equation as folowing from the equality of numbers
asserted at the previous step, starting from the assumption that the original equation has a
solution. Construct a viable argument to justify a solution method.

Solve equations and inequalities in one variable.

A-REI.B.3  Solve linear equations and inequalities in one variable, including equations with coefficients
represented by letters.

Represent and solve equations and inequalities graphically.

A-RELLD.10 Understand that the graph of an equation in two variables is the set of all its solutions
plotted in the coordinate plane, often forming a curve (which could be a line).

Understand the concept of a function and use function notation.

F-IF.A Understand that a function from one set {called the domain) to another set {called the range)
assigns to each element of the domain exactly one element of the range. If fis a function
and x is an element of its domain, then f{x} denotes the output of f corresponding to the
input x. The graph of fis the graph of the equation y = f{x).

F-1F.A2 Use function notation, evaluate functions for inputs in their domains, and interpret
statements that use function notation in terms of a context.

Build a function that models a relationship between two quantities.

F-BF.A.1Y  Write a function that describes a relationship between two quantities.™

a. Determine an explicit expression, a recursive process, or steps for calculation from a
context.

" This standard will be assessed in Algebra | by ensuring that some modeling tasks {involving Algebra | content or securely held
content from grades 6-8) require the student to create a quantity of interest in the situation being described.

¥ Tasks have a real-world context. In Algebra |, tasks are limited to linear functions, quadratic functions, and exponential functions
with domains in the integers.

l  COMMON | modutes: Polynormial and Quadratic Expressions, Equations, and Functions
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Focus Standards for Mathematical Practice

MP.1 Make sense of problems and persevere in solving them. Mathematically proficient students
start by explaining to themselves the meaning of a problem and looking for entry points to
its solution. They analyze givens, constraints, relationships, and goals. In Module 4, students
make sense of problems by analyzing the critical components of the problem, a verbal
description, data set, or graph and persevere in writing the appropriate function to describe
the relationship between two quantities.

MP.2 Reason abstractly and quantitatively. Mathematically proficient students make sense of
quantities and their relationships in problem situations. This module alternates between
algebraic manipulation of expressions and equations and interpreting the quantities in the
relationship in terms of the context. Students must be able to decontextualize —to abstract a
given situation and represent it symbolically and manipulate the representing symbols as if
they have a life of their own without necessarily attending to their referents; and then to
contextualize —to pause as needed during the manipulation process in order to probe into
the referents for the symbols involved. Quantitative reasoning entails habits of creating a
coherent representation of the problem at hand; considering the units involved; attending to
the meaning of quantities, not just how to compute them; and knowing and flexibly using
different properties of operations.

MP.4 Model with mathematics. Mathematically proficient students can apply the mathematics
they know to solve problems arising in everyday life, society, and the workplace. In this
moedule, students create a function from a contextual situation described verbally, create a
graph of their function, interpret key features of both the function and the graph (in the
terms of the context), and answer questions related to the function and its graph. They also
create a function from a data set based on a contextual situation. In Topic C, students use
the full modeling cycle. They model quadratic functions presented mathematically orin a
context. They explain the reasoning used in their writing and/or by use of appropriate tools,
such as graphing paper, graphing calculator, or computer software.

MP.5 Use appropriate tools strategically. Mathematically proficient students consider the
available toois when solving a mathematical problem. These tools might include pencil and
paper, concrete models, a ruler, a protractor, a calculator, a spreadsheet, a computer
algebra system, a statistical package, or dynamic geometry software. Proficient students are
sufficiently familiar with tools appropriate for their grade or course to make sound decisions
about when each of these tools might be helpful, recognizing both the insight to be gained
and their limitations. Throughout the entire module, students must decide whether to use a
tool to help find a solution. They must graph functions that are sometimes difficult to sketch
{e.g., cube roct and square root functions), and are sometimes required to perform
procedures that, when performed without technology, can be tedious and, thus, distract
them from thinking mathematically. (e.g., completing the square with non-integer
coefficients) [n such cases, students must decide when to use a tool to help with the
calculation or graph so they can better analyze the model.
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MP.6 Attend to precision. Mathematically proficient students try to communicate precisely to

others. They state the meaning of the symbols they choose, including using the equal sign
consistently and appropriately. They are careful about specifying units of measure and
labeling axes to clarify the correspondence with quantities in a problem. When calculating
and reporting quantities in all topics of Module 4, students must be precise in choose the
appropriate units and use the appropriate level of precision based on the information as it is
presented. When graphing, they must select an appropriate scale.

MP.7 Look for and make use of structure. Mathematically proficient students look closely to

discern a pattern or structure. They can see complicated things, such as some algebraic
expressions, single ohjects, or being composed of several objects. In this Module, students
use the structure of expressions to find ways to rewrite them in different but equivalent
forms. For example, in the expression )+ 9%+ 14, students must see the 14 as 2 x 7 and the
9 as 2 + 7 to find the factors of the quadratic. In relating an equation to a graph, they can see
y ==3({x—1) + 5 as 5 added to a negative number times a square and thus realize that its
value cannot be more than 5 for any real domain value.

Terminology

New or Recently Introduced Terms

© 2013 Cormmon Core, Inc. Soma rights resened, COMMEICOIE.oNg

Degree of a monomial term (the sum of the exponents of the variables that appear in a term of a
polynomial)

Degree of a polynomial (the highest degree of the terms of a polynomial gives its degree to the
polynomial)

Leading coefficient (the coefficient on the term of highest degree in a polynomial expression, which
effects the shape and end hehavior of the graph of the function represented by the expression)

Parent function {a basic function used as a building block for more complicated functions)

Quadratic function (a polynomial function of degree 2}

Cubic function (a polynomial function of degree 3)

Square root function (the parent function: S} = ¥x)

Cube root function {the parent function: ) = ¥fx)

Standard form for a quadratic function (e.g., f{X) = ax* + bx + ¢ )

Factored form for a quadratic function {e.g., flx) = (x - ﬂ)(f - 'mi))

2
Vertex form {completed-square form) for a quadratic function (e.g., fx) = afx- n) +k )

Roots of a polynomial function {the domain values for a polynomial function that, when substituted
for the variable, make the value of the polynomial function equal zero)

Axis of symmetry (Given a quadratic fun%ig__n”i.nng_t_andard form, F&) = ax? £ bx + ¢ | the vertical

line given by the graph of the equation, 2a , is called the axis of symmetry of the graph of the
COMMON Module 4: Polynomial and Quadratic Expressions, Equations, and Functions n
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guadratic function.)

= Vertex (The point where the graph of a quadratic function and its axis of symmetry intersect is called
the vertex.)

= End hehavior {Given a quadratic function in the form f)=axr?+bx+c (or
f0) = alc — B)? + & ), the quadratic function is said to open up if @ > 0 and open down if & < 0 )

* Quadratic formula (the formula that emerges from solving the general form of a quadratic equation
by completing the square; it can be used o sclve any quadratic equation)

» Discriminant (An expression defined using the coefficients of a quadratic equation in the form
ax®+ bx+ ¢ =10 that can be used to identify the nature of the roots of a quadratic equation)

Familiar Terms and Symbols**

» Solutions {solution set) of an equation
=  Zeros of a function

" Integers

= Rational numbers

= |rrational numbers

=  Real numbers

= Solution set

= Coefficient

= Term
= Factor
" Power

= Square root

»  Cube root
= Closed
= Closure

* Monomial

= Binomial

»  Trinomial

» Degree of a polynomial
= Quadratic

= Cubic

= Average rate of change
= Explicit expression

= Pparabola

13 .
These are terms and symbols students have seen previously,

B 2013 Common Core, [ne. Some rights raserved, gommancare.org
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* Domain and range
» Recursive process

Suggested Tools and Representations

= Graphing calculator

» Graph paper

=  (Coordinate Plane

=  Equations

Assessment Summary

Mid-Module
Assessment Task

After Topic A

Constructed response with rubric

Module Overview m
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A-S5E.A.1, A-SSE.A.2,
A-5SE.B.3a, A-APR.A.],
A-RELB.4b, A-RELD.11,
A-CED.A.1, A-CED.A.2,
F-IF.B.4,

F-IF.B.5, F-IF.B.6,
F-IF.C.7a

End-of-Module
Assessment Task

After Topic C

Constructed response with rubric

N-RN.B.3, A-5SE.A.1,
A-SSE.A.2, A-SSE.B.3a,
A-SSE.B.3b, A-APR.B.3,
A-RELB.4, A-CED AL,
A-CED.A2, F-iF.4,
F-IF.6, F-IF.C.7,
F-IF.C.8a, F-IF.C.9,
F-BF.B.3
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Name Date

1. Arectangle with positive area has length represented by the expression 3¥* + 5% — 8 and width by

2x% + 6x. Write expressions in terms of X for the perimeter and area of the rectangle. Give your
answers in standard polynomial form and show your work,

a. Perimeter;

b. Area:

c. Are both your answers polynomials? Explain why or why not for each.

d. Is it possible for the perimeter of the rectangle to be 16 units? If so what value(s) of ¥ will work?
Use mathematical reasoning to explain how you know you are correct.
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e. For what value(s) of the domain will the area equal zero?

f. The problem states that the area of the rectangle is positive. Find and check two positive domain
values that will produce a positive area.

g. Isit possible that negative domain values could produce a positive function value (area}? Explain why
or why not in the context of the problem.
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2. Afather divided his land so that he could give each of his two sons a plot of his own and keep a larger plot
for himself. The sons’ plots are represented by squares #1 and #2 in the figure below. All three shapes
are squares. The area of square #1 equals that of square #2 and each can be represented by the
expression 4x* — 8x+ 4

a. Find the side length of the father’s plot, square #3, and
show or explain how you found it. #1

#3

#2

b. Find the area of the father’s plot and show or explain how you found it.

c. Find the total area of all three plots by adding the three areas and verify your answer by multiplying
the outside dimensions, Show your work,
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3. The baseball team pitcher was asked to participate in a demonstration for his math class, He took a
baseball to the edge of the roof of the school building and threw it up into the air at a slight angle, so that
the ball eventually fell all the way to the ground. The class determined that the motion of the ball from
the time it was thrown could be modeled closely by the function,

r{t) = —16t* + 64t + 80

where B(t) represents the height of the ball in feet after & seconds.

a. Determine whether the function has a maximum value or a minimum value. Explain your answer
mathematically.

b. Find the maximum or minimum value of the function. After how many seconds did the ball reach this
value? Show how you found your answers.

¢. For what interval of the domain is the function increasing (i.e., ball going up)? For what interval of
the domain is the function decreasing (i.e., ball going down}? Explain how you know.

d. Evaluate 2(0). What does this value tell you? Explain in the context of the problem.
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e. How long is the balt in the air? Explain your answer,

f. State the domain of the function and explain the restrictions on the domain based on the context of
the problem.

g. Graph the function indicating the vertex, axis of symmetry, intercepts and the point representing the
ball’s maximum or minimum height. Label your axes using appropriate scales. Explain how your
answer to part (d) is demonstrated in your graph.

h. Does your graph illustrate the actual trajectory of the ball through the air as we see it?
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Assessment
Task Hem

STEP 1

Missing or
incorrect answer
and little evidence
of reasoning or
application of
mathematics to
solve the problem.

STEP 2

Missing or
incorrect answer
but evidence of
some reasoning or
application of
mathematics to
solve the problem.

Mid-Module Assessment Task

STEP 3

A correct answer
with some
evidence of
reasoning or
application of
mathematics to
solve the problem,
or an incorrect
answer with
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem.

ALGEBRA |

STEP 4

A correct answer
supported by
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem,

1 a—b

A-APR.AL

There is little
evidence of
understanding of the
properties of
polynomial
operations.

Little or no attempt
made or attempt
aborted before
calculations
completed.

There is some
evidence of
understanding of
operations with
polynomials but
there are errors in
the calcutations {e.g.,
side lengths are not
doubled for
perimeter or the
product is missing
terms}. The final
answers are not
given in standard
pelynomial form.

The expressions are
treated accurately
and appropriately
with operations that
relate to perimeter
and area that are
carried out correctly.
The final answers are
not given in standard
polynomial form.

The expressions are
treated accurately
and appropriately
with operations that
relate to perimeter
and area that are
carried out correctly.
Final answers are in
simplest and
standard polynomial
form.

A-APR.AI

No attempt is made.

There is an attempt
1o explain but the
explanation shows
little understanding
of the definition of a
polynomial and of
the concept of
closure for

The explanation
shows some
understanding of the
definition of a
polynomial or of the
concept of closure
for potynomial
operations.

The explanation is
correct and includes
understanding of the
definition of a
polynomial and of
closure for
polynomial
operations.
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pelynomial
operations.
d There is an answer An equation is An equation is An equation is
(ves or no} with no created and solved created and solved created and solved
A-S5E.B.3a | supporting with a logical correctly with a correctly with a
A-CED.A.1 | explanation. explanation for the logical explanation logical explanation
A-REL.D.11 process and solution. | for the process and for the process and
No attempt is made. | However, the solution. However solution, which
equation may be both values of ¥ are | includes only the
incorrect or there are | given as the final correct value of
errors in calculation | solution, with some | ¥ that works in the
that lead to an explanation offered | equation, with the
incorrect final as justification. extraneous solution
answer and incorrect noted in the
values for ¥ . explanation.
e There is an attempt There is an attempt There is an attempt The equation is
to answer this to factor the original | to factor the original | accurately factored
A-SSE.B.3a | question but the form of the equation | form of the equation | into its four linear
A-REL.D.11 | original equation representing the area | representing the area | factors and set equal
representing the area | and itis setequalto | anditisset equalto | tozero. Itis
is not factored zero. There is one zera, Two correct correctly solved for
cosrectly and no {or no) correct result | results are given. the four values of X
correct results were given. that make the
found. product equal to
OR zero.
No attempt was
made.
f No attempt was Only one correct Two values are Two values are
made to find the two | value is given and correctly selected correctly selected
A-S5E.B.3a | values or the attempt | checked effectively. and substituted inte | and substituted into
A-CED.A.1 | was aborted hefore a the equation. There | the equation to
A-REL.D.11 | conclusion could be Two values are given | are calculation errors | check whether the
reached. but only one is in the check that do X -value produces a
checked effectively. not affect the final positive area.
outcome. (NOTE: The zeros
Two logically found in part (e)
setected values are might be used as
given but the checks boundaries for the
attempted are correct values in this
ineffective for both. part.}
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g Little or no attempt is | There is an attempt The question is The question is
made to answer this | made to answer the answered correctly answered correctly
A-SSE.B.3a | question. guestion. However, | butisbased ona and completely,
A-APR.A.1 the explanation is partially correct including the
A-REL.D.11 missing important explanation: The following: There are
parts: there are no explanation is references in the
references to the missing a reference explanation to the
dimensions being to the need for an need for positive
positive or to the even number of dimensions, and that
requirement that negative factors in if an X -value makes
there must be an the area expression any of the factors
even number of ar that both negative, there must
negative factors for dimensions must be be an even number
area. There might be | positive (if two of negative factors.
specific examples of | factors are negative, | This means that both
negative values that | they must both negative factors must
produce a positive represent the same be far the same
area given but dimension). dimension.
without explanation.
2 a~h There is no evidence | Thereis evidence to | There is evidence of | There is evidence of
toindicate a indicate a connection | understanding of the | understanding of the
A-SSE.A.1 | cennection is made is made between the | connection between | connection between
A-SSE.A.2 | between the information in the the information given | the information
A-SSE.B.3 information given in prompt and the side | in the prompt and given in the prompt
A-APR.A.L the prompt and the lengths of squares 1 | the side length and and the side length

side lengths of
squares 1 and 2.

and 2. However,
there is no evidence
that a connection is
made to the side
length of square 3
and the operations
needed to answer
the questions.
Calculations contain
errors and the
explanation is
missing or
inadequate.

area of square 3.
However,
calcutations are
completed accurately
but the explanations
are incomplete.

OR

Calculations contain
errors but the
explanation is
adequate and is not
dependent on errors
in the calcutations.

and area of square 3.
Calculations are
completed accurately
and the explanations
complete. {NOTE:
equivalent forms of
the solution are
acceptable, e.g.,
22x—2)=4x— 4

Q(4x—4) 172 = 16
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A-S5E.A.1
A-5SE.A.2
A-SSE.B.3
A-APR.A

Little or no attempt is
made to find the area
using either method.

There is an attempt
made to find the
total area using
adding the three
smaller areas but
there are errors and
verification is
impossible. Work is
shown.

The total area is
correctly determined
by adding the three
smaller areas but
either there was no
attempt to check by
mukltiplying or there
are errors in the
attempt to check by
multiplying. Work is
shown and supports
the correct results.

The total areais
correctly determined
by adding the three
smaller areas and is
correctly verified by
multiplying the total

length by total width.

All work is shown
and supports the
results.

F-IF.8.4

No attempt was
made.

There is an attempt
to find the maximum
value for the
function, but no
connection is made
to the leading
coefficient being
negative and
calcuiations
performed are
ineffective,

OR

The connection
between the sign on
the leading
caefficient and the
direction of the
opening of the graph
is understood but
incorrectly applied
(e.g., the graphiis
said to have a
minimum because
the leading
coefficient is
negative).

There is an attempt
to find the maximum
value for the function
and a connection
between the sign of
the leading
coefficient is
apparently
understood but the
explanation does not
make it clear that the
negative leading
coefficient indicates
that the graph opens
down.

There is a clear
understanding of the
connection between
the sign on the
leading coefficient
and the direction the
graph opens. The
explanation provided
is clear and logical.
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b—e There is no evidence | There is some There are accurate There are accurate
of understanding of evidence of interpretations of the | interpretations of the
A-APR.B.3 | the properties of key | understanding of the | key features of the key feature of the
E-IF.B.4 features of the properties of the key | quadratic function, quadratic function
EAE.B.6 guadratic function. features of the but some and all calcutations
Calculations are quadratic function. calculations are are performed
ineffective and/or However, incorrectly correctly.
incorrect. calculations are performed. Explanations are
Explanations are incorrect and Explanations are logical and complete.
missing or explanations are hased on calculations
ineffective. missing or present and are
inadequate. logical and complete.
No attempt made.
f No attempt was The domain is given The domain is Consideration is
made, incorrectly as allreal | described with no given to the
A-APR.B.3 numbers {i.e., the consideration given beginning of the
FAE.8.4 domain of the to the context; only experiment {®
FAF.B.5 function with no as positive or greater | seconds} and the end
consideration of the than zero OR as less {5 seconds). The
context). than 5 (partial domain is given as a
consideration of the set or described
context). accurately.
g There is little There is an attempt The graph of the The graph of the
indication of to graph the function | function is clearly function is clearly
A-APR.B.3 | understanding of the | but key features are | and correctly drawn and correctly drawn
FE.B.4 graphic not indicated on the | but key features are with the ¥ -intercept
FAF.B.S repre.sentation of the | graph. The axesare | notindicated onthe | (g, 80}’ the vertex
E-IF . 7a fugnctnon. The graph n?t labeled clear!\f graph. The axes ?re {2, 144}’ and the & -
is incorrectly drawn with a scale that fits | labeled clearly witha | | (5,0)
and the key features | the graph or allows scale that fits the !ntertfept T
are missing or for visual verification | graph and allows for identified correctly.
incorrectly identified. | of the key features visual verification of The axes.are labeled
. clearly with a scale
{¥ -intercept at the key features that fits the granh
Little or no attempt {3 30), vertex (even though they grapn.
was made, (2.144) and x - are not marked}.
intercept 5,00},
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There is an attempt
to use the laws of
physics in the
explanation for this
question (the
harizontal axis
represents the
change in time rather
than forward
motion). However
the answer to the
guestion is given
incorrectly.

The question is
answered correctly
and has an
explanation
attached. However,
the explanation is
based only partially
on the physics
addressed in this
problem (the
horizontal axis
represents the
change in time rather
than forward

motion).

The question is
answered correctly
and includes an
explanation that
shows an
understanding of the
physics addressed in
this problem (the
horizental axis
represents the
change in time rather
than forward
motion).

h An answer is given,

but there is no

£-IF.B.4 explanation

F-IF.723 provided.
No attempt was
made.
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Name Date

1. Arectangle with positive area has length represented by the expression 3x* +35x — 8 and width by

2x* + 6. Write expressions in terms of X for the perimeter and area of the rectangle. Give your
answers in standard polynomial form and show your work.

a. Perimeter:

2Bx2+5x—8)+2(2x + 6x) =

6:x3 +10x—16+4x3 +12x =

1052 + 224 — 16

h. Area:

(3x% +3x - N2xi + 6x) =

6x* + 183
10x? + 30x2
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-16x% — 48x

6x* + 2853 + 1422 — 48y

c. Are both your answers polynomials? Explain why or why not for each.

Yes, both have terms with only whole number exponents {greater than or equal to 0 ), the coefficients are real

numbers, and the leading coefficient is not 0 .

d. lIsit possible for the perimeter of the rectangle to be 16 units? If so what value(s) of * will work?
Use mathematical reasoning to explain how you know you are correct.

10x3 + 22x — 16 = 16 If* =1 the length would bet 3D+ 51}~ 8 = 0 56 not possible for
r=1

100% +22x —32= 0 yfx = —3.2 the length would be: 3(—323% + 5(-3.2) -8 =

02T 4 1l —16) = 0 = 3(1024) — 16 -8 =30.72 - 24 = 6,72

20x +18)x ~ 1) = 0 ang the width would be: 2{—3.2)% + 6(~3.2} = 20,48 — 13.2

16
so” " 5 orl or—32 ol =128

Check: 2(length) + 2(width) = 2(6.72) + 2(1,28) = 13.44 + 2.56 = 16

Yes, the perimeter could be 16 units with length €72 and widih 1.28

e. For what value(s} of the domain will the area equal zero?

In factored form: (3x% % 5x — Q1(2x% + 6x) = (3 + x — N}z + 31 =0

I COMMON | Modules; Polynomial and Quadratic Expressions, Equations, and Functions

" COREFE Date: 12/26/13 eng ag’ e ny

This work is licensed under a

B 2013 Con C I, L . 2 - . N "
mimian Cate, Ing, Some rights reservad. commoncore.org ] mons Attribution-HonCommercial-SharaAfike 3.0 Un

119



NYS COMMON CORE MATHEMATICS CURRICULUM ... Mid-Module Assessment Task m

ALGEBRA !

8
The Area =10 yhen ™ = 15, 1.0, o

f. The problem states that the area of the rectangle is positive. Find and check two positive domain
values that will produce a positive area.

Check the values around those we found in part {e), since on either side of the zeros there is likely to be efther
positive or negative values.

Try substituting X = 2 into the factored form. The factors will then be (FI+H+X+} > 0
So all numbers greater thon L win give positive resufts. * = 3, ete.

NOTE: If there are any, there must be an even number of negative factors and any pair of negative factors
must be for the same dimension.

g. Isit possible that negative domain values could produce a positive function vatue (area)? Explain why
or why not in the context of the problem.

As long as the dimensions are positive, it is possible that the volue of ¥ is negative. That means that only two
of the four factors may be negative and the negative factors must both be from the same dimension (length or

8 8
width). Using the logic in part (f) it is possible that numbers less than 3or possibly between 0 and 3
might work,

Let's try ¥ = —% : The factors would be (=3(~H=){=) this one works since both dimensions will be pasitive.

Try * = —1 : The factors would be {+X—J ... I can stop now because the length is negative which is impossible
in the context of the problem.

So the answer is YES. There are negative volues for ¥ that produce positive areq. They are less than and they
result in both positive dimensions and positive area.

2. A father divided his land so that he could give each of his two sons a plot of his cwn and keep a larger plot
for himself. The sons’ plots are represented by squares #1 and #2 in the figure below. All three shapes
are squares. The area of square #1 equals that of square #2 and each can be represented by the
expression 4x% — 8x + 4 |
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a. Find the side length of the father’s plot, square #3, and
show or explain how you found it. #1

I_g. .
4x® — Bx + 4 js g perfect square that factors to

#3

{2r — 2)3

The side length is the square root of that = (2% — 2] #2

The father’s plot is twice the length of one of the smaller
squares of the sum of the two,

The side length for plot #3 is 2{2x — 2) = d4x — 4

b. Find the area of the father’s plot and show or explain how you found it.

The area of the father's plot is the square of the side length:
(dr —4)%3 = 1653 — 32+ 16

¢. Find the total area of all three plots by adding the three areas and verify your answer by multiplying
the outside dimensions. Show your work.

By adding the aregs of the three squares:
42 —Br+ 4) + (4x2 — By + 4) + (162*° — 32x + 16) =

2453 — 48,4 24

By multiplying total length by total width:
Total length = @xr—2)+ (4x— 1) = 61 ~ 6
Total width = @x — 2) + 2x — 2) = 4x — 4

Areg = (6 — 6)(4x — 4) = 2457 — 48x + 24

3. The baseball team pitcher was asked to participate in a demonstration for his math class. He took a
baseball to the edge of the roof of the school building and threw it up into the air at a slight angle, so that
the ball eventually fell all the way to the ground. The class determined that the motion of the ball from
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the time it was thrown could be modeled closely by the function,

h(t) = —16t% + G4t + 80

where () represents the height of the ball in feet after ¢ seconds.

a. Determine whether the function has a maximum value or a minimum value. Explain your answer
mathematically.

The function has a maximum because the leading coefficient is negative, making the graph of the function open
down.

b. Find the maximum or minimum value of the function. After how many seconds did the ball reach this
value? Show how you found your answers.

To find the zeros of the function we factor as follows:

~16 — T =0 = - 160t - 500¢+ 1)

Sot=-1 or5 . Thereare & unitsbetween and® so using symmetry we find the vertex at half
that distance between the two: —1 +3 =2 o the * -coordinate of the vertexis * = 2

If we substitute 2 for X into the original function we find that the vertex is at (2. 143} and tells us that the
maximum height is 14% ft., which occurs after 2 seconds.

¢. For what interval of the domain is the function increasing {i.e., ball going up)? For what interval of
the domain is the function decreasing {i.e., ball going down)? Explain how you know.

The function is increasing from © to 2 seconds and decreasing from 2 to D seconds. The rate of change
over 10.2] js positive. The rate of change over 12.5] s negative. For an answer based on the graph: The
graph has positive slope from'® to 2 seconds and negative from 2 103 seconds.

d. Evaluate B(0), What does this value tell you? Explain in the context of the problem.
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h(0} =80 , this is the initial height: The height at which the boll was when it was thrown upward. The roof
was 0 ft. high.

e. How long is the ball in the air? Explain your answer.

The ball is in the air for 5 seconds. Whent =0 the ball is refeased and when t = 9, the height is'0 which
means the ball hits the ground 3 seconds after it is thrown.

f. State the domain of the function and explain the restrictions on the domain based on the context of
the problem,

If we consider the experiment over at the time the ball reaches the ground, the values for T, as it is described in
this context, must be greater than Q@ (since time was measurement began when the ball was thrown) and wifl

belessthan® . t:{0 = ¢ = 5}

g. Graph the function indicating the vertex, axis of symmetry, intercepts and the point representing the
hall’s maximum or minimum height. Label your axes using appropriate scales, Explain how your
answer to part (d) is demonstrated in your graph.

The graph shows the function ,
. . . A Vertex, maximuim
crossing the ¥ -axis at (0.80}, the ' /

height at which the ball was thrown.
Then it travels to a height of 143 ft,
after 2 seconds and hits the ground

x=2  axis of

symmety
at$ seconds. J 4

w height in feet

T iz_ l10 4

U time fin seconds
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h. Does your graph illustrate the actual trajectory of the ball through the air as we see it?

No, because movement along the horizontal axis represents changes in time, not horizontal distance. The ball
could be going straight up and then straight down with very little change in horizontal position and the graph
would be the same.
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1. Arectangle with positive area has length represented by the expression 3x* +5x — 8 and width by

2x? + 6x. Write expressions in terms of X for the perimeter and area of the rectangle. Give your
answers in standard polynomial form and show your work.

a. Perimeter:

b. Area:

¢. Are both your answers polynomials? Explain why or why not for each.

d. Isit possible for the perimeter of the rectangle to be 16 wunits? If so what value{s) of ¥ will work?
Use mathematical reasoning to explain how you know you are correct.
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e. For what value(s) of the domain will the area equal zero?

f. The problem states that the area of the rectangle is positive. Find and check two positive domain
values that will produce a positive area.

g. lIsit possible that negative domain values could produce a positive function value (area)? Explain why
or why not in the context of the problem.
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2. A father divided his land so that he could give each of his two sons a plot of his own and keep a larger plot
for himself. The sons’ plots are represented by squares #1 and #2 in the figure below. All three shapes

are squares. The area of square #1 equals that of square #2 and each can be represented by the
expression 4x* —8x+ 4

a. Find the side length of the father's plot, square #3, and
show or explain how you found it. #1

#3

#2

b. Find the area of the father’s plot and show or explain how you found it.

¢. Find the total area of all three plots by adding the three areas and verify your answer by multiplying
the outside dimensions. Show your work,
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3. The baseball team pitcher was asked to participate in 2 demonstration for his math class. He took a
baseball to the edge of the roof of the school huilding and threw it up into the air at a slight angle, so that

the ball eventually fell all the way to the ground. The class determined that the motion of the ball from
the time it was thrown could he modeled closely by the function,

h{(£) = —16t3 + 64t + 80
where B{E) represents the height of the ball in feet after £ seconds.

a. Determine whether the function has a maximum value or a minimum value. Explain your answer

mathematically.

b. Find the maximum or minimum value of the function. After how many seconds did the ball reach this
value? Show how you found your answers,

c. For what interval of the domain is the function increasing {i.e., ball going up)? For what interval of
the domain is the function decreasing {i.e., ball going down)? Expfain how you know.,

d. Evaluate B{0). what does this value tell you? Explain in the context of the problem.
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e. How iong is the ball in the air? Explain your answer.

f. State the domain of the function and explain the restrictions on the domain based on the context of
the problem.

8. Graph the function indicating the vertex, axis of symmetry, intercepts and the point representing the
ball'’s maximum or minimum height. Label your axes using appropriate scales. Explain how your
answer to part (d} is demonstrated in your graph.

h. Does your graph illustrate the actual trajectory of the ball through the air as we see it?
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STEP 1 STEP 2 STEP 3 STEP 4
Assessment Missing or Missing or A correct answer A correct answer
Task Item incorrect answer incorrect answer with some supported by
and little evidence | but evidence of evidence of substantial
of reasoning or some reasoning or | reasoning or evidence of solid
application of application of application of reasoning or
mathematics to mathematics to mathematics to application of
solve the problem. | solve the problem. | solve the problem, | mathematics to
or an incorrect solve the problem.
answer with
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem.
1 a-b There is little There is some The expressions are The expressions are
evidence of evidence of treated accurately treated accurately
A-APR.A.1 | understanding of the | understanding of and appropriately and appropriately
properties of operations with with operations that | with operations that
pelynomial polynomials but relate to perimeter relate to perimeter
operations. there are errors in and area that are and area that are
the calculations {e.g., | carried out correctly. | carried out correctly.
Little or no attempt side lengths are not The final answers are | Final answers are in
made or attempt doubted for not given in standard | simplest and
ahorted hefore perimeter or the polynomial form. standard polynomial
calculations product is missing form.
completed. terms). The final
answers are not
given in standard
polynomial form.
¢ No attempt is made. | There is an attempt The explanation The explanation is
1o explain but the shows some correct and includes
A-APR.A1 explanation shows understanding of the | understanding of the
little understanding definition of a definition of a
of the definition of a | polynomial or of the | polynomial and of
polynomial and of concept of closure closure for
the concept of for polynomial polynomial
closure for operations. operations.
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polynomial
operations.
d There is an answer An eqguation is An equation is An equation is
(yes or no} with no created and solved created and solved created and solved
A-SSE.B.3a | supporting with a logical correctly with a correctly with a
A-CED.A.1 | explanation. explanation for the logical explanation logical explanation
A-RELD.11 process and solution. | far the process and for the process and
Mo attempt is made. { However, the solution. However solution, which
equation may be both values of X are | includes only the
incorrect or there are | given as the final correct value of
errors in calculation | solution, with some | X that works in the
that lead to an explanation offered | equation, with the
incorrect final as justification. extraneous solution
answer and incorrect noted in the
vajues for X | explanation.
e There is an attempt There is an attempt There is an attempt The equation is
to answer this to factor the original | to factor the original | accurately factored
A-55E.B.3a | question but the form of the equation | form of the equation | into its four linear
A-REL.D.11 | original equation representing the area | representing the area | factors and set equal
representing the area | and it is set equal to and it is set equal to to zero. Itis
is not factored zero. There is one zero., Two correct correctly solved for
correctly and no {or no} correct result | results are given. the four values of £
correct results were | given. that make the
found. product equal to
OR zero.
No attempt was
made.
f No attempt was Only one correct Two values are Two values are
made to find the two | value is given and correctly selected correctly selected
A-SSE.B.3a | values or the attempt | checked effectively. and substituted into | and substituted into
A-CED.A.1 | was aborted before a the equation. There | the equation to
A-RELLD.11 | conclusion could be Two values are given | are calculation errors | check whether the
reached. but Only one is in the check that do X value produces a
checked effectively. not affect the final positive area.
outcome, (NOTE: The zeros
Two logically found in part (e)
selected values are might be used as
given but the checks boundaries for the
attempted are correct values in this
ineffective for hoth, part.)
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ALGEBRA 1

g

A-S5E.B.3a
A-APR.A.1
A-REL.D.11

Little or no attempt is
made to answer this
question,

There is an attempt
made to answer the
question. However,
the explanation is
missing important
parts: there are no
references to the
dimensions being
positive or to the
requirement that
there must be an
even number of
negative factors for
area. There might be
specific examples of
negative values that
produce a positive
area given but
without explanation.

The questian is
answered correctly
but is hased on a
partially correct
explanation: The
explanation is
missing a reference
to the need for an
even number of
negative factors in
the area expression
or that both
dimensions must be
positive (if two
factors are negative,
they must both
represent the same
dimension).

The questionis
answered correctly
and completely,
including the
following: There are
references in the
explanation to the
need for positive
dimensions, and that
if an ¥ -value makes
any of the factors
negative, there must
be an even number
of negative factors.
This means that both
negative factors must
be for the same
dimension. '

2 a-b

A-SSE.A.
A-SSE.A2
A-SSE.B.3
A-APR.A.1

There is no evidence
toindicate a
cannection is made
between the
information given in
the prompt and the
side lengths of
squares 1 and 2,

There is evidence to
indicate a connection
is made between the
infarmation in the
prompt and the side
lengths of squares 1
and 2. However,
there is no evidence
that a connection is
made to the side
length of square 3
and the operations
needed to answer
the questions.
Calculations contain
errors and the
explanation is
missing or
inadequate.

There is evidence of
understanding of the
connection between
the information given
in the prompt and
the side length and
area of square 3.
However,
catculations are
completed accurately
but the explanations
are incomplete.

OR

Calcutations contain
errors but the
explanation is
adeqguate and is not
dependent on errors
in the calculations.

There is evidence of
understanding of the
connection between
the information
given in the prompt
and the side length
and area of square 3.
Calculations are
completed accurately
and the explanations
complete. {NOTE:
equivalent forms of
the solution are
acceptable, e.g.,
2@x—-2)=4x-—- 4

K(4x — 4) 112 = 16
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A-SSE.A.1
A-SSE.A2
A-SSE.B.3
A-APR.AG

Little or no attempt is
made to find the area
using either method.

There is an attempt
made to find the
total area using
adding the three
smaller areas but
there are errors and
verification is
impossible, Work is
shown.

The total area is
correctly determined
by adding the three
smaller areas but
either there was no
attempt to check by
muktiplying or there
are errors in the
attempt to check by
muBiplying. Work is
shown and supports
the correct results.

The total area is
correctly determined
by adding the three
smaller areas and is
correctly verified by
multiplying the total

length by total width.

Al work is shown
and supports the
results.

F-IF.B.4

No attempt was
made.

There is an attempt
to find the maximum
value for the
function, but no
connection is made
to the teading
coefficient being
negative and
calculations
perfarmed are
ineffective.

OR

The connection
hetween the sign on
the leading
coefficient and the
direction of the
opening of the graph
is understood but
incorrectly applied
{e.g., the graph is
said to have a
minimum because
the leading
coefficient is
negative).

There is an attempt
to find the maximum
value for the function
and a connection
between the sigh of
the leading
coefficient is
apparently
understood but the
explanation does not
make it clear that the
negative leading
coefficient indicates
that the graph opens
down.

There is a clear
understanding of the
connection hetween
the sign an the
leading coefficient
and the direction the
graph opens. The
explanation provided
is clear and logical.
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b-e There is no evidence | There is some There are accurate There are accurate
of understanding of evidence of interpretations of the | interpretations of the
A-APR.B.3 | the properties of key | understanding of the | key features of the key feature of the
F-IF.B.4 features of the properties of the key | quadratic function, quadratic function
FF.B.6 quadratic function. features of the but some and all calculations
Calculations are quadratic function. calculations are are performed
ineffective and/or However, incorrectly correctly.
incorrect. calculations are performed. Explanations are
Explanations are incorrect and Explanations are logical and complete.
missing or explanations are based on calculations
ineffective. missing or present and are '
inadequate. logical and complete.
No attempt made.
f No attempt was The domain is given The domain is Consideration is
made. incorrectly as all real | described with no given to the
A-APRB.3 numbers (i.e,, the consideration given beginning of the
F-IF.B.4 domain of the to the context; only experiment {0
FIF.B.5 function with no as positive or greater | seconds) and the end
consideration of the | than zero OR as less (5 seconds). The
context}. than 3 (partial domain is given as a
consideration of the | set or described
context). accurately.
g There is little There is an attempt The graph of the The graph of the
indication of to graph the function | function is clearly function is clearly
A-APR.B.3 | understanding of the | but key featuresare | and correctly drawn | and correctly drawn
E-IE.B.4 graphic not indicated on the | but key featuresare | with the ¥ -intercept
F-IF.B.5 repre§entation of the | graph. The axes are not indicated on the (0, 30)’ the vertex
F-IF.72 .fu!mctlon. The graph m?t labeled clearly graph. The axes ?re (2, 144}’ and the ¥ -
is incorrectly drawn with a scale that fits | labeled clearly witha | | (5.0)
and the key features | the graph or allows scale that fits the !nterc.eipt T
are missing or for visual verification | graph and allows for Identified correctly.
incorrectly identified. | of the key features . | visual verification of The axes'are labeled
. clearly with a scale
(" -intercept at the key features that fits the graph
Little or no attempt {0, 80), vertex {even though they graph.
was made. (2. 144) and* - are not marked).
intercept {5, 0:}}‘
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h

F-IF.B.4
F-IF.7a

An answer is given,
but there is no
explanation
provided.

No attempt was
made.

There is an attempt
to use the laws of
physics in the
explanation for this
question {the
horizontal axis
represents the
change in time rather
than forward
mation). However
the answer to the
question is given
incorrectly.

The question 1s
answered correctly
and has an
explanation
attached. However,
the explanation is
based only partiatly
on the physics
addressed in this
problem (the
horizontal axis
represents the
change in time rather
than forward
motion},

The question is
answered correctly
and includes an
explanation that
shows an
understanding of the
physics addressed in
this problem (the
horizontal axis
represents the
change in time rather
than forward
motion),
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ALGEBRA 1

Name Date

1. A rectangle with positive area has length represented by the expression 3x* +5x — 8 and width by

2x® 4 6x. Write expressions in terms of ¥ for the perimeter and area of the rectangle. Give your
answers in standard polynomial form and show your work.

a. Perimeter:

23x% + 5x —8) + 202x% + 6x) =

6:% +10x — 16+ 45% + 125 =

103 + 22x — 16

h. Area:

(352 + 5r— 8X2x? L 6x) =

6x* + 18x3
10x? + 30x2
o COMMON Module 4: Polynomial and Quadratic Expressions, Equations, and Functions .
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-16x% — 48x

6x* £ 2853 + 1457 — 48y

c. Are both your answers polynomials? Explain why or why not for each.

Yes, both have terms with only whole number exponents (greater than or equal to 0}, the coefficients are real

numbers, and the leading coefficient is not 0 .

d. Isit possible for the perimeter of the rectangle to be 16 units? If so what value(s) of ¥ will work?
Use mathematical reasoning to explain how you know you are correct.

10x% + 22x — 16 = 16 ifx =1 the length would be' 3D+ 5A) =8 =0 55 not possible for
=1

10).’: + 221‘ - 32 = 0 .I'f): = —3-2 the fengfh Woufd be; 3(_3.232 %‘ 5(“ 3'2) - 8 =
25x% +11x - 16) =0 = 3(1024) - 16 -8 =3072-24 =672
2005 + L&) x = 1) = 0 gpd the width wouid be: 2(~3.2)% + 6(~3.2) = 20.48 — 10.2

16
So° " 8 orl OR—32 ol =128

Check: 2Uength) + 20width) = 2(6.72) + 2(1,28) = 1344 + 256 = 16

Yes, the perimeter could be 10 units with fength 872 and width 1.28

e. For what value(s) of the domain will the area equal zero?

In factored form; (3x% + 5x —B}(2x% + 623 = Bx + B} = M2)(x + ) =0

COMMON Module 4: Polynomial and Quadratic Expressions, Equations, and Functions
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8
3,1,0 o

The Area = 0 yhen

f. The problem states that the area of the rectangle is positive. Find and check two positive domain
values that will produce a positive area.

Check the values around those we found in part {e), since on either side of the zeros there is likely to be either
positive or negative values,

Try substituting * = 2 into the factored form. The factors will then be (FHANRFH+) > 0
S0 alf numbers greater than & will give positive results. * = 3 etc

NOTE: If there are any, there must be an even number of negative factors and any pair of negative factors
must be for the same dimension.

g. Isit possible that negative domain values could produce a positive function value (area)? Explain why
or why not in the context of the problem.

As fong as the dimensions are positive, it is possible that the value of * is negative. That means that only two
of the four factors may be negative and the negative factors must both be from the same dimension (length or

8 8
width). Using the logic in part {f) it is possible that numbers less than -3 or possibly between @ and “3
might work.

Let’s try * = —% : The factors would be (X~~~} this one works since both dimensions will be positive.

Try = —1 : The factors would be S+ =3 I can stop now because the length is negative which is impossible
in the context of the problem.

So the answer is YES. There are negative values for X that produce positive area. They are less than and they
result in both positive dimensions and positive areo.

2. Afather divided his land so that he could give each of his two sons a plot of his own and keep a larger plot
for himself. The sons’ plots are represented by squares #1 and #2 in the figure below. All three shapes
are squares. The area of square #1 equals that of square #2 and each can be represented by the
expression 4x* — 8x + 4

I o COM MON Maodule 4: Polynomial and Quadratic Expressions, Equations, and Functions
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a. Find the side length of the father’s plot, square #3, and
show or explain how you found it. #1

4x% — Bx+ % 5 g perfect square that factors to #3

{(2x — 2)}3

The side length is the square root of that = (2x — 2) #2

The father’s plot is twice the length of one of the smaller
squares or the sum of the two.

The side length for plot #3 is 22x — 2) = 4x — 4

b. Find the area of the father’s plot and show or explain how you found it.

The area of the father’s piat is the square of the side length:

(d4x —4)3 = 16xF — 2x + 16

€. Find the total area of all three plots by adding the three areas and verify your answer by muitiplying
the outside dimensions. Show your work.

By adding the areas of the three squares:
(Ax? = Bx + 4) + {457 — Br + 4} + (L6xF —32x + 16) =

2453« 48y + 24

By multiplying total length by total width:
Total fength = @Er—2)+{4x—4)=6r—6
Total width = (Zr — 2} + (2r —2) = 4x — &

Area = ©x — 6)(4x — 4) = 2427 — 38> + 24

3. The baseball team pitcher was asked to participate in a demonstration for his math class. He took a
baseball to the edge of the roof of the school building and threw it up into the air at a slight angle, so that
the ball eventually fell all the way to the ground. The class determined that the motion of the ball from
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the time it was thrown could be modeled closely by the function,

h(t) = —16t% + 64t + 80

where R{) represents the height of the ball in feet after ¢ seconds.

a. Determine whether the function has a maximum value or a minimum value. Explain your answer
mathematically.

The function has a maximum because the leading coefficient is negative, making the graph of the function open
down.

b. Find the maximum or minimum value of the function. After how many seconds did the ball reach this
value? Show how you found your answers,

To find the zeros of the function we factor gs follows:

- 16627 — 4t —5) =0 = - 186t - Si{t+ 1)

Sot=-1 orD  Thereare & units between and3 so using symmetry we find the vertex at half
that distance between the two: ~1 +3 =2 g the * -coordinate of the vertexis x = 2,

If we substitute £ for X into the original function we find that the vertex is at (2.14%) and tells us that the

maximum height is 14 ft which occurs after 2 seconds.

¢. For what interval of the domain is the function increasing (i.e., ball going up}? For what interval of
the domain is the function decreasing (i.e., ball going down)? Explain how you know.

The function is increasing from 0 102 secondsand decreasing from 2 105 seconds. The rate of change
over 10.2] is positive. The rate of change over 12.5] is negative. For an answer based on the graph: The

graph has positive slope from Q t02 seconds and negative from 2 03 seconds.

d. Evaluate 2{0), What does this value tell you? Explain in the context of the problem.

- COMMON | modules: Palynomial and Quadratic Expressions, Equations, and Functions
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h(0) = 80 , this is the initial height: The height at which the ball was when it was thrown upward. The roof
was 80 ft. high.

e. How long is the ball in the air? Explain your answer.

The baill is in the air for D seconds. Whent =0 the ball is released and when t = 8 | the height is @ which
means the ball hits the ground 3 seconds after it is thrown.

f. State the domain of the function and explain the restrictions an the domain based on the context of
the problem.

if we consider the experiment over at the time the ball reaches the ground, the values fort |, as it is described in
this context, must be greater than ©  (since time was measurement began when the ball was thrown) and will
belessthand . .10 £ ¢ = 5}

g. Graph the function indicating the vertex, axis of symmetry, intercepts and the point representing the
ball's maximum or minimum height. Label your axes using appropriate scales. Explain how your
answer to part {d} is demonstrated in your graph.

The graph shows the function .
) . A Vertex, maximaum
crossing the ¥ -axis at €0.80], the 'lz/

height at which the ball was thrown,
Then it travels to o height of 143 ft.

x=2 | axis of
after 2 seconds and hits the ground

E syrmetry
atd seconds. R : 4 4
= !
<
= 80 T
L 1
% :
'S 60 !
= - i
h 3 .
T T T T l ] ; I L)
-4 -2 H0 2 \;; 4 [ g

T, time fn seconds
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h. Does your graph illustrate the actual trajectory of the ball through the air as we see it?

No, because movement along the horizontal axis represents changes in time, not horizental distance. The ball
could be going straight up and then straight down with very little change ir horizontal position and the graph
would be the same.
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ALGEBRA Y

Name Date

1. Label each graph with the function it represents; choose from those listed below:

FG) = 3% a6) = % ¥F B = —5x7

K)=vVr+2-1 mixy=iyr+2 nl=k—-3)3-1

Function Function Function

e

Function Function Function
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ALGEBRA

2. Compare the following three functions:
i. Afunction [ is represented by the graph below:

ii. Afunction 8 is represented by the following equation:
glx)= (& —6)* — 36

iii. Alinear function & is represented by the following table:

x -1 1 3 5 7

htx) 10 14 18 22 26

For each of the following, evaluate the three expressions given and identify which expression has the -

largest value and which has the smallest value. Show your work.

d. f (0).- g (0).1 h(ﬂ)

f@ — f(Z) g — g(Z) h(4) — h(Z)
b. 4 — 2 4 — 2 4 — 2

? r
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ALGEBRA

c. F{1000), 5(1000), R{1000}

3. An arrow is shot into the air. A function representing the relationship between the number of seconds it
is in the air, ¢ , and the height of the arrow in meters, & , is given by:

R{t) = - 49¢7 + 294t + 2.5

a. Compiete the square for this function.

b. What is the maximum height of the arrow? Explain how you know.

¢. How long does it take the arrow to reach its maximum height? Explain how you know.
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ALGEBRA T

d. What is the average rate of change for the interval from? = 1 to ! = 2 seconds? Compare your

answer to the average rate of change for the interval from & = 2 to & = 3 seconds and explain
the difference in the context of the problem.

e. How long does it take the arrow to hit the ground? Show your work or explain your answer,

f. What does the constant term in the original equation tell you about the arrow’s flight?
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ALGEBRA T

g. What do the coefficients on the second- and first-degree terms in the original equation tell you about

the arrow’s flight?

4. Rewrite each expression below in expanded {standard) form:

a (x+3) b, (x—2V5)(x—3V5)

c. Explain why, in these two examples, the coefficients of the linear terms are irrational and why the
constants are rational.

Factor each expression below by treating it as the difference of squares:

d' qz -8 . f— 16
L COMMON Module 3: Polynomial and Quadratic Expressions, Equations, and Functions n
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ALGEBRA I

5. Solve the following equations for 7 . Show your method and work. If no solution is possible, explain how
you know.

a, ri+i2r+18=7 b, rit+t2r—-3=4 c. *r*+18r+73 =9

6. Consider the equation: ¥* -~ 2X — 6 = ¥ + 2x + 15 and the function; f{x) = 4x? 1 16x - 84
the following guestions:

a. Show that the graph of the equation, ¥* = 2X — 6 = ¥ + 2% + 13  has ¥ -interceptsat * =-3

and 7 .
I . COMMON | modules: Polynomial and Quadratic Expressions, Equations, and Functions
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ALGEBRAI

b. Show that the zeros of the function, f(x) = 4x% 1 16x - 84  are the same as the * -valyes of the

X -intercepts for the graph of the equation in part {a). {i.e, ¥ =-3 and 7 }

¢. Explain how this function is different from the equation in part {a)?

d. identify the vertex of the graphs of each by rewriting the equation and function in the completed-

|
square form, e{x - h) + ik, show your work. What is the same about the two vertices? How are
they different? Explain why there is a difference.
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e. Write a new quadratic function, with the same zeros, but with a maximum rather than a minimum.
Sketch a graph of your function, indicating the scale on the axes and the key features of the graph.
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STEP 1 STEP 2 STEP 3 STEP 4
Assessment Missing or Missing or A correct answer A correct answer
Task item incorrect answer incorrect answer with some supported by
and little evidence | but evidence of evidence of substantial
of reasoning or some reasoning or | reasoning or evidence of solid
application of application of application of reasoning or
mathematics to mathematics to mathematics to application of
solve the problem, | solve the problem. | solve the problem, | mathematics to
or an incorrect solve the problem.
answer with
substantial
evidence of solid
reasoning or
application of
mathematics to
solve the problem.
1 F-1C.C.7a Only one or twa of the Three of the six graphs Four or five of the six All six graphs and
EE.C.7b six graphs and functions | and functions are graphs and functicns functions are matched
are matched matched accurately, are matched accurately,
F-8F.B.3 accurately. accurately.

2 a~c Mark each part Mark each part Mark each part Mark each part
separately, using the separately, using the separately, using the separately, using the
same scoring criteria same scoring criteria same scoring criteria same scoring criteria

F-IF.B.6 for each: The function for each: There is for each: There is for each; There is
F-IF.C.9 values for each part are | evidence in the work evidence in the work evidence in the work
not in the correct order | that shows that shows that shows
and there is no understanding of the understanding of the understanding of the
evidence to show an graphic representation graphic representation graphic representation
understanding of the as being exponential, as being exponential, as being exponential,
three representations the tabular as linear, the tabular as linear, the tabular as linear,
as being exponential, and the symbalic as and the symbolic as and the symbolic as
quadratic, and linear or | quadratic. Only one of quadratic. The values quadratic. The values
of how to determine the three function for x are substituted for x are substituted
the functions’ values at | values is correctly cotrectly but there are correctly and the
the indicated x-values. determined, for the CNe Or more errors in - eXpressions are
indicated values of x, caiculating the values of | ordered correctly.
and the function values | the expressions. The
are not in the correct function values are not
order. ordered correctly.

3 a Shows little or no There is an attempt to The function is written The function is

understanding of the rewrite in completed in completed square correctly rewritten in
I COMMON Module 4: Polynomial and Quadratic Expressions, Equations, and Functions ny
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A-SSE.A.2
F-IF.B.8a

process required to
complete the square.

sguare form, using a
correct process,
However there are
errors in calculations
and steps missing in the
process.

form but critical steps
in the work are missing
or there are errors in
the calculations.

comgletad square form
and the correct steps
for the process are
included.

b-g

A-SSE.AL

A-SSE.B.3b
F-iF.B.4

Shows little evidence of
Interpreting the
function.

Little or no attempt at
these guestions.

Uses the function form
found in part {a) but
shows only some
understanding of
interpreting the key
features of the
function. Errors are
made in calculations
and there is limited
explanation.

Explanation indicates
an understanding of the
key festures of the
function. Uses the
function form found in
part (@) but incorrectly
intergrets the function
ar makes minor errors
in calculation. Explains
process sormewhat but
leaves gaps in the
explanation.

Explanation indicates
an understanding of the
key features of the
function. Uses the
function form found in
part (a} and correctly
interprets the function
features. Provides
evidence of process
and accurate
explanation of the
reasoning used.

4 a-b

A-SSE.A.2

There is little evidence
of understanding
multiplication of
binomials that include
radicals.

Little or no attempt is
made.

There is some evidence
of understanding
multiplication of
hingmials that include
radicals. There are
errc¢s in the
calculations and work.

There is evidence of
understanding
multiplication of
binomials that include
radicals, There are no
errors n the
calculations but radical
calculations are left
unfinished, such as

V3) o

Expansions are
accurately perfarmed,
terms are in simplest
radical form, and work
supports the solutions,

N-RN.B.3

No attempt is made to
provide an explanation.

There is little evidence
of understanding of the
properties of irrational
numbers. The
explanation uses
numerical examples for
both questions but
provides no further
explanation. Or an
explanation is provided
for only one part of the
guestion.

There is some evidence
in the explanation of
understanding of the
properties of irrational
numbers. The
expianation is partially
correct and is
atternpted for both
parts of the question
but is missing one or
more aspects.

There is clear evidance
in the explanation of
understanding of the
properties of irrationat
numbers,

d-e

A-S5E.A.2

There is no evidence of
understanding factoring
the difference of
squares.

Little or no attempt is

made.

There is some avidence
of understanding
factaring the difference
of squares. There are
arrors in the
caleulations that lead to
incorrect solutions,

There is evidence of
understanding factoring
the difference of
squareas, There are no
errors in the
calculations but the
radical is left off {e.g.,

Factors ara accurately
determined, terms are
in simplest radical form,
and work supports the
solutions.

{NOTE: in part {d) full
credit is given for either
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Vi) or irrational form of the radical: 8

calculations are left Zﬁ ‘

unfinished (e.g., JE}. or - However in
part {e} Jl—ﬁ— must be
changedto 4.)

5 a—b There is no evidence of | There Is some evidence | The equation solving Equations are correctly
understanding the of understanding the process is carried to solved, using an
process of solving a process of solving a completion using an efficient method, and

A-RELB.4. quadratic equation. guadratic equation in appropriate method for | with accurate and
A-REL.B.4a the work shown. There | each part. There are suppartive work
A-REl.4b Little or no attempt is are errors in errors in calculations shown,
made. calculations and le.g., factored
incorrect method used incorrectly} or set up
to find the solutions, or | (e.g., failed to set the
the process was expression equal to 0)
aborted before angd/or there is only
completion. one solution found.

c There is no evidence of | Thereis some evidence | There is evidence of Equation is correctly set
understanding the of understanding the understanding the up for solution.
process of solving a process of solving a nature of this quadratic | Discriminant values

A-RELB.4 quadratic equation. quadratic equation in equation as having no shows there are no real
A-REI.B.4a the work shown. There | real solutions. solutions. Accurate
A-REL4b Little or no attempt is are errors in However the explanation is included.
made. calculations and explanation does not {(NOTE: The
incorrect method used | include using the explanation may
to find the solutions, or | discriminant ora include references to
the process was graphic representation | the graphic
aberted before to justify the reasoning. | representation.)
completion.

6 a—b There is no evidence of | An attempt is made to Avalid method is used | A valid method is used

understanding the determine whether x = | to show that the to show that the
A-APR.B.3 concept of verif.ying the ‘—3 and 7 are x- function has x- function has x-
zeros of a function. intercepts for the intercepts at x=—-3 and | intercepts at x = -3 and
function. Errors are 7 and includes an 7 and includes an
Little or no attempt is made in method explanation to "show” explanation to “show”
made. selection and/or In the solutions are the solutions are
calculations that lead to | correct. Errors are correct.
an inconsistency. made in the
calculations that do not
affect the final result.

c There is no evidence of | There is understanding | There is understanding | There is understanding
understanding the of how the graphs of how the graphs of how the graphs
relationship between relate but no menticn relate and of how the relate and of how the

A-3SE.B.3a the function and the of how the expression expression used for the | expression used for the

A-SSE.B.3b equation and how that | used for the formula for | formula for £ is 4 formulafor ¥ 14
relationship is s 4 times the times the expression times the expression
manifested in the expression that defines | that defines y based on | that defines y based on
relationship of then y based on the given the given equation, but | the given equation.
graphs. equation. there are minor errors The ideas are
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of misuse of
vocabulary.

communicated with
accurate use of
vocabutary,

d

A-CED.A.2
A-SSE.B.3a
A-S5E.B.3b

There is no evidence of
understanding the
process of completing
the square.

Little or no attempt is
made.

There is some evidence
of understanding the
process of completing
the square but
attempts contain errors
that lead to incorrect
solutions. A valid
explanation of the
difference between the
two vertices is not
included.

There is evidence of
understanding the
process of completing
the square. The
attempt contains errors
that lead to incorrect
coordinates for the
vertices. However the
explanation of the
differences is based on
the vertices found and
is logical.

The process of
compteting the square
in accurately
perfarmed, the
coordinates of the
vertices are correct and
the explanation of their
differences is accurate
and logical.

A-CED.A.2
A-APR.B.3

There is little evidence
of understanding the
concept of creating an
equation with a
maximum.

Little of no attempt is
made at creating the
equation or sketching
its graph.

There is evidence of
understanding that the
leading coefficient for
the function must be
negative. However, the
function does not have
the same zeros as those
in parts {a} and (b) and
graph does not match
the function created.
The scale is not
indicated on the graph
and the key features
are not identified.

There is evidence of
understanding that the
leading coefficient for
the function must be
negative. However, the
function does not have
the same zeros as those
in parts {a} and {b) or
graph does not match
the function created.
The scale is not
indicated on the graph
or the key features are
not identified.

There is evidence of
understanding that the
leading coefficient for
the function must he
negative, The function
created has the same
2eros as those in parts
{a) and {b) and graph
matches the function
created. The scale is
indicated on the graph
and the key features
are identified.
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1. Label each graph with the function it represents; choose from those listed below:
— 1
F) = 3yx gl = 5 iz h(xX) = —5x3

k)=4r+2-1

m@)= {x+2 nx)=x—-3)-1

fa
e
] F 2 L é [} e 12
2 :
2 2 4
- E] 6. H
R a .a
Function m Function n Function f
L4 . 4
; - : : S8,
la D 3 .
_ i : - RN TP IO
: 2 L ?
: 5 DA 3 A R
3 2 1 2 03 e
N N o NS |
: A : .
: .z
2
I A
Function h Function e Function 8
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2. Compare the following three functions:
i.  Afunction fis represented by the graph below:

Note: f(x) = 2x

ii. Function g is represented by the following equation:
gl =0—-6)-36

Note: h(x) = 2x +12
iii. Linear function h is represented by the following table:

X ~1 1 3 5 7

hix) 10 14 18 22 26

For each of the following, evaluate the three expressions given and identify which expression has the
largest value and which has the smallest value. Show your work,

a. F(0:  4(0)  a0)

f(0) =1, g(0) = 0, W(©) = 12,
4(0) has the smallest value and WO) has the largest value.

fa - f(2) g&) — g(2) W@ — a(2)
b. 4 — 2 |, 4 — 2 4 — 2

?

f(4) = 16; f2)=4 : g(4)= ~32 g(2)=~20 : h(4)=20 W2)=16
So the values for the average rate of change over the interval [2, 4] for
each function ave as follows:

ffe g—-6 h2

g's rate of change is the smallest on this interval and s is the largest.
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c. F(1000), 5(1000), r(1000)
H1000) = 22000 = 1.1 x 20292, g(1000) = 9942 — 36 = 988,000; h(1000) = 2012

h(1000) has the smallest value and {1000) has the largest value

3. Anarrow is shot into the air. A function representing the relationship between the number of seconds it
is in the air, ¢ and the height of the arrow in meters, | is given by:

k{t) =-49t% + 29.4¢t + 25

a. Complete the square for this function.

ht) = ~4.9t2 + 294t + 2.5 = —4.9(t> + 6t + ) + 2.5 (factoring out the —4.9 from the
two ¢ terms and leaving the constant outside the parentheses)

~4.9(t* — et + 9) + 2.5 + 44.1 (completing the square inside the parentheses)
—4.9(t — 332 + 46.6

b. What is the maximum height of the arrow? Explain how you know,

46.6 m. — this is the value of the function at its vertex so it is the highest the
arrow will reach before it begins its descent.

¢. How long does it take the arrow to reach its maximum height? Explain how you know.

3 sec., because that (s the £-value (time in seconds) at which the arrow reached its

highest point.
7 COMMON | module a: Polynomial and Quadratic Expressions, Equations, and Functions ny
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d. What is the average rate of change for the interval fromt = 1 to { = 2 seconds? Compare your

answer to the average rate of change for the interval from ¢ = 2 to ¥ = 3 seconds and explain
the difference in the context of the problem.

h(2) = —4.9(4) + 29.4(2) + 2.5 = 41.7

h(1) = —4.9(1) + 29.4(1) + 2.5 = 27

The average rate of change for the interval [1, 2], s (41.7 — 27)/(2 — 1) = 14.7 meters
per second.

h(2) = 41.7

W3) = —4.9(9) + 29.4(3) + 2.5 = 46.6

The average vate of change for the interval {2, 3] (s (46.6 — 41.7)/(3 - 2) = 4.9

The average rate for [1, 2] shows that the arvow is moving faster in the fivst interval than
during the second (from 2 to 3 sec.). As the arrow moves upward the rate slows untif it
finally turns and begins its downward motion.

\

e, How long does it take the arrow to hit the ground? Show your work or explain your answer.

Since the zervos for the function are at ~0.08 and 6.08 seconds the arrow was in
flight from ©-6.08 seconds.

f. What does the constant term in the original equation tell you about the arrow’s flight?

The constant (2.5) represents the height when t = O or W(©O). That is the initial height of
the arvow when it was shot, 2.5 m. (NOTE: 2.5 m is approximately 8 ft. 2 in. Since a
bow and arrow at the ready is held a full arni’s length above the head, this would
suggest that the person shooting the arrow was around 6 ft. tall))
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g. What do the coefficients on the second and first degree terms in the original equation tell you about
the arrow’s flight?

—4.9: This is half of the local gravitational constant, -9.8 m/sec?
29.4: The initial velocity of the arvow as it was shot upward was 29.4 m per
sec. (approximately 66 mph),

4. Rewrite each expression below in expanded (standard) form:

a (x++3) b, (x—2¥5){x—3V5)

¥+ 2v3x + (V3) x?— 348 x — 2V3 5 + (2V5)(3V5)

— 3
=x% +2v3x + 3 =x3-545y + 30

c. Explain why, in these two examples, the coefficients of the linear terms are irrational and why the
constants are rational.

When two irrational numbers are added (unless they are additive inverses) the
result is irvational. Therefore the linear term will be (rrational in both of these
cases. When a square root is squared or multiplied by itself, the result is rational.

Factor each expression below by treating it as the difference of squares:

d. g°—8 . e, t—16

{9 +V8)q -~ V3) (Vt + 4)}(VEt - 4) or

(@ + 2v2Xq - 2v2) {(VE+ A)(-VE - 4)

U COMMON | Modute a: Polynomial and Quadratic Expressions, Equations, and Functions

I %4 CORE Date: 12/26/13 enga.ge ny

This work is licensed under 3

€ 2013 3 W .
013 Common Care, lnc. Some rights reserved. commancore.org Creative Com ihution-NonComimerclal-Sharealike 3.0 Unported Ligense.




NYS COMMON CORE MATHEMATICS CURRICULUM End-of-Module Assessment Task . m
ALGEBRA |

5. Solve the following equations for r. Show your method and work. If no solution is possible, explain how
you know.

a ridl2r+18=7 b, r?+2r-3=4 c. r*+18r+73=-9

v 12¢+ 18 =7 W +2r—3=4 P+ 18y + 75 = -9

W+ 12+ 1120 W+r2r—7=0 r+18r+ 82=0

(r+ 1)r+11)=0 Completing the square: Discriminant:

r=-1o0r ~11 2+l = 7+ 1 18% ~ 4(1)(82) =
(r+1y =38 324 — 328 = ~4
Pl o=+ 2v2 There are no real solutions
FEz -1t 2vV2 since the discriminate is

NOTE: Students may opt to use  negative.
the quadratic formula to solve this
equation.

6. Consider the equation: X% = 2x~ 6 = y + 2x + 15 and the function: F(3) = 4x? 1 16x - 84 n the
following questions:

a. Show that the graph of the equation, ** - 24 -6 = ¥ + 2x + 15 has ¥ -interceptsat ¥ =-3

Substituting -3 for & and O for y: Substituting 7 for x and © for y:
T+ 6 ~-6=0-~6+15 49 - 14 -6 =0+ 14 + 15
=9 29 = 29
This true statement shows that (-3, This true statement shows that (7,
O) is an x-intercept on the graph of 0) is an x-intercept on the graph of
this equation. this equation.
and 7 .
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b. Show that the zeros of the function, J{x) = 4x? 1 16x - 84 _are the same as the X -values of the
X -intercepts for the graph of the equation in part (a) {(i.e., * =—3 and 7 ).

Substituting x = -3 and f(x) = O: Substituting X = =3 and f(x) = O:
4(q) - 16(~3) - 84 = O 4(49) - 16(7) — 84 = O
36 +48 —~ 84 =0 196 — 112 - 84 =0
o0=0 o=0

If the eguation and the function were both graphed on the same coordinate plate, explain how their
graphs would relate and explain how you can determine this just by examining the equation and the
formula of the function.

The graph of the function would be a vertical stretch, with a scale factor of 4, of
the graph of the equation. Or, you could say that the graph of the equation is a

vertical shrink, with a scale factor of V4 of the graph of f. You know this because

the formula for the function f is related to the equation. Solving the equation for
Y, you get y = x* — 4x — 21. So y = %4 fx).

¢. ldentify the vertex of the graphs of each by rewriting the equation and function in the completed-

4
square form, alx- R} + & . Show your work. What is the same about the two vertices? How are
they different? Explain why there is a difference.

P —2% — =Y+ 2%+ 15
y=x*—4x - 21

y=(x* —4x +4 )-21-4
y=(x~2¢%~25

Vertex (2, ~2.5)

4x2 — 16X — 84 = f(x)

) =4(x*—4x+ 4) - 84 — 16
f(x) = 4(x - 2y — 100

Vertex (2, ~100)
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d. Write a new guadratic function, with the same zeros, but with a maximum rather than a minimum.
S

k . , .

o The two vertices have the same x c&gf:dg)ate (the same axis of synwmsty) gatspe y

t coordinate for vertex of the graph of the function is 4 times the y-coordinate of the
¢ vertex of the graph of the two-variable equation, because the graph of the function

" would be a vertical stretch (with a scale factor of 4) of the graph of the equation.

a

graph of your function, indicating the scale on the axes and the key features of the graph.

NOTES: Factored form [s easiest to use with the
zevos as the given information. We just need to
have a negative leading coefficient. Any negative
number will work. This example uses z = —1:

f(x) = - (x + 3)(x - 7)

To graph this function plot the zeros/intercepts

(~3, O) and (7, O). The vertex will be on the axis
of symmetry ( x = 2). Evaluate the equation for x i;c: MLARRA 'é r

T TTTTT T T T T T T T T T

. 3 16

= 2 to find the vertex, (2, 25), and sketch. 8.
Results for the graphs may be wider or narrower 16
and the vertex may be higher or lower. However 24
all should open down, pass through the points (-
3, 0) an (7, 0), and the x-coovdinate for the 32
vertex should be 2. -40
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This unit is part of the Odell Education Literacy
Instruction: Devetoping Core Proficiencies
program, an integrated set of ELA units spanning
grades 6-12. Funded by USNY Regents Research
Fund, the program (under development} is
comprised of a series of four 3-week units at each
grade level that provide direct instruction on a set
of literacy proficiencies at the heart of the CCSS.

Unit I: Reading Closely for Textuatl Details

Unit Il: Making Evidence-Based Claims

Unit I1l: Researching to Deepen Understanding
Unit IV: Building Evidence-Based Arguments

e -??&
SR

R

Making evidence-based claims about textsis a
core Hteracy and critical thinking proficiency that
lies at the heart of the CCSS. The skill consists of
two parts. The first part is the ability to extract
detailed information from texts and grasp how it
is conveyed. Education and personal growth
require real exposure to hew information from a
variety of media. Instruction should push students
beyond general thematic understanding of texts
into deep engagement with textual content and
authorial craft.

The second half of the skill is the ability to make
valid claims about the new information thus
gleaned. This involves develoging the capacity to
analyze texts, connecting information in titeral,
inferential, and sometimes novel ways. Instruction
should lead students to do maore than simply
restate the information they take in through close
reading. Students should come to see themselves
as creators of meaning as they engage with texts.

DT

L
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The Core Proficiencies units have been designed
to be used in a variety of ways. They can be
taught as short stand-alone units to introduce or
develop key student proficiencies. Teachers can
also integrate them into larger modules that build
up to and around these proficiencies. Teachers
can also apply the activity sequences and unit
materials to different texts and topics. The
materials have been intentionally designed for
easy adaplation to new texts.

Unit materials available at
www.odelleducation.com/resources

R
T

BASED

£

ATMS

it is essentiat that students understand the
importance and purpose of making evidence-
based claims, which are at the center of many
fields of study and productive civic life. We must
help students become invested in developing
their ability to explore the meaning of texts. Part
of instruction should focus on teaching students
how to understand and talk about their skills.

It is also important that students view claims as
their own. They shouid see their interaction with
texts as a personal investment in thelr learning,
They are not simply reading texts to report
information expected by their teachers, but
should approach texts with their own authority
and confidence to support their analysis

This unit is designed to cultivate in students the
abitity to make evidence-based claims about texts,
Students perform a sequence of activities
centered on a close reading of text throughout
the unit.

Page 2
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The unit activities are organized into five parts,
each associated with sequential portions of text,
The parts build on each other and can each span a
range of instructional time depending on
scheduling and student ability.

The unit intentionally separates the development
of critical reading skills from their full expression
in writing. A sequence of tools isolates and
supports the progressive development of the
critical reading skilis. Parts 1-2 focus on making
evidence-based claims as readers. Part 3 focuses
on preparing to express evidence-based claims by
arganizing evidence and thinking. Parts 4 and 5
focus on expressing evidence-based daims in
writing.

TAEA
Rm
T

The primary CCSS alignment of the unit
instruction is with RL1 and W.9% {cite evidence to
support analysis of explicit and inferential textual
meaning).

The evidence-based analysis of the text, incjuding
the text-dependent guestions and the focus of
the claims, involve RL2 and RL3 {determine a
central idea and analyze how it is conveyed and
elaborated with details over the course of g text).

QD=L
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This arganization is designed to strengthen the
precision of instruction and assessment, as well as
to give teachers flexibility in their use of the unit.

The first activities of Parts 2-5 - which involve
independently reading sections of the text - are
designed as independent reading assignments, If
scheduling and student ability do not support
independent reading outside of dass, these
activities can be done in ¢lass at the beginning of
each Part. Accordingly, they are listed both as an
independent reading activity at the end of each
part and as an activity beginning the sequence of
the next part.

Alternate configurations of Part 5 are given in the
detailed unit plan to provide multiple ways of
structuring a surnmative assessment.

The numerous paired activities and structured
class discussions develop SL.1 (engage effectively
in a range of collaborative discussions building on
others’ ideas and expressing their own clearly),

The evidence-based writing pieces invoive
W.4 {produce clear and coherent writing in which
the development, organization, and style are
appropriate to task, purpose, and audience).

Page 3
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The unit’s primary instructional focus is on
making evidence-based claims as readers and
writers. Parts 1-3 develop the reading skill.
Activities are sequenced to build the skill from
the ground up. A series of tools supports students
in their progressive development of

the skiil. These tools structure and capture
students’ critical thinking at each developmental
stage and are the primary method of formative
assessment. They are specifically designed to
give teachers the ability to assess student
development of the reading skill without the
influence of their writing abilities.

From the first activity on, students are introduced
to and then use a set of criteria that describes the
characteristics of an evidence-based claim. In pair
work and class discussions, students use the first
five of these criteria to discuss and evaluate
avidence-hased claims made by the teacher and
their peers. Teachers use these same criteria to
assess student claims presented on the tools from
Parts 1-3.

“DUCATION

ESSES

As the instructional focus shifts to writing in Parts
4 and 5 so does the nature of the assessment. n
these parts, teachers assess the student writing
pieces. Students continue using toois as well,
giving teachers clear and distinct evidence of
both their reading and writing skills for
evaluation. In Parts 4-5, students learn about and
use six additional criteria for writing claims.
Teachers apply these criteria in the formative
assessment of students’ written work, as well as
the evaluation of their final evidence-based
writing pieces.

In addition to reading and writing, the unit
incorporates many structured collaborative
activities to develop key speaking and listening
proficiencies. Students and teachers use the Text-
Centered Discussion Checklist to structure and
evaluate participation in those discussions.
Opportunities are aiso given for teachers to
directly observe and evaluate student speaking
and listening skills using the checklist,

Part 5 can be configured in multipte ways giving
teachers the flexibility to structure a summative
assessment suitable for their students.

Page 4
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This unit draws on several strategies for teaching
academic and disciplinary vocabulary, The
primary strategy is the way critical disciplinary
vocabulary and concepts are builtinto the
instruction. Students are taught words like
“claim,” “evidence,” "reasaning,” and “inference”
through their explicit use in the activities.
Students come to understand and use these
words as they think about and evaluate their
textuat analysis and that of their peers.

The EBC Checklist plays a key role in this process.
By the end of the unit, students will have
developed deep conceptual knowledge of key
vocabulary that they can transfer 1o a variety of
academic and public contexts.

The texts and activities also provide many

oo

—
.
——
e
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The unitis explicitly and intentionally framed as
skitls-based instruction, It is critical for students
to understand that they are developing core
literacy proficiencies that will enrich their
academic and civic lives. The unit and activities
should be framed for them as such. Nonetheless,
the texts have been chosen, in part, for their rich
content and cultural significance. They contain
many important historical and contemporary
ideas and themes. Moregver, they have been
selected to connect with topics and events
typically addressed in the grade’s social studies

classrooms. Teachers are encouraged to sequence

the unit strategically within their curriculum and
instructional plans, and 1o establish content
connections that will be meaningful for students.

=1t
~DUCATION

opportunities for text-based academic vocabulary
instruction. Many activities focus directly on
analyzing the way authors use language and key
words to develop ideas and achieve specific
purposes, The process of developing and
evaluating claims supports the acquisition of
these words and content knowledge.

The texts are formatted with integrated tools for
vocabulary development, Each page includes
editable glossaries where teachers and students
can choose various words to define. Some words
have been pre-selected and glossed. Teachers
may choose to differentiate vocabulary support
by student.

This might involve connecting the unit to the
study of topics or eras in social studies, related
genres or voices in literature, or themes and
guiding questions.

Teachers can also adapt the unit activities and
materials to other fiction and non-fiction texts.
The materials have been intentionally designed
for easy adaptation to a variety of texts.

Whatever the curricular context established by
the teacher, the central emphasis of the unit
should, however, be on evidence-based, text-
focused instruction.

Page 5
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This unitis in the format of a Compressed File. Files are organized so you can easily browse through
the materials and find everything you need to print or e-mail for each day.

The materials are organized into three folders:

 UNIT PLAN AND TEXTS -

. Unit Plan  TEXTS are formatted with spacing and
. Models __ margins to support teacher and

o Text(s) student annotation. Students should
: be encouraged to mark up their texts
; (electronically or in print) as they search

The mode! claims and tools are meant only to . for details. Paragraphs and lines are
illustrate the process, NOT to shape textual  numbered for referencing in writing
analysis. it is essential that both teachers and ¢ and discussion. Editable glossaries are
students develop claims based on their own at the bottom of each page, While some -
analysis and class discussion. Teachers are . words have already been bolded and
encouraged to develop their own claims in the - glossed, teachers are encouraged to use .
blark toofs to use with students when modeling © the editable features for choosing '
the process. . words they wish to focus on or gloss,

- and to differentiate vocabulary support
; for their students.

‘HANDOUTS: -

+ Forming tvidence-Based Claims Handout
+ Writing Evidence-Based Claims Handout o e
» Fvidence-Based Claims Criteria - TOOLS and CHECKLISTS have been

Checklists | and Il f;'; created as editable PDF forms. With
« Evidence-Based Writing Rubric  the free version of Adobe Reader,
» Text-Centered Discussion Checklist - students and teachers are able to type

in them and save their work for
recording and e-mailing, This altows

: students and teachers to work either

. with paper and pencil or electronically

* Forming E\Iridence—Based Claitns » according to their strengths and needs.
° Makmg .Ewder?nc&Based Claims + It also allows teachers to collect and
» Organizing Evidence-Based Claims - organize student work for evaluation

» Written Evidence-Based Claim . and formative assessment,

if you decide to PRINT materials, please note that you can print them at actual size, without
enabling the auto-fit function. All materials can be printed either in color or in black and white.

L
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. The teacher presents the purpose of the
unit and explains the skitl of
making EBCs.

« Students independently read part of the
text with a text-dependent question to
guide them.

» Students follow along as they listen to the
text being read aloud and discuss a sevies
of text-dependent questions.

s The teacher models a critical reading
and thinking process for forming EBCs
about texts.

. PART 2: MAKING

¢ Students independently read part of the
text and look for evidence to support a
daim made by the teacher.

+ Students follow along as they listen to the
text being read aloud and discuss a series of
text-dependent questions,

» In pairs, students look for evidence to
support claims made by the teacher.

s The class discusses evidence in support of
claims found by student pairs.

+ |n pairs, students make an EBC of their own
and present it to the class.

+ Students independently read part of the
text and make an EBC.

s Students follow along as they listen to part
of the text being read aloud.

+ The teacher models organizing evidence
to develop and explain claims using
student EBCs.

+ |n pabrs, students develop a claim with
multiple points and organize supporting
evidence,

¢ The class discusses the EBCs developed by
student pairs.

" PART 4: WRITING

EV!DENCE-BASED cmuins

+ The class discusses the written EBCs of
volunteer student pairs,

¢ The class discusses their new EBCs and
students read atoud portions of the text,

 Students independently write EBCs.

+ Students independently review the text and
develop an EBC.

» The teacher introduces and models
writing EBCs using a claim from Part 3.

» in pairs, students write EBCs using one of
their claims from Part 3.

o Students review the entire text and make a
new EBC.

+ The teacher analyzes volunteer student
evidence-based writing from Part 4 and
discusses developing global EBCs,

+ Students discuss their new claims in pairs
and then with the dass.

« Students independently write a final
evidence-based writing piece.

s The class discusses final evidence-based
writing pieces of student volunteers.

Gh=LEL
~DUCATION

E@E 8Y-NC i

Page 7



PART 1

o
s 22

EVIDENCE-BASED CLAIMS

“just a human sort of wisdom”

Stuclents learn the importance and efements of making evidence-based claims
through a close reading of part of the text.

~ ESTtMATEDT’MENdayS
= ACTIVITIES . MATERIALS: R
- : Forming EBC Handout

1- INTRODUCTION TO UNIT Forming EBC Tool

.  EBC Criteria Checklist |
The teacher presents the purpose of the unit - Making EBC Tool
and explains the proficiency of making EBCs. (aKing BB 100

2- INDEPENDENT READING
Students independently read part of the text with a text-dependent question to guide them.

3- READ ALOUD AND CLASS DISCUSSION

Students follow along as they listen to the text being read aloud, and the teacher feads a discussion
auided by a series of text-dependent quastions.

4- MODEL FORMING EBCs
The teacher models a critical reading and thinking process for forming EBCs about texts.

= ALIGNMENT TO €CSS

TARGETED STANDARD(S): RL9-10.1

RL9-10.1: Cite strong and thorough textual evidence to support analysis of what the text says
explicitly as well as inferences drawn from the text.

SUPPORTING STANDARD(S): Ri.9-10.2 RL9-10.3 $L.9-10.1

R1.9-10.2: Determine a central idea of a text and analyze its development over the course of the text,
including how it emerges and is shaped and refined by specific details; provide an objective
summary of the text.

RI1.9-10.3: Analyze how the author unfolds an analysis or series of ideas or events, including the
order in which the points are made, how they are introduced and developed, and the connections
that are drawn between them.

SL.2-10.7: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in
groups, and teacher-ted) with diverse partners on grades 9-10 topics, texts, and issues, building on
others’ ideas and expressing their own clearly and persuasively.

Page 8



= ACTIVITY 1. INTROL

CTiC

VYO UNIT

The teacher presents the purpose of the unit and explains the proficiency of making evidence-based
claims, making reference to the first five criteria from the £8C Checklist 1.

INSTRUCTIONAL NOTES |

Introduce the central purpose of the unit and
the idea of a “claim” somecne might make.
The following is a possible approach:

Introduce the first characteristic of an evidence-
based claim: “States a conclusion you have
come to,.. and that you want others to think
about.” Pick a subject that is familiar to students,
such as *schoo! lunches” and ask them to
brainstorm some claim statements they might
make about the subject. introduce the fourth
characteristic: "Alt parts of the claim are
supported by specific evidence you can point to”
and distinguish claims that can be supported by
evidence from those that are unsupported
opinions, using the students’ brainstorm list

as a reference,

Move from experience-based claims to claims

in a field like science. Start with more familiar,
fact-based claims (For example, the claim “itis
cold outside” is supported by evidence like

“The outside thermometer reads 13 degrees F”
but is not supported with statements like

“It feels that way to me”), Then discuss a claim
such as “Smoking has been shown to be
hazardous to your health” and tatk about how
this claim was once considered to be an opinion,
until a weight of scientific evidence over time
led us to accept this caim as fact. introduce the
third characteristic/criterion: "Demonstrates
knowledge of and sound thinking about a topic”
and with it the idea that a claim becomes
stronger as we expand our knowledge about a
subject and find more and better evidence to
support the claim.

Move from scientific claims to claims that are
based in text that has been read closely. Use an
example of a text read recently in class or one
students are likely to be familiar with. Highlight
that textual claims can start as statements about

what a text tells us directly (literal
comprehension) such as “Tom Sawyer gets the
other boys to paint the fence” and then move to
simple conclusions we draw from thinking about
the text, like: “Tom Sawyer is a clever boy”
because (evidence) "He tricks the other boys into
doing his work and painting the fence.” Then
explain how text-based claims can also be more
comptlex and require more evidence (e.g., “Mark
Twain presents Tom Sawyer as a ‘good bad boy’
who tricks others and gets into trouble but also
stands up for his friend Jim.”), sometimes - as in
this example — requiring evidence from more
than one text or sections of text.

Explain that the class will be practicing the skilt
of making evidence-based claims that are based
in the words, sentences, and ideas of a text by
closely reading and analyzing the text {or texts)
selected for this unit.

in the activities that follow, students will fearn to
make a text-based claim by moving from literal
understanding of its details, to simple supported
conclusions or inferences, to claims that arise
from and are supported by close examination of
textual evidence. This inductive process mirrors
what effective readers do and is intended to help
students develop a method for moving frem
comprehension to claim, In addition, the guiding
questions, model claims, and movement
through the text over the course of the unit are
sequenced to transition students from an initial,
literal understanding of textual details to:

Clairns about fairly concrete ideas presented
in short sections of the text;

« Claims about more abstract ideas implied
across sections of the text;

+ More global claims about the entire text and
its meaning.

Gp=Lt
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= ACTIVITY 2:1

.......

Students independently read part of the text with a text-dependent question to guide them.

 INSTRUCTIONAL NOTES.

i Gri

¢ Students independently read the first two paragraphs of the Apology text and answer
¢ a text-dependent question: What is Socrates being accused of? :
* Briefly introduce students to the text. The introduction should be kept to naming the

+ author, the book and the year of publication. You might also read the introductory

* lines at the beginning of the text to make sure students understand the context of
Socrates apology N

Students should be allowed to approach the text freshly and to make thelr own mferences based
on textual content. Plenty of instruction and support will follow to ensure comprehension for all
students. The question helps orient students to the text and begins the focus on searching for
textual evidence.

—
——
—
™
prare
B

Students follow along as they listen to the text being read aloud, and the teacher leads a discussion
guided by a series of text-dependent guestions.

INSTRUCTIONAL NOTES

Read the first three paragraphs aloud or play the audio file fellowing the link in the
text. (Note that while this recording is the same translation as the text provided, it
is not excerpted.) Lead a discussion guided by three text-dependent questions:

1- What is Sacrates being accused of?

2- How does Socrates make it clear that he is innocent?

3- In paragraph 3, Socrates says he is on trial because of a "certain kind of wisdom"
he has. What kind of wisdom is this?

A Spanish translation is provided to support students whose first language is
Spanish. These students should be encouraged to read from both translations,
while using the English one to develop their evidence-based claims.

The close reading of these paragraphs serves three primary purposes: to ensure comprehension of
artimportant part of the text, to orient students to the practice of close reading, and to guide
students in searching for textual evidence,

Use the discussion about the questions to help students learn the essential skills of selecting
interesting and significant textual details and connecting them inferentially. This process links
directly to the forming of evidence-based daims they will begin in Activity Four.

=
'\ —
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1- What is Socrates being accused of?

Discuss with students how beginning with a statement of his accusation sets a
foundation for the purpose and meaning of the text, Socrates begins by giving a
summary of the charges against him. He cites an affidavit that accuses him;
"Sacrates is a criminal and meddles in matters where he has no business. He's
always poking under the earth and up in the sky, He makes the worse case

look better; and he teaches this sort of stuff to others.” At this point in the text, it is
unclear what it means to be accused of making "the worse case look better”, ot
why Socrates is being put to trial for his curiosity. There are, however, a few
concrete accusations that can be extracted from the affidavit; namely, that
Socrates is being charged with unlawfully teaching doctrines that are not
acceptable.

2- How does Socrates malke it clear that he is innocent?

One of the pleasures and challenges of this text is figuring out Socrates’ various
purposes with his speech. This can he a recurrent theme for discussion.
Throughaourt the speech, guide students through Socrates' subtle and ironic
language by referving to the text. It is clear that these accusations against him are
longstanding, and that he intends to refute them. He immediately gives the
example of a play by Aristophanes that portrays Socrates as claiming he can "walk
on air.” Socrates states he knows nothing about Aristophanes’ accusations and
asks the crowd if they have ever heard him claiming he can do such things. The
crowd agrees they never have.” Talk about the importance of the title of the text
here. Though the text is titled “The Apology,” the Greek word apologia is better
transiated into English as defense. The text is meant to be Socrates’ defense of
himself, not his apology for something he admits he has done wrong.

3-What kind of wisdom does Socrates say he has?

In paragraph 3, Socrates introduces his strange account of how he is wiser than
everyone else because he admits he knows nothing. As the students will soon
read, the Delphi oracle confirms that he is the wisest. Before reading about the
oracle, however, draw in students to the seemingly contradictory lines 25-28. At
first, Socrates says he has a "human wisdom” for which he may really be wise. But
then he goes on to say that he might not understand the “superhuman wisdom” of
his accusers, bringing the reader to question Socrates' reasoning. Ask the students
to refiect on this paragraph and see how Socrates might actually be joking. This
form of tatking forms one of the defining aspects of the Apology: Socrates’ use of
irony to defend himself and mock his accusers, In order for students to appreciate
Socrates' argument, review the meaning of irony and how it is created in a text.

D=LL
=DUCATION
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ACTIVITY 4: MODEL FORMING
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Based on the class discussion of the text, the
teacher models a critical reading and thinking
process for forming EBCs: from comprehension
of textual details that stand out, to an inference
that arises from examining the details, to a basic
EBC that is supported by specific references back
to the text.

Once the class has reached an understanding
of the text, use the Forming EBC Handout to
introduce a three-step process for making a
clairm that arises from the text.

Exemplify the process by making a claim with
the Forming EBC Tool. The tool is arganized so
that students first take note of “interesting”
details that they also see as “related” to each
other. The second section asks them to think
about and explain a connection they have made
among those details.

Such “text-to-text” connections should be
distinguished from "text-to-self” connections
reacers make between what they have read
and their own experiences. These “text-to-text”
connections can then fead them to a "claim”
they can make and record in the third section
of the tool - a conclusion they have

drawn about the text that can be referenced

back to textual details and text-to-text
connections. Have students follow along as
you talk through the process with your claim.

To provide structured practice for the first two
steps, you might give students a textual detail on
a blank tool. In pairs, have students use the tool
to find other details/quotations that could be
related to the one you have provided, and then
make/explain connections among those details.
Use the EBC Checklist 1 to discuss the claim,
asking students to explain how it meets (or
doesn't yet meet) the criteria.

[Note: Here and throughout the entire unit, you
are encouraged to develop claims based on your
own analysis and class discussion. The provided
models are possibilities meant more to iflustrate
the process than to shape textual analysis.
Instruction will be most effective if the claims
used in modeling flow naturally from the textuat
ideas and details you and the students find
significant and interesting. Also, while the tools
have three or four places for supporting
evidence, students should know that not all
claims require three pieces of evidence. Places
on the tools can be left blank.]

—

A

—
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= INDEPENDENTR
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EADING ACTIVITY

Students read paragraphs 4-9 and use the Making EBC Tool to find evidence to support the
teacher-provided claim, This activity overlaps with the first activity of Part 2 and can be given as
homework or done at the beginning of the next class.

—
FuRAE

ASSESST

Ft)

L W‘*”? UPPORTR

JNITIES

The Forming EBC Tool shouid be evaluated to get an initial assessment of students’ grasp of the
refationship between claims and textual evidence. Even though the work was done together with the
class, illing in the tool helps them get a sense of the critical reading and thinking process and the
refationships among the ideas. Also make sure that students are developing the habit of using

quotation marks and recording the reference.

ODELL
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PART 2
MAKING
EVIDENCE-BASED CLAIMS

“| neither know nor think | know.”

Students develop the ability to make evidence-based claims
through a close reading of the text.

| ESTIMATED TIME: -3 days
CTIVITIES 'MATERIALS:

~Maling EBC Tool
1- INDEPENDENT READING AND FINDING SUPPORTING EVIDENCE ° Forming EBC Handout

EERRL

Students independently read part of the text and use the Forming EBC Tool
Making EBC Tool to look for evidence to support a claim made by | EBC Criteria Checklist {

the teacher. STCD Checklist

2- READ ALOUD AND CLASS DISCUSSION -

Students follow along as they listen to the same part of the text being read aloud and discuss
a series of text-dependent questions.

3- FIND SUPPORTING EVIDENCE IN PAIRS

in pairs, students use the Making EBC Tool to look for evidence to support additional claims about
the text made by the teacher.

4- CLASS DISCUSSION OF EBCs
The class discusses evidence in support of claims found by student pairs.

5- FORMING EBCs IN PAIRS
In pairs, students use the Forming EBC Tool to make an evidence-based claim of their own and
present it to the class.

— £ W %»% : &v& __gé: g‘f ‘ af‘)% .u;gr l}a?@% ﬁ*"z W -g:&’#f g
= ALIGNNVENT TO CLS58
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TARGETED STANDARD(S): RL9-10.1

RL.9-10.1: Cite strong and thorough textual evidence to support analysis of what the text says
explicitly as well as inferences drawn from the text.

SUPPORTING STANDARD(S): RL9-10.2 RL.9-10.3 5L.9-10.1

RL9-10.2: Determine a central idea of a text and analyze its development over the course of the text, including
how it emerges and is shaped and refined by specific details; provide an abjective summary of the text,

RL9-10.3: Analyze how the author unfolds an analysis or series of ideas or events, including the order in which the
points are made, how they are introduced and developed, and the connections that are drawn between them,
SL9-10.1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and
teacher-led) with diverse partners on grades 9-10 topics, texts, and issues, building on others’ ideas and
expressing their own clearly and persuasively.
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Students independently read part of the text and use the Making EBC Tool to look for evidence to

support a claim made by the teacher.

[INSTRUCTIONAL NOTES-

Students independently work on

paragraphs 4-9 of Plato's "Apology.”

Depending onh scheduling and student ability,
students can be assigned to read and complete
the tool for homework. Teachers should decide
what works best for their students. It's essential
that students have opportunity to read the text
independently, All students must develop the
habit of perseverance in reading. Assigning the
reading as homewerk potentially gives them
more tirne with the text. Either way,

it might be a good idea to provide some time at

the beginning of dass for students to read the
section quietly by themselves. This ensures that
all students have had at least some independent
reading time.,

Also depending on scheduling and student
ability, some students might choose (or be
encouraged) to read ahead. Instructional focus
should foltow the pacing outlined in the
activities, but students will only benefit from
reading and re-reading the text throughout the
duration of the unit.

yym‘éﬂge’ i‘?
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Students follow along as they listen to the same part of the text being read aloud and discuss

a series of text-dependent questions.

AINSTRUCTIONAL NOTES |

questions.

Students follow along as they listen to paragraphs 4-9 of the text being read aloud
and discuss three text-dependent questions:

1- What does Socrates think about the oracle's message?

2- What does Socrates do in an attempt to test the truth of the oracle’s prophesy?

3- Why do Socrates’ actions incite the anger of his peers?

Read the text aloud to the class while students follow along. Alternatively, students could be asked
to read aloud to the class. Work through the text using the following three text-dependent
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INSTRUCTIONAL NOTES

1- What does Socrates think about the oracle's message?

Socrates explains that a close friend of his, Chaerephon, went to the oracle and
asked if there was anyone wiser than Socrates, The priestess answered that
there is no one wiser than Socrates. When Chaerephon refayed this to Socrates,
Socrates was sconfused and wondered, "what ever does the god mean?”,
Convinced of his own ighorance, but equally convinced of the infallibility of the
oracle, Socrates concluded that the statement must be a riddle and set off to
solve it. Emphasize that in ancient Greece, the oracle was thought to be a
portal through which the gods spoke directly to people, The statements of the
oracle were understood to be the word of god, and therefore never doubted.
"He can't be telling a lie. That just wouldn't be right,” Socrates reasons, if a
statement was confusing or seemed incorract, it was assumed to be a riddle.
Therefore, when Socrates heard the oracle’s statement that he was the wisest
man in Greece, he took it as his life’s calling to figure out the truth behind that
statement.

2- What realization does Socrates come to while trying to prove the oracle
wrong?

[n order to “prove the oracle wrong," Socrates sought out Athenian citizens who
were typically thought of as wise men. When he began to question their
wisdom, Socrates found that not only were they not wise, but they were
incapable of admitting their ignorance. Socrates comes to the conclusion that
the wisdom he has lies in his ability to recognize what he does not know, which
no one else seems willing to do: “ neither know nor think I know.” This ideais a
central theme of the text, and is worth emphasizing. Socrates points out that
people simply assume he knows what he is talking about, when in fact he only
reveals the others’ own ignorance, Still on course to solving the oracle’s riddle,
Socrates states that the god must have meant that he is wise because he knows
nothing (line 70). Discuss Socrates’ irony with these statements, reminding
students of what Socrates is accused of and how it compares to his revelation.

OUzZLL
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¢ 3- Even though he knows he has angeréd many 'peopi.e with his interrogatiohs, how
© does Socrates turn the argument around to his own benefit?

- In his "task of helping god,” Socrates exposes the wise as unwise, which he does with ¢
. apparent lack of satisfaction - he is, after all, simply trying to figure out the god's riddle. :
. As he was doing this, Socrates was aware of the fact that his peers were angry with him, >
. but he felt that he was responsibie to try to understand the oracle’s message. Ask
+ students to focus on the specific words and phrases Socrates chooses to build his irony :
. and innocence, Socrates says he is “sad and fearful” because he has to do this
unpleasant work for the god — it is not his fault that he must reveal these peoples’ lack -
: of wisdom, but the fault of the oracte. In fact, he has gone so far to accept a “
"poverty-stricken” life due to his sense of obligation to help the god. Socrates paints
. himself as a victim of the oracle, rather than benefiting from it. Have students focus on
: other areas in the Apology where Socrates does the same; turns apparently negative "
- aspects of the trial into positive ones for him, or "makes the worse case look better" as
-+ his accusers putit.
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= ALTIVITY Z: FIND SUPPORTING EVIDENCE
?;;pairs, students use the Making EBC Tool to look for evidence to support additional claims about the
text made by the teacher.

INSTRUCTIONAL NOTES

Once the class has reached a solid
undesstanding of the text, connect it to the skill
of making ctaims and supporting them with
evidence by presenting a few main claims, Pass
out the tools and have students work in pairs to
find evidence to support the claims.

The instructional focus here is developing
familiarity with claims about texts and the use of
textual evidence to support them. Students
should still not be expected to develop complete
sentences to express supporting evidence. The
pieces of evidence should be as focused as
Collect each student’s Making EBC Tool with the  possible. The idea is for students to identify the
evidence they found for the first claim, These precise points in the text that support the claim.
should be evaluated to get an assessment of This focus is lost if the pieces of evidence

where each student is in the skill development.  become too large. The tools are constructed to
Students should use their tools for their workin  elicit a type of “pointing” at the evidence.
pairs—repeating the first claim and refining their
evidence based on the read aloud and class
discussion. Even though students are not finding
the evidence independently, they should each
fill in the tools to reinforce their acquisition of
the jogical structure among the ideas, Students
should get into the habit of using quotation
marks whet recording ditect quotes and
including the tine numbers of the evidence,

One approach for ensuring a close examination
of claims and evidence is to provide erroneous
claims that contradict textual evidence and ask
students to find the places that disprove the
claim. Students could then be asked to modify it
to account for the evidence,

OEL
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= ACTIVITY 4: CLASS

ISCUSSION OF E

The class discusses evidence in support of claims found by student pairs.

INSTRUCTIONAL NOTES -

After students have finished their work in pairs,
regroup for a class discussion, Have pairs
volunteer to present their evidence to the rest
of the class. Discuss the evidence, evaluating
how each piece supports the claims, Begin by
modeling the evaluation, referring to the
checklist, and then call on students to evaluate
the evidence shared by the other pairs.

They can offer their own evidence to expand
the discussion. Carefully guide the exchanges,
explicitly asking students to support their
evaluations with reference to the text.

These constructive discussions are essential for
the skili development, Listening to and
evaluating the evidence of others and providing
text-based criticism expands students’ capagity

to reason through the relationship between
ctaims and evidence. Paying close attention to
and providing instructional guidance on the
student comments is as important to the process
as evaluating the tools and creates a class culture
of supporting all claims (including oral critiques)
with evidence.

Using the Text-Centerad Discussion Checklist is
one way of talking about and supporting
student participation in class and pair
discussions, especially if students are alreacly
famitiar with the TCO checklist from previous
units, If not, time can be taken (if desired} to
introduce themn to some or all of the criteria of
effective text-centered discussions.
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In pairs, students use the Forming EBC Tool to make an evidence-based c!alm of their own and

present it to the class.

INSTRUCTIONAL NOTES.

Once the claims and evidence have been
discussed, students return to the pairs and use
the tool to make an evidence-based claim of
their own. Pairs should make a single claim, but
each student should fill in his or her own tool.
Regroup and discuss the claims and evidence as
a class, Pairs can use theis tool to present their
claims and evidence orally.

Talk through the process modeied in the tool,
in¢luding the nature of the details that stood out
to students, the reasoning they used to group
and relate them, and the claim they developed
from the textual evidence.

Draw upon the Forming EBC Handout and

EBC Criteria Checklist | to help guide discussion.

QDzLL
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Students read paragraphs 10-17 of Plato's "Apology" and use the Forming EBC Tool to make a claim
and support it with evidence, This activity overtaps with the first activity of Part 3 and can be given as
homework or done at the beginning of the next class.
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UNITIES

The Making EBC Tools should be evaluated to assess the development of the student’s grasp of the
relationship between claims and textual evidence. They should show progress in the relevance and
focus of the evidence. The Forming EBC Teols are students’ first attempts at making their own claims
with the help of a peer. Basic claims are fine at this point. Use the EBC Criteria Checklist to structure
the evaluation and feedback to students. Evaluation should focus on the validity and clarity of the
ctaim and the relevance of the evidence. Recording the “thinking” part of the tool is important in
order to strengthen the student’s reasoning skills as well as provide them with the academic
vocabulary to talk about them.

Bt

Evidence should be in quotation marks and the reference recorded. Using quotation marks helps
students make the distinction between quotes and paraphrases. it also helps them to eventually
incorporate quotes properly into their writing. Becerding references is critical not only for proper
incorporation in writing, but also because it helps students return to text for re-evaluating evidence
and making appropriate selections,

The Text-Centered Discussion Checklist can be used to evaluate student participation in discussions
for formative and diagnostic information, Teachers and students can get a sense of areas where
development in speaking and listening skills are needed.
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PART 3

EVIDENCE BASED CLAIMS

“You're not likely to get another gadfly like me.”

Students expand their ability into organizing evidence to develop and
explain claims through a close reading of the text,

— ;:f ESTIMATED TIME: 1-3 days
= ACTIVITIES MATERIALS:

- : Organizing EBC Tool

1- INDEPENDENT READING AND FORMING EBCs - Forming EBC Tool

Students independently read part of the text and use the Forming E.BC”Critgria:C.hg;l.dist | _
EBC Tool to make an evidence-based claim.

2-READ ALOUD
Students follow along as they listen to part of the text being read aloud.

3- MODEL ORGANIZING EBCs
The teacher models organizing evidence to develop and explain claims using student evidence-
based claims and the Organizing EBC Tool.

4- ORGANIZING EBCs IN PAIRS
in pairs, students develop a claim with multiple points using the Organizing EBC Tool.

5- CLASS DISCUSSION OF STUDENT EBCs
The class discusses the evidence-based dlaims developed by student pairs.
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TARGETED STANDARD(S}: RL9-10.1
RI.9-10.1: Cite strong and thorough textual evidence to support analysis of what the text says
explicitly as wel as inferences drawn from the text.

SUPPORTING STANDARD(S): RL9-10.2 Ri.9-10.3 SL.9-10.1

RI.9-10.2: Determine a central idea of 3 text and analyze its development over the course of the text,
including how it emerges and is shaped and refined by specific details; provide an objective
summary of the text,

RI.S-10.3: Analyze how the author unfolds an analysis or series of ideas or events, including the order
in which the points are made, how they are introduced and developed, and the connections that are
drawn between them,

SL.9-10.1: Initiate and participate effectively in a range of collaborative discussions {one-on-one, in
groups, and teacher-led) with diverse partners on grades 9-10 topics, texts, and issues, building on
others’ ideas and expressing their own dearly and persuasively.

3=t
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ToINDEPENDENT READING 7

Students independently read part of the text and use the Forming EBC Tool to make an evidence-

based claim,

INSTRUCTIONAL NOTES

Students independently work on

paragraphs 10-17 of Plato's "Apoclogy.”
Depending on scheduting and student ability,
students can be assigned to read and complete
the tool for homework. Teachers should decide
what works best for their students, It's essential
that students have an opportunity to read the
text independently. All students must develop

the habit of perseverance in reading. Assigning
the reading as homework potentially gives them
more time with the text. Either way,

it might be a good idea to provide some time at
the beginning of class for students to read
quietly by themselves. This ensures that all
students have had least some independent
reading time.

= ACTIVITY 2: READ ALDUD

Students follow along as they listen to part of the text being read aloud.

INSTRUCTIONAL NOTES

Read paragraphs 10-17 aloud to the class while students follow along. Alternatively, students coutd

be asked to read aloud to the class,

= ACTIVITY

R
L

30 MODEL ORG

NMIZING EBCs

The teacher models organizing evidence to develop and explain claims using student evidence-based

claims and the Organizing EBC Tool.

INSTRUCTIONAL NOTES

The central focus of Part 3 is learning the
thinking processes associated with developing
an evidence-based claim: reflecting on how one
has arrived at the claim; breaking the dlaim into
parts; organizing supporting evidence in a
fogical sequence; anticipating what an audience
will need to know in order to understand the
ctaim; and, eventually, planning a line of
reasoning that will substantiate the claim. This is
a complex set of cognitive skills, challenging for

most students, but essential s¢ that students
can move from the ¢lose reading process of
arriving at a claim (Parts 1-2 of the unit) to the
purposeful writing process of explaining and
substantiating that claim (Parts 4-5}.

How a reader deveiops and organizes a claim is
dependent upon the nature of the claim itself -
and the nature of the text {or texts) from which it
arises. In some cases - simple claims involving
literal interpretation of the text - indicating

#
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INSTRUCTIONAL NOTES.

where the claim comes from in the text and
explaining how the reader arrived at itis
sufficient. This suggests a more straightforward,
explanatory organization. More complex claiims,
howaever, often involve multiple parts, points, or
premises, each of which needs to be explained
and developed, then linked in a logical order
into a coherent development.

Students only learn how to develop and
organize a claim through practice, ideally
moving ovet time from simpler claims and more
familiar organizational patterns to more complex
claims and organizations,

Students can be helped in learning how to
develop a claim by using a set of developmental
guiding gquestions such as the foliowing:

[Note: the first few questions might be used with
younger or less experiences readers, the latter
guestions with students who are developing
more sophisticated claims.]

« What do | mean when | state this claim? What
am | trying to communicate?

+ How did | arrive at this claim? Can | “tell the
story” of how | moved as a reader from the
literal details of the text to a supported claim
about the text?

+ Can [ point to the specific words and
sentences in the text from which the claim
arises?

+ What do | need to explain so that an audience
can understand what | mean and where my
claim comes from?

+ What evidence {quotations) might | use to
illustrate my claim? In what order?

»

If my claim contains several parts {or
premises), how can | break it down, organize
the parts, and organize the evidence that
goes with them?

if my claim involves a comparison or a
relationship, how might | present, clarify, and
organize my discussion of the relationship
between parts or texts?

Students who are learning how to develop a
claim, at any level, can benefit from graphic
organizers or instructional scaffolding that helps
them work out, organize, and record their
thinking. While such models or templates should
not be presented formulaically as a "how to” for
developing a claim, they can be used to suppoit
the learning process. The Organizing EBC Tool
can be used to provide some structure for
student planning - or you can substitute another
model or graphic organizer that fits well with the
text, the types of claims being developed, and
the needs of the students.

Begin by orienting students to the new tool and
the idea of breaking down a claim into parts and
organizing the evidence accordingly.

Ask for a volunteer to present his or her claim
and supporting evidence. Use the example as a
basis for a discussion. Based on the flow of
discussion, bring in other volunteers to present
their claims and evidence to build and help
clarify the points, Work with students to hone
and develop a claim, As a class, express the
organized claim in Organizing EBC Tool The
provided teacher version is one possibie way a
claim could be expressed and organized.
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ACTIVITY 4;

In pairs, students develop and organize a daim using the Organizing EBC Tool.

L

INSTRUCTIONAL NOTES.
| When the class has reached a solid expression You might want to give students some general
of an organized evidence-based claim, have guidance by directing their focus to a specific

students work in pairs, using the tool to develop  section of the text,
and organize another claim.

ACTIVITY 5: CLASS DISCUSSIC
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After students have finished their work in pairs, regroup for a ctass discussion about their EBCs,

INSTRUCTIONAL NOTES.
Have pairs volunteer to present their claims student work to explain how evidence is
and evidence to the rest of the class. Discuss organized to develop aspects of claims,
the evidence and organization, evaluating how  The teacher version of the Organizing EBC Tooi is
each piece supports and develops the claims. one possible way a claim ¢ould
Repeat the process from activity two, using be expressed and organized.

friirnd

INDEPENDENT READING ACTIVITY

Students review the text and use the Forming EBC Tool to make any claim and support it with
evidence. This activity overlaps with the first activity of Part 4 and can be given as homework or done
at the beginning of the next class.

T
Hamatd,

BT

= ASSESSMENT

Students are now beginning to develop more complex claims about challenging portions of the text.
Their Forming EBC Tool should demonstrate a solid grasp of the claim-evidence relationship, but do
not expect precision in the wording of their claims. Using the Organizing EBC Tool will help them
clarify their claims as they break it into parts and organize their evidence, How they have transferred
their information will demonstrate their grasp of the concept of organizing. Their second Organizing
EBC Tool should show progress in all dimensions including the clarity of the claim and the selection
and organization of evidence, Use the EBC criteria checklist to structure the evaluation and feedback
to students.
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PART 4
WRITING
EVIDENCE-BASED CLAIMS

“The unexamined life is not worth living.”

Students develop the ability to express evidence-based claims

OBJECTWE in writing through a close reading of the text.

- . ESTIMATED TiME: 1-3 days
= ACTIVITIES ' MATERIALS:

T - Writing EBC Handout

1- INDEPENDENT READING AND MAKING EBCs - Forming EBC Tool

Students independently review the text and use the - Organizing EBC Tool
Forming EBC Tool to develop an evidence-based claim. . EBC Criteria Checklist 1l

2- MODEL WRITING EBCs - TCD Checklist

The teacher introduces and models writing evidence-based claims using a claim developed in Part 3.

3- WRITING EBCs IN PAIRS
In pairs, students write evidence-hased claims using one of theijr claims from Part 3.

4- CLASS DISCUSSION OF WRITTEN EBCs
The class discusses the written evidence-based claims of volunteer student pairs.

5- READ ALOUD AND CLASS DISCUSSION
The class discusses their new evidence-based claims and students read aloud portions of the text.

6- INDEPENDENT WRITING OF EBCs
Students independently write their new evidence-based claims.

TARGETED STANDARD(S): Ri.9-10.1 W.9-10.9b

R1.9-10.1: Cite strong and thorough textual evidence to support analysis of what the text says
explicitly as well as inferences drawn from the text.

W.9-10.9b: Draw evidence from literary or informational texts to support analysis, reflection, and
research.

SUPPORTING STANDARD(S): RL9-10.,2 R1.9-10.3 SL.9-10.1 w.8.4

RL9-10.2: Determine a central idea of a text and analyze its development over the course of the text, including how
it emerges and is shaped and refined by specific details; provide an objective summary of the text.

RL9-10.3: Analyze how the author unfolds an analysis or series of ideas or events, including the order in which the
points are made, how they are introduced and developed, and the connections that are drawn between them.
5L.9-10.1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and
teacher-led) with diverse partners on grades 9-10 topics, texts, and issues, building on others’ ideas and expressing
their own clearly and persuasively.
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Students independentiy read paragraphs 18-23 in the text and use the Forming EBC Tool to develop

ah evidence-based claim,

'INSTRUCTIONAL NOTES -

Depending on scheduling and student ability,
stidents can be assigned to read and complete
the tocl for homework. Teachers should decide
what works best for their students, It's essential
that students have an opportunity to read the
text independently. All students must develop
the habit of perseverance in reading. Assigning

the reading as homework potentially gives them
more time with the text. Either way,

it might be a good idea to provide some time at
the beginning of class for students to read the
text quietly by themselves. This ensures that all
students have had at least some independent
reading time.

FIVITY 2: MIODEL WRITING EBCs

The teacher introduces and models writing evidence-based claims using a claim developed in Part 3.

INSTRUCTIONAL NOTES:

Parts 1-3 have built a solid foundaticn of critical
thinking and reading skills for developing and
organizing evidence-based claims. Parts 4 and 5
focus on expressing evidence-based claims in
writing. Class discussions and pair worl have
given students significant practice expressing
and defending their claims orally. The tools have
given them practice selecting and organizing
evidence, Expressing evidence-based claims in
writing shouid now be a natural transition from
this foundation,

Begin by explaining that expressing evidence-
based claims in writing follows the same basic
structure that they have been using with the
tools; one states a clatm and develops it with
evidence, Discuss the additional considerations
when writing evidence-based claims like
establishing a clear context and using propet
techniques for incorporating textual evidence,
Introduce the EBC Criteria Checklist Il with the
additicnal writing-related criteria The Writing
EBC Handout gives one approach to explaining
writing evidence-based claims. Model example

written evidence-based daims are provided with
the materials.

Explain that the simplest structure for writing
evidence-based claims is beginning with a
paragraph stating the claim and its context and
then using subsequent paragraphs logically
linked together 1o develop the necessary points
of the dlaim with appropriate evidence, (More
advanced writers can organize the expression
differently, like establishing a context, building
points with evidence, and stating the claim at
the end for a more dramatic effect. It's good to
let students know that the simplest structure is
not the only effective way).

Incorparating textuat evidence into writing is
difficult and takes practice, Expect all students to
need a lot of guidance deciding on what precise
evidence to use, how to order it, and deciding
when to paraphrase or to quote. They will also
need guidance structuring sentence syntax and
arammar to smoothly and effectively
incorporate textual details, while maintaining
their own voice and style,
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INSTRUCTIONAL NOTES
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RITING EBCs contm

Three things to consider when teaching this
difficult skill:

« A’think-aloud” approach can be extremely
effective here. When modeling the writing
process, explain the choices you make, For
example, “I'm paraphrasing this piece of
evidence because it takes the author four
seniences to express what | can do in one.”
Qr, "I'm queting this piece directly because
the author's phrase is so powerful, | want to
use the original words.”

» Making choices when writing evidence-based
claims is easiest when the writer has “lived
with the claims.” Thinking about a claim—
personalizing the analysis—gives a writer an
intuitive sense of how she wants to express it.
Spending time with the tools selecting and
organizing evidence will start students on this
process,

« Students need to know that thisis a
process—that it can’t be done in one draft,
Revision is fundamental to honing written
evidence-based claims.

CHIWVITY 30 WRITH
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G EBCS IN PAIRS

In pairs, students write evidence-based claims using their daims from Part 3.

INSTRUCTIONAL NOTES

I Students return to the same pairs they had in
Part 3 and use their Organizing EBC Tools as
guidelines for their writing, Teachers should
roam, supporting pairs by answering questions

and helping them get comfortable with the
techniques for incorporating evidence, Use
questions from pairs as opportunities to instruct
the entire class.

ACTIVITY 4
= WRITTEN %‘"%

The class discusses the written evidence-based claims of volunteer student pairs.

ANSTRUCTIONAL NOTES

Have a pair volunteer to write their evidence-
based claim on the board. The class together
should evaluate the way the writing sets the
context, expresses the claim, effectively
organizes the evidence, and incorporates the
evidence properly. Use the EBC Criteria Checklist
I to guide evaluation. The Text-Centered
Discussion Checklist (if being used) is helpfuf
here to guide effective participation in
discussion, Of course, it's also a good
opportunity to talk about grammatical structure

and word cheice. Let other students lead the
evaluation, reserving guidance when needed
and appropriate. It is likely and ideal that other
students will draw on their own versions in when
evaluating the volunteer pair's. Make sure that
class discussion maintains a constructive
collegial tone and all critiques are backed with
evidence,

Madel written evidence-based claims are
provided in the materials.
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= ACTIWITY
= CLASS 3

The class discusses their new evidence-hased claims from Activity 1 and students read aloud portions
of the text.

INSTRUCTIONAL NOTES
At this stage, this activity is reversed from earlier the class analyze claims and selected evidence.
similar ones. Students should present their Have students transfer their ctaims from the
evidence-based claimns and allow discussionto  Forming EBC Tool to the Organizing EBC Tool to
determine areas of the text to be read aloud. help them organize and refine their evidence in
Students read aloud relevant portions to help preparation for writing.

PENDENT WRITING

Students independently write their evidence-based claims from their Organizing EBC Tools.

INSTRUCTIONAL NOTES.

Students should have refined their claims and developed an Grganizing EBC Toof based on class
i discussion. Now they independently write their claims based on their tools,

= INDEPENDENT READI

A

NG ACTIVITY

Students review the entire text and use an Organizing EBC Tool to make a new claim of their
choice and develop it with evidence. This activity overlaps with the first activity of Part 5 and can be
given as homework or done at the beginning of the next class.

wFE

= ASSESSMENT

i

PORTUNITIES

At this stage teachers can assess students’ reading and writing skills. Students shouid be comfortable
making claims and supporting them with organized evidence. Their tools should demonstrate
evidence of mastery of the reading skill. Student writing should demonstrate the same qualities of
organization. Make sure they have properly established the context; that the daim is clearly
expressed; and that each paragraph develops a coherent point, Evaluate the writing for an
understanding of the difference between paraphrase and quotation. All evidence should be properly
referenced. Use the EBC Criteria Checklist U to structure the evaluation and feedback to students.
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EVIDENCE- BASED WRITING

“The easiest and finest escape is not by doing people in.”

Students develop the ability to express global evidence-based claims in writing
through a close reading of the text.

— 'ESTIMATED TIME: 1- 2 days
—— j;;sﬁv [ r.&g ; W :.. Lk
= ALTIVITIE  MATERIALS:

s ~Forming EBC Tool

1- INDEPENDENT READING AND MAKING EBCs Organizing EBC Tool

Students independently review the entire text and use the ~Writing EBC Handout

Forming EBC Tool to make a new evidence-based claim. EBC Criteria Checklist If

2- CLASS DISCUSSION OF GLOBAL EBCs  Evidence-Based Writing Rubric ,

The teacher analyzes volunteer students’ written evidence-based claims frorn Part 4 and dlscusses
developing global EBCs.

3- PAIRS DISCUSS THEIR EBCs
Students discuss their new claims in pairs and then with the class.

4- INDEPENDENT WRITING OF FINAL PIECE
Students independently write a final evidence-based writing piece using their new claims.

5- CLASS DISCUSSION OF FINAL WRITING PIECES
The class discusses final evidence-based writing pieces of student volunteers.

i
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TARGETED STANDARD(S): R1.9-10.1 W.0-10.9h

R1.9-10.1: Cite strong and thorough textual evidence to support analysis of what the text says
explicitly as well as inferences drawn from the text.

W.9-10.9b: Draw evidence from literary or informational texts to support analysis, reflection, and
research,

SUPPORTING STANDARD(S); RL9-10.2 R.9-10.3 5L.9-10.1 W.9-10.4

R1.9-10.2: Determine a central idea of a text and analyze its development over the course of the text, including how
it emerges and is shaped and refined by specific details; provide an objective summary of the text.

RL9-10.3: Analyze how the author unfolds an analysis or series of ideas or events, including the order in which the
points are made, how they are introduced and developed, and the connections that are drawn between them,
51.9-10.1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and
teacher-led) with diverse partners on grades 9-10 topics, texts, and issues, building on others’ ideas and expressing
their own clearly and persuasively,

W.9-10.4: Produce clear and coherent writing in which the development, organization, and style are appropriate to
task, purpose, and audience,
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Students independently review the entire text and use the Forming EBC Tool to make a new

evidence-based claim.

INSTRUCTIONAL NOTES

Depending on scheduling and student ability,
students can be assigned to read and complete
the tool for homework. Teachers should decide
what works best for their students. It's essential
that students have an opportunity to read the
text independently. All students must develop
the habit of perseverance in reading. Assighing

the reading as homework potentially gives them
more time with the text. Either way,

it might be a good idea to provide some time at
the beginning of class for students to read the
text quietly by themselves. This ensures that ali
students have had at least some independent
reading time,

The teacher analyzes volunteer students’ written evidence-based claims from Part 4 and discusses

developing giobal EBCs,

INSTRUCTIONAL NOTES

This activity should be seen as an expansion of
the skills developed in Part 4, Begin by analyzing
volunteer student-written claims to review the
critical aspects of writing, These claims wili vary
in the amount of text they span and the global
nature of the ideas, Use various examples to
demonstrate the differences, moving to a
discussion of how claims build on each other to
produce more global analysis of entire texts.

Throughout the unit the text has been
chunked into gradually larger sections,
and now students have been asked to consider

the entire text for their final claim. Model
making a more global claim, discussing its
relationship to smatler local claims. Demonstrate
how claims can become sub-points for other
claims.

Some students can be asked to present the
claims they have developed as further models.
The Writing EBC Handout could aid discussion
on how various claims require various ways of
establishing their context and relevance,

1
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ACTIVITY 2: PAIRS DISCUSE THEIR BB s

Students discuss their new claims from Activity 1 in pairs and then with the class,
INSTRUCTIONAL NOTES
Once the class has a general understanding of  three-point organizational tools to best fit their
the nature of more global claims, break them ctaims.
into pairs to work on the claims they have begun
to develop in Activity 1. Have the pairs discuss if
their claims contain sub-claims and how best

they would be organized. It may be helpful to
provide students with both the two-point and

TEELHE

Volunteer pairs should be asked to discuss the
work they did on their claims. At this point they
shouid be able to talk about the nature of their
claims and why they have chosen to organize
evidence in particular ways,

CHIVITY 40 iNDEPENDENT WRITING OF
AL PIiECE

Students independently write a final evidence-based writing piece using their new claims.
ANSTRUCTIONAL NOTES :

This evidence-based writing piece should be used as a summative assessment to evaluate
acquisition of the reading and writing skills. Evaluating the claims and discussing ways of improving
their organization breaks the summative assessment into two parts: making an evidence-based
claim, and writing an evidence-based claim.

1
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ACTIVITY 5: CLASS DISCUSSION OF
= WRITING PIECE:

The class discusses the final evidence-based writing piece of student volunteers, If the Text-Centered
Discussion Checklist has been used throughout the unit, this activity can be used for formative
assessment on student discussion skills. in this case, the activity can be structured more formally,
either as small group discussions where each student reads, receives constructive evidence-based
feedback from other group members, and then responds orally with possible modifications.

; w
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ASSESSMENT

At this stage teachers can assess students’ reading and writing skills, Students should be comfortable
making claims and supporting them with organized evidence. Their tools should demonstrate
mastery of the reading skill. Their final evidence-based writing piece can be seen as a summative
assessment of both the reading and writing skills. Use the Evidence-Based Writing Rubric to evaluate
their pieces.

If activity 5 is used for assessment of discussion skills, use the Text-Centered Discussion Checklist to
structure evaluation and feedback.

TN
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The activities of Patt 5 can be re-ordered to provide a slightly different summative assessment.
Teachers could choose not to give Activity 1 as an initial homework assignment or begin the part with
it. Instead they can begin with the analysis of student writing from Part 4 and the discussion of global
dlaims. Then students can be assigned to review the entire speech, use a tool to make

a global evidence-based claim ,and move directly to developing the final evidence-based writing
piece. This configuration of the activities provides a complete integrated reading and writing
assessment. Depending on scheduling, this activity could be done in class or given partially or entirely
as a homework assignment, Even with this configuration, ELL students or those reading below grade
level can be supported by having their claims evaluated before they begin writing

their pieces.

ACTIVITY 1- CLASS DISCUSSION OF GLOBAIL EBCs
The teacher analyzes volunteer students’ written evidence-based claims from Part 4 and discusses
developing global claims,

ACTIVITY 2- INDEPENDENT READING AND MAKING EBCs
Students review the entire text and use an Organizing EBC Toot to make a global EBC.

ACTIVITY 3- INDEPENDENT WRITING OF FINAL PIECE
Students independently write a final evidence-based writing piece using their global claims,

ACTIVITY 4- CLASS DISCUSSION OF FINAL WRITING PIECES
The class discusses final evidence-based writing pieces of student volunteers.
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This unit is in the format of a Compressed File, Files are organized so you can easily browse through

the materials and find everything you need to print or e-mail for each day.

The materials are organized into three foldeys:

"UNITPLAN AND TEXTS -

+ UnitPlan
*» Models
s Text(s)

The model claims and teols are meant only to
illustrate the process, NOT to shape textual
analysis. It is essential that both teachers and
students develop claims based on their own
analysis and class discussion. Teachers are
encouraged to develop their own claims in the
blank tools to use with students when modeling
the process.

¢ Forming Evidence-Based Claims Handout
» Writing Evidence-Based Claims Handout
« Evidence-Based Claims Criteria

Checklists | and H
« Evidence-Based Writing Rubric
» Text-Centered Discussion Checklist

e Forming Evidence-Based Claims

» Making Evidence-Based Claims

+ Organizing Evidence-Based Claims
+ Written Evidence-Based Claim

TEXTS are formatted with spacing and
margins to support teacher and
student annotation. Students should
be encouraged to mark up their texts

-{electronically or in pring) as they search

for details. Paragraphs and lines are
numbered for referencing in writing
and discussion. Editable glessaries are
at the bottom of each page. While some
words have already been bolded and
glossed, teachers are encouraged to use
the editable features for choosing

“words they wish to focus on or gloss,

and to differentiate vocabulary support
for their students.

TOOLS and CHECKLISTS have been

- created as editable PDF forms, With
-the free version of Adobe Reader,

students and teachers are able to type
it them and save their work for

“recording and e-railing. This allows

students and teachers to work either
with paper and pencil or electronically

“according to their strengths and needs,

it also allows teachers to collect and

-organize student work for evaluation

and formative assessment.

if you decide to PRINT materials, please note that you can print them at actual size, without
enabling the auto-fit function. Alf materials can be printed either in color or in black and white.
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This unit is in the format of a Compressed File. Files are organized so you can easily browse through
the materials and find everything you need to print or e-mail for each day.

The materials are organized into three folders:

» Unit Plan
« Models
e Texts

The model questions and tools are meant only
to illustrate the process, NOT to shape textual
analysis. it is essential that both teachers and
students develop questions based on their own
analysis and class discussion. Teachers are
encousaged to develop their own questions in
the blank tools to use with students when
modeling the process.

+ Guiding Questions Handout
+ Reading Closely Checklist
s  Text-Centered Discussion Checklist

+ Analyzing Details
» Questioning Texts

TEXTS ave formatted with spacing and
margins to support teacher and
student annotation. Students should
be encouraged to mark up their texts
(electronically or in print) as they search

for details. Paragraphs and lines are

numbered for referencing in writing
and discussion. Editable glossaries are
provided at the bottom of each page.
While some words have already been
holded and glossed, teachers are
encouraged 1o use the editable features

for choosing words they wish to focus

an or gioss, and to differentiate word
support for their students.

TOOLS and CHECKLISTS have been

- created as editable PDF forms, With

the free version of Adobe Reader,
students and teachers are able to type
in them and save their work for
recording and e-mailing. This atlows

- students and teachers to work either

with paper and pencil or electronically
according to their strengths and
needs. It also allows teachers to collect
and organize student worl< for
evaluation and formative assessment.

If you decide to PRINT materials, please note that you can print them at actual size, without
enabling the auto-fit function. All materials can be printed either in color or in black and white.
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Writing evidence-based claims is a little different from writing stories or just writing about semething. You need
1o follow a few steps as you write,

. ESTABLISH THE CONTEXT

Your readers must know where your claim is coming from and why it's relevant

Depending on the scope of your piece and claim, the context differs.

If your whole piece is one claim or if you're introducing the first major claim of your piece, the entire context
must be established:

In “The Red Convertible,” Louise Erdrich develops...

Purposes of evidence-based writing vary. In some cases, naming the book and author might be enough to
establish the relevance of your claim. In other cases, you might want to supply additional information:

in order to develop dramatic irony in fiction, authors will often play with time in their narrative. In the
short story “The Red Cenvertible,” Louise Frdrich develops...

If your claim is part of a larger piece with multiple claims, then the context might be simpler:

To create this effect, Erdrich... or In paragraph 5, Erdrich. ..

: TATE YOUR CLAIM CLEARL f

How you state your claim is |mp0rtant it must precisely and comprehensively express your analysis.
Figuring out how to state claims is a process; writers revise them continually as they write their supporting
evidence. Here's a claim about how Erdrich’s use of a particular style of narration achieves a specific effect in
the story:

in “Tha Red Convertible,” Louise Erdrich uses a first person narrator, Lyman, to recount a narrative with a
poignant and ironic resolution.

When writing claims, it is often useful to describe parts of the claim before providing the supporting evidence.
Ins this case, the writer might want o briefly identify and describe the specific technique Erdrich uses to achieve
the ironic resolution:

In “The Red Convertible,” Louise Erdrich uses afirst person narrator, Lyman, to recount a narrative with a
poighant and ironic resolution. To heighten the mystery of the story as it unfolds and to foreshadow the
dramatic irony of its ending, Erdrich plays with time within her episodic narrative structure.

The explanation in the second sentence about how Erdrich creates foreshadowing and irony by playing with
time is relevant to the claim. It atso begins connecting the claim to ideas that will be used as evidence.

Remember, you should continually return to and re-phrase your claim as you write the supporting evidence to
make sure you are capturing exactly what you want to say. Writing out the evidence always helps you figure out
what you really think.

Many claims contain multiple aspects that require different evidence that can be expressed in separate
paragraphs. This claim can be broken down into two parts:

NARRATION AND PLAY WITH TIME and

CRYPTIC AND PUZZLING PHRASES/WORDS.

CDzLL
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RGANIZE YOUR SUPPORTING EVIDENCE (CONT'D)

This paragraph supports the claim with evidence by describing Erdrich's use of NARRATION AND PLAY WITH TIME

The reader experiences the story of “The Red Convertible” through the eyes of Lyman, one of its chief
characters and the brother of Henry Junior, Lyman recounts the narrative as a series of (sometimes
disconnected) episodes - moving backward in time following the opening paragraph to tetl a story that
unfolds in a sequence of scenes: the buying of the car, the brothers” unexpected trip to Alaska, Henry's
induction into the Marines and then return from Vietnam, Lyman's intentional destruction of the red
convertible and Henry's subsequent restoration of the car, Bonita taking the photo of the two of them before
their final drive, and the moments before and after Henry's drowning, While these incidents are mostly
presented in chronological sequence, there are many leaps forward in time, and at three key points the
narsaticn actually shifts in its time frame. The first of these oceurs in paragraph 1, when Lyman initially says,
"We owned it together..." (past tense) and then, "Now Henry owns the whole car” (present tense), This shift
mirrors one that introduces its final, climactic sequence of events, when Lyman first poetically describes Henry
using the past tense: "His face was totally white and hard, Then it broke, like stones break all of a sudden when
water boils up inside of them” then immediately shifis to present when Henry replies: "'l know it,' he says. 'l
know it, b can't help it. it's no use." (paragraphs 49-50}

The second paragraph analyzes Erdrich’s use of CRYPTIC AND PUZZLING WORDS/PHRASES:

Erdrich's manipulation of time in her first person narrative is underscored by her presentation, through
Lyman's eyes and voice, of images and words which are at first cryptic and puzzling and finally chilling and
ironic - creating a circular structure to both the narrative and its language. In paragraph 1, Lyman tells the
reader, "We owned it together until his boots filled with water on a windy night and he bought out my share,,"
a mysterious early detail in the story. At the story's dimactic moment, Lyman then sparsely reports Henry's last
words: "My boots are filfing,’ he says. He says this in a normal voice, like he just noticed and he doesn't know
what to think of it. Then he's gone., A branch comes by.” {paragraphs 67-8). Moments later, Lyman sends the
cay into the river, with its headlights "reachling] in as they go down, searching...” He then ends the story with a
final stark description: "Itis all finally dark. And then there is only the water, the sound of it geing and running
and going and running and running,” with the repetition of the word "running” ironically circling back to the
final sentence of the narrative's first paragraph: "Lyman walks everywhere he goes™ -the only time he refers to
hirnself in the third person,

MNotice how the phrase, “Erdrich's manipulation of time in her first person narrative,” furthers the discussion on time
and narrative from first paragraph. Transitional phrases like this one aid the organization by showing how the ideas
relate to each other or are further developed.

"PARAPHRASE AND QUO

Written e\rldence from texts can be paraphrased or guoted, It's up to the writer 1o deude Which works better for each
piece of evidence. Paraphrasing is putting the author’s words into your own. This works well when the author
ariginally expresses the idea you want to indude across many sentences. You might write it more briefly.

The second sentence of paragraph 1 paraphrases each episode of the action:

“... telt a story that unfolds in a sequence of scenes: the buying of the car, the brothers' unexpected trip to
Alaska, Henry's induction into the Marines and then return from Vietnam... Bonita taking the photo of the two
of them before their final drive, and the morments befare and after Henry's drowning,”

Some evidence is better quoted than paraphrased. If an author has found the quickest way to phrase the idea or the
words are espedially strong, you might want to use the author’s words.

The second sentence in paragraph 2 quotes Erdrich exactly:

In paragraph 1, Lyman tells the reader, "We owned it together until his boots filled with water on a windy night
and he bought out my share," a mysterious early detail in the story.

_ 5.REFERENCEYOUREVIDENCE

Whether you paraphrase or quote the author's words, you must include the exact Iocatlon where the |deas come
from, Direct quotes are written in quotation marks. How writers include the reference can vary depending on the
piece and the original text. Here the writer puts the paragraph numbers from the ariginal text in parentheses at the
end of the sentence. '
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QW TO USE MATERIALS

SRR

This unitis in the format of a Compressed File. Files are organized so you can easily browse through
the materials and find everything you need to print or e-mail for each day.

The materials are organized into three folders:

The model claims and tools are meant
only to illustrate the process, NOT to

UNITPLAN - shape textual analysis. t is essential
»  Unit Plan that both teachers and students
= Model Tools develop claims based on their own

analysis and class discussion. Teachers
are encouraged to develop their own
“claims in the blank tools to tse with
students when modeling the process.

¢ Ferming Evidence-Based Claims Handout

» Writing Evidence-Based Claims Handout '
e Evidence-Based Claims Criteria TOOLS and CHECKLISTS have been

Checldists | and i created as editable PDFE forms. With
s Evidence-Based Writing Rubric the frea version of Adobe Reader,
+ Text-Centered Discussion Checklist students and teachers are able to type

in thern and save their work for
recording and e-mailing. This allows
students and teachers to work either

with paperand pencil or electronically
| » Forming Evidence-Based Claims according to their strengths and needs.
* Making Evidence-Based Claims It also atlows teachers to collect and
+ Organizing kbvidence-Based Claims organize student work for evaluation
»  Written Evidence-Based Claim and formative assessment,

If you decide to PRINT materials, please note that you can print them at actual size, without
enabling the auto-fit function. All materials can be printed either in color orin black and white.
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