
Growing Quadratically: S-Patterns Concept Lesson    Unit 3: Grade 6 2009-2010 
 

 
ew: 

ral expression to 
expressions and 

ons between and among 
relationship of the place of the pattern in the sequence and the number 

n; and to evaluate and factor quadratic expressions. 

10.0 Students add, subtract, multiply and divide monomials and polynomials. Students solve multi-step problems, including word 

s, such as the motion of an object under the force of gravity. 
 

tandards are in italics within the algebra standards. When mathematical reasoning is expected in the 

etermine the expression for the number of tiles in any pattern in the sequence. 
in terms of the problem. 

Students will solve the problem using a variety of strategies 
Students will demonstrate the equivalence of various quadratic expressions by adding, subtracting, multiplying or dividing monomials 
and polynomials. 
Students will justify their solutions to the problem. 
 
 
 
 
 
 
 

 

Overvi

LESSON OVERVIEW 

 
In this lesson students write the general expression for a pattern that is growing quadratically. They use that gene
determine the number of tiles in any pattern in the sequence. Students then compare various equivalent quadratic 
simplify them to demonstrate that they are algebraically equivalent. This requires students to make connecti
the expressions and the picture or table representation of the 
of tiles in the patter
 
CA Standards Addressed:  
 

problems, using these techniques. 
 
14.0 Students solve a quadratic equation by factoring or completing the square. 
 
23.0 Students apply quadratic equations to physical problem

24.0-25.0 The reasoning s
lesson the text will be labeled Mathematical Reasoning within the text. 
 
 
Mathematical Goals of the Lesson:    
Students will d
Students will interpret quadratic expressions 
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Access Strategies: Throughout the document you will see icons calling out use of the access strategies for English Learners, Standard 
Students With Disabilit

English Learners, and 
ies.  

Icon 
 
Access Strategy Description 
Cooperative and Communal Learnin
Environmen

g 
ts 

Supportive learning environments that motivate s
more with learning and that promote language acq
meaningful interactions and positive learning experie
an instructional goal. Working collaboratively 
learn faster and more e

tudents to engage 
uisition through 

nces to achieve 
in small groups, students 

fficiently, have greater retention of concepts, 
and feel positive about their learning. 

Instructional Conversations Discussion-based lessons carried out with the assis
competent others who help students arrive at a de
of academic content. ICs provide opportunitie
language in interactions that promote analysis, r
thinking. These classroom interactions create o
students’

tance of more 
eper understanding 

s for students to use 
eflection, and critical 

pportunities for 
ment by making 

s’ prior knowledge, 
 conceptual and linguistic develop

connections between academic content, student
and cultural experiences 

Academic Language Development The teaching of specialized language, vocabu
structures, patterns, and features that occur with 
academic texts and discourse. ALD builds on the 
knowledge and vocabulary students bring from

lary, grammar, 
high frequency in 
conceptual 

 their home and 
oficiency is a 
pares students to 
as. 

community environments. Academic language pr
prerequisite skill that aids comprehension and pre
effectively communicate in different academic are

Advanced Graphic Organizers Visual tools and representations of information that show the structure 
of concepts and the relationships between ideas to support critical 
thinking processes. Their effective use promotes active learning that 
helps students construct knowledge, organize thinking, visualize 
abstract concepts, and gain a clearer understanding of instructional 
material. 
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Academic Language Goals of the Lesson: 
 

b
a

ns to evaluate algebraic expressions 

ing 
f rational numbers (e.g., distributive, 

gebraic terminology (e.g., variable, equation, 
term, coefficient, inequality, expression, constant) 
correctly. 

anguage: 
s 

ic expressio
Factor quadratic expressions 
 

ched); square tiles 
Four Fold Recording Sheet  

• Straight-edge 
• Pencil 
• Paper  
 
 
 
 
 
 

Assumption of Prior Knowledge: 
Students express quantitative relationships y using Quadratic

Quadratic equation algebraic terminology, expressions, and equ
Use variables and appropriate operations to 
expression and an equation. Use the correct 
operatio

tions. 
write an Pattern 
order of 
such as 

Equivalent quadrat

3(2x + 5)2. 
Simplify numerical expressions by apply
properties o
associative, 
commutative)  
Use al

Academic L

ns 

Materials: 
 

ask (atta• S-pattern t
• 

 
Connections to the LAUSD Algebra 1, Unit _____, Instructional Guide 
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Key: 
n in bold print.   

an ast
alics 

 
 

Suggested teacher questions are show
Students Questions and strategies that support ELLs are underlined identified by erisk.  work in groups as they  

problem Explore the 
Students use 

Possible student responses are shown in it
a table to present their 

work 

 
Phase 

 
SET UP PHASE:  Setting Up the Mathematical Task—Part 1 

 

 

 INTRODUCING THE TASK 
Prior to the lesson: 
• arrange the desks so that students are in 
• determine student grou

S 
E 
T 
 

U 
P 

groups 
ps prior to the lesson so t

s skills and 
 working together. 

l
t th

m. 
o ex
way 

 not 

t this 

of 4. 
hat 

students who complement each other’
knowledge core are
• place materials for the task at each grouping. 
• solve the task yourself. 
HOW DO I SET-UP THE LESSON? 
Ask students to follow along as you read the prob
have several students explain to the class wha
trying to find when solving the proble

em. Then 
ey are 

Stress to students that they will be expecte
and why they solved the problem a particul
refer to the context of the problem. 

d t
ar 

 
Clarify any confusions students may ave bu

plain how 
and to 

h t do
suggest specific values for their investigation. 
 
• Give the students individual time to think abou

question and begin a class discussion 
• *A Frayer model could be used to assist students in 

developing a clear understanding of some of the terms 
to be used in the lesson. 

• *If the students are NOT able to easily answer the first 
question then it may be appropriate (especially for EL, 
SEL and SWD) to spend time doing an additional hands 
on activity (simple linear pattern) to reinforce concept. 

task if they 
group work and 

olve the problem in 
 become familiar with 

use. This will allow you to better 
’ thinking. As you read through this 

g the problem will 

 task, listen for their understanding 
 that they indicate the 

he number of tiles 

o tell students how to solve the task or to set up 
a procedure  
for solving the task because your goal is for students to do 
the problem solving. 
 

Students will be more successful in this 
understand what is expected in terms of 
the final product. It is critical that you s
as many ways as possible so that you
strategies students may 
understand students
lesson plan, different strategies for solvin
be given. 
HOW DO I SET-UP THE LESSON? 
As students describe the
of the goals of the task. It is important
goal is to determine the expression for t
in any pattern in the sequence. Be  
careful not t

 
To assist ELLs’ participation in the class discussion*:  

• Allow time for students to first talk in small groups (pairs) and then have the groups report to the whole class.* 
• Reinforce appropriate language as students communicate their ideas (e.g. re-voice a student’s contribution in complete, grammatically correct language).  Ask students if 

you have captured what they said*
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.   
• UCreate work groups that are heterogeneous according to language proficiency* 
• UModel appropriate mathematical language, emphasizing vocabulary used in appropriate context.* 



 
Phase EXPLORE PHASE:  Supporting Students’ Exploration of the Task 

STRUCTURE 
 

E 
X 
P 
L 
O 
R 
E 
 
 
 

E 
X 
P 
L 
O 
R 
E 
 
 

E 
X 
P 
L 
O 
R 
E 
 

MEPRIVATE THINK TI  

beg
r ps 

assessing students’ understanding of the w. 

 
Give students 5 - 7 minutes of private think time 
solve the problem individually. Circulate

to 
 among the g
 idea belo

 

in to 
ou

 

FACILITATING SMALL GROUP RPOBLEM SOLVING 
• After about 15 minutes, ask students to work w

partner or in their small groups to discuss what
discovered.  

• As you circulate among the groups, press stu
come up with more than one solution and the
the expressions are equivalent. After explaini
initial solutions you might say “Now

ith their 
t 

d
n 
ng

 look at the figures 
again.” Find another way to look at how the attern 

o 
x

you might 
r wa  to look 
o th next. 

e solution in the group pres student 
to show that the expressions are equivalent algebraically by 
using their prior knowledge of various properties such 

, and rule

?

hey 

ents to 
show that 
 their 

p
is growing from one figure to the next. 

 
 
As you circulate among the groups, press students t
with more than one solution and then show that the e

come up 
ressions p

are equivalent. After explaining their initial solutions 
say Now look at the figures again. Find anothe
at how the pattern is growing from one figure t
 
After there is more than on

y
e 

s 

as the 
distributive property, properties of exponents s for 
adding and subtracting like terms. 
 
 
 
What do I do if students have difficulty getting started  
Allow students to work in their groups to solve the problem. 
Assist students/groups who are struggling to get started by 
prompting with questions such as:  
 What do you notice about the figures in the pattern? 
 How many tiles are in the first figure? The second figure? 

the fifth figure? 

PRIVATE THINK TIME 
 byMake sure that students’ thinking is not interrupted  talking of other students. 

begin talking, tell them that they will have time to share their 
 thoughts in a few minutes. 
 If students 

 
FACILITATING SMALL GROUP RPOBLEM SOLVING 

ole when students are working in small groupThe teacher’s r
and listen with

s is to circulate  
nd asking questions  

ematical ideas  
xploration strategies,

ir thinking and reasoning.   
ir own words, what othe

    students have said. 
ts to use appropriate mathematical languag

 the goal of understanding students’ ideas a
that will advance student work. 
 
• Be persistent in asking questions related to the mat
 (see question suggestions in the following section), e

h

  connections between representations. 
• e peB rsistent in asking students to explain the
• Be persistent in asking students to explain, in the

• Be persistent in asking studen e
 
 

ficulty getting started?What do I do if students have dif  
By asking a question such as “What do you notice about the figures pattern?”  
the teacher is providing students with a question that can be used over and  
over when problem solving. This will help them focus on what they know, what  
they were given, and what they need to determine. 
 
 
 
 
 
 
 
 
What misconceptions might students have? 
Misconceptions are common. Students may have learned the information  
incorrectly or they may generalize ideas prematurely. Some strategies for  
helping students discover when they have made an error 
include: 
- Ask students to extend a pattern and compare it to what they predicted pattern sh
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 How are the figures changing from one to the 
 Give students square tiles and ask them to constr

2nd, and 3rd figures. Then ask: How did you kno

ne
uc

w h

th figure? 

xt? 
t the 1 , st

w to o
construct the figures? 

How would you construct the 4
 
What misconceptions might students have? 
Look for and clarify any misconceptions students may ave. 

ng it’s
 tiles are in the third figu

fourth figure? Does this match your pattern? 

d by students?

h
 
a. looking only at the first two figures a
growth pattern. How many

nd assumi  a linear 
re? The 

 
 
Which problem-solving strategies might be use  

w do I advance students’ understanding of mathematical Ho
concepts or strategies when they are working with each 
strategy? 
 
Students will approach the problem using a variety of strategies. 
Some strategies are shown below. Questions for assessing 

g and advancing student learning are listed for 

ng the drawing

understandin
each. 
 
Usi  

 square plus 

How do the dimensions of the square compare with the 
figure number? What would the dimensions for the 100th 

square be? How would you draw the nth figure? How would 
you write an expression for the nth figure? 
 
 
 
 
 
 
 
 
 
 
 
 

d by students?

 
A. moving a row and making it a column to form a
one tile 
 

Which problem-solving strategies might be use  
thematical concepts or How do I advance students’ understanding of ma  

ng with each strategy?strategies when they are worki  
 
 
 
 
 

wing
 
Using the dra  

Figure 5 Move the bottom row and make it a column resulting 
in a 5 by 5 square plus one tile 

 
A. T = (N • N) + 1 OR N2 + 1 
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al tiles at 
site 

re with the 
the 100th 

? How 
ression for the dimensions of the nth 

figure? 

Press students to use the properties and rules they have learned 

 
Ask them to connect the expression N2 + 1 to the diagram. 
 
 
 
 

----- 
tiles 1 larger 

w below the 

with the 
at would the dimensions for th
ould the rows for the 100th figur

o d you 
th fig

OIL” method to arrive at N2 – - N + 1 
i

2 OIL 
method work? How does it connect to the distributive 
property? How did you know which terms 
to combine with each other? 
 
Ask them to connect the expression N2 + 1 to the diagram. 
 

-------------------------------------------------------------- 
B.. -seeing each figure as a rectangle with 2 addition

oopp
corners 
How do the dimensions of the rectangle compa
figure number? What would the dimensions for 
rectangle be? How would you draw the nth figure
would you write an exp
rectangle? The nth 
 
Simplify your expression. 

dealing with monomials and polynomials. 

 
 
 
--------------------------------------------------------------------
C. - seeing each figure as a square with a row of 
than the 
side of a square above the square and another ro
square 
How do the dimensions of the square compare 
figure number? Wh
square be? What w

e 100th 

e look 
like? How would you draw the nth figure? How w
write an expression for the nth square? The n
 
Simplify your expression. 
 

ul
ure? 

Students may use the “F N 
+ 2N and then rules for combining like terms to s
expression to N + 1. You might ask Why does the F

mplify the 

 
 

 
------------------------------------------------------------- 
D. T = N(N+1) – (N-1). 
 

es removed 
 
X 
X 
X 
X 
 
Figure N an N by (N+1) rectangle with N-1 tiles removed 

Figure 5   a 5 by 6 rectangle with 4 til
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--------------------------------------------------------------------------------------

its row and 
must be 

d 

are with the 
the 100th 

w 
ression for the dimensions of the nth 

figure? 

 they have learned 

e at  
ain to arrive 

at N + N – N + 1.They should then use rules for combining like 
ight ask How 

does the distributive property work? 

2 + 1 to the diagram. 

------------- 

- 
D. –moving the corner square tile to the beginning of 
then seeing the figure as a rectangle from which tiles 
subtracte
 
How do the dimensions of the rectangle comp
figure number? What would the dimensions for 
rectangle be? How would you draw the nth figure
would you write an exp

? Ho

rectangle? The nth 
 
Simplify your expression. 
 
Press students to use the properties and rules
dealing with monomials and polynomials. 
 
Students should use the distributive property to arriv
N2 + N – (N – 1) and then the distributive property ag

2 

terms to simplify the expression to N2 + 1. You m

 
m to connect the expression NAsk the

 
 
--------------------------------------------------------------
Using a table 
 
- student constructs a table by counting the tiles 
What pattern do you notice in the number of tile
students have previous experience with linear growth
they may attempt to find a linear relationship. You 

s? If 
 patterns, 

could ask 
them How is the number of tiles changing in the table? 

gram. You 
might ask So how can you see this pattern in the figures? 
 

 
Press students to make the connection to a quadratic pattern. 
Then press them to connect the expression to the dia

 
 
 
 
 
 
 
 

 

MONITORING STUDENTS’ RESPONSES 
As you circulate, attend to students’ mathematical thinking and to their conjectures, in order to identify those responses that will 
be shared during the Share, Discuss, and Analyze Phases. 
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r sharing student work, Key Questions to achieve the goals 
of the lesson, and possible Student Responses that demonstrate understanding. 

rpose of t ke explicit the c e explora o
 

ase Work and 
mati

ponses and Comments   

 
Orchestrating the mathematical discussion:  a possible Sequence fo

 
Revisiting the Mathematical Goals of the Lesson: 
 
The pu his sharing/discussion is to ma onclusions th ti n. 

Ph Sequencing of Student  Ration
MathePossible Questions 

ale and  Student Res
cal Ideas 

S 
H 
A 
R 
E  
 

D 
I 
S 
C 
U 
S 
S 
 

A 
N 
A 
L 
Y 
Z 
E 
 
 
 
 
 

 

FACILITATING THE GROUP DISCUSSION 
 
What order will I have students post solutio
will be able to help students make connections
the solution paths? 
As you circulate among the groups, look for so
that will be shared with the whole group and c
orde

n p

tions 
o

r in which they will be shared. Ask student
u
 in terms of 

The work of at least two groups should be chosen. Look 
s to develop 
rence” 

e Explore 

nts to post them 
then have the class look at 

on, and ask 
ing groups how 

they think the problem has been solved. The goal is to 
discuss mathematical ideas associated with the 
quadratic expressions and their equivalence. 
 
If it is not possible to display the work to the whole 
class, have groups present and explain their own 

o
di

al id
associated with 
expressions and

. 

Students should
make connectio
different solutio

UP DISCUSSION

aths so I 
etween 

All students sh
rich understan
mathematic

 b

lu
nsider the 
s to 
nd. Make 

equivalence
 
 
 

explain their solutions to you as you walk aro
certain they can make sense of their solutions
the diagram.  
 

for a variety of strategies used by the student
and write their rules, such as “Newton’s diffe
approach, and the once shown above in th
phase. 
 
If the work can be displayed, ask stude
in the front of the classroom, 
the students’ work, without any explanati
students other than those in the contribut

uld develop a 
ng of the 

FACILITATING THE GRO

eas 
the quadratic 
 their 

 be able to 
ns between 
n paths. 

 

What order will I have students post solution paths 
tudents make 

he solution paths? 

display all solution paths, 
 pick specific solution 

hole group. For this 
m it could be best to have the 

ed first so that all other 
plified to that. If no one 

ution you could say This 
 with. Then 

ution’s connection to the 
sion equivalent to 

forms of expressions and 
xibly among them means 
able to write a 

polynomial in factored form. That is, a student 
should understand that x2 + 7x + 10 = (x + 2)(x + 
5). Further, students should recognize that both 
expressions represent a quadratic function that 
crosses the x-intercept at (2, 0) and (-5, 0). This 
should become evident once they begin to graph 
them. 

 

so I will be able to help s
connections between t
 
Even though you may 
you should strategically
paths to discuss with the w
particular proble
solution N2 + 1 shar
expressions can be sim
has come up with that sol
is the solution I came up
demonstrate the sol
diagram. Is my expres
yours? Show me. 

 Recognizing equivalent
being able to convert fle
that a student should be 

Sharing, Discussing, and Analyzing  

Students discuss what they 
om the exploration  

 their thinking 
learned fr
 and share
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S 
H 
A 
R 
E  
 

D 
I 
S 
C 
U 
S 
S 
 

A 
N 
A 
L 
Y 
Z 

       E 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ussion that 
t and the goal of the 

stions *)  

N2 + 1, ask 
n how their 

. You might ask What 
look like in the diagram? Where do 

e come up with a different solution 

T= (N + 1)(N - 1) + 2 solution 
s to present their solution and explain how it 

? Show us. 
ess on the same questions noted 

above for this solution. 

ain how it 

 1? Show us. 
to press on the same questions noted 

is solution.  

resent their solution and explain how it 
connects to the diagram. 

2 + 1? Show us. 
Make certain to press on the same questions noted 
above for this solution. 
 
 
Table Solution 
Ask students to demonstrate how they arrived at the 

 hroughout the 
udents keep the context 
m in mind? Driving 

ave been provided because 
ulate student interest, 

discussion on the 
cus the discussion on key 
ny of the questions 

require students to take a position or to wonder 
about mathematical ideas or problem solving 
strategies. 

 
What question can I ask throughout the disc
will help students keep the contex
problem in mind? (Driving Que
 
N2 + 1 solution 
If students have come up with the solution, 
them to present their solution and explai

nects to the diagramsolution con
does the N2 

you see the “1”? 
 
Ask students who hav
to present their solutions: 
 

Ask student
connects to the diagram. 
 
Driving Question 
* How is your solution equivalent to N2 + 1
Make certain to pr

T = (N-1)(N-1) + 2N solution 
Ask students to present their solution and expl
connects to the diagram. 
 
Driving Question 
* How is your solution equivalent to N2 +
Make certain 
above for th
 
T = N(N+1) – (N-1) solution 
Ask students to p

 
Driving Question 
* How is your solution equivalent to N

What question can I ask t
discussion that will help st
and the goal of the proble
questions (*) 
Driving Questions h
they will help to stim
maintain the focus of the 
problem context, and fo
mathematical ideas. Ma

 
Accountable Talk 
Pointing to the Diagram 
Asking student to point to the diagram and mark 

 of seeing the relationship as they 

g Ideas 
 explanations given by 

their peers into their own words. This is a means 
g understanding and providing others 

d opportunity to hear the 

n 
Press students to take a position and to support 

claims with evidence from the diagrams. 
ey believe their 
pattern. In doing so they 
ns for their claims. 

Mathematical Reasoning:

their method
explain their solutions 
 
Repeating or Paraphrasin
Ask other students to put

of assessin
in the class with a secon
explanation. 
 
Position-Driven Discussio

their 
Students must say why th
expression describes the 
will have to provide reaso
 

 
 

tive property they should 

 in the first set of parenthesis must 
be distributed across the expression in the second 
set of parenthesis. 
 
The distributive property - Students should explain 
that the term “outside”of the parenthesis must be 
distributed or multiplied times each term “inside” 

Connecting to the distribu
be able to indicate that 
the expression
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S 
H 
A 
R 
E  
 

D 
I 
S 
C 
U 
S 
S 
 

A 
N 
A 
L 
Y 
Z 

       E 

w 
m. 

table and explain ho
it connects to the diagra
 
HOMEWORK 
You could give the Extend Pattern of Tiles problem as a 
homework assignment. 
 

the parenthesis. 

tudents should explain 
e same can be added or 

, N2 does not mean the 
same thing as N and therefore the two cannot be 
combined. 

 
Combining like terms – S
that only terms that are th
subtracted . For example

 
HOMEWORK 
In addition, students could work on problems like 
the one below to make 
connections to real life applications of factoring 

idth of a rectangular 
e, to the nearest foot. Suppose 
carpet to fit in the room with a 

x feet wide on all four sides. Find a model 

the area of the rug. Write it as a quadratic 
trinomial. Use the model 
to find the cost of the carpet if x = 3 and carpet 
costs $7.50 a square foot. 

polynomials. 
 
Measure the length and w
room in your hom
you want to buy a 
space 
for 

 


