
Tying the Knot Concept Lesson    Unit 2: Algebra 1 
2009-2010 

d rope after each new 
 a line of best fit 

through their data points and determine the slope and y-intercept of this line, and interpret the physical meaning of this slope and y-

6.0 Students graph a linear equation and compute the x- and y-intercepts (e.g., graph 2x + 6y = 4). They are also able to sketch the 

tions by using the 

Mathematical Goals of the Lesson: Develop and analyze a linear function to approximate and describe the real-world relationship 
between the length of a rope and the number of knots tied in the rope.    
 

 
 
 

Overview: Students work in small groups tying knots in a length of rope. They measure the length of the knotte
knot and represent this information in a table, a graph, a written description, and an algebraic formula. They draw

LESSON OVERVIEW 

intercept. 
 
CA Standards Addressed:  
 

region defined by linear inequality (e.g., they sketch the region defined by 2x + 6y < 4).  
 
7.0 Students verify that a point lies on a line, given an equation of the line. Students are able to derive linear equa
point-slope formula.  
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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: 
 

dge: 
nate plane 

 
ope 
ntercept 

x-intercept 
linear 
table 

algebraic formula  

Materials: 

resentation Sheet 
ymbolic) 

small group (about 
ere should be 

ropes of at least two different thicknesses. 
Tape measures 
 
 
 

Assumption of Prior Knowle
Graph points on a coordi

Academic Language: 
Sl
y-i

graph 

Concept Task 
Four Corners Rep
(Table, Graph, Verbal, S
Rope: 1 piece for each 
3 to 4 feet in length). Th

 
Connect ns to the LAUSD Algebra 1, Unit 2, Instructional Guide 

 
 
 
 
 
 
 
 
 
 
 
 
 

io

 
Understand, Analyze, and Graph 

Linear Equations 
 

7.0, 8.0 6.0, 

• valE uate the slope o
• Use rate of chang

f a 
e to solv

• Write and graph differe

line 
e 

nt forms of 

stics of parallel 
cular lines 

Derive the equation of a line: 
• Given the slope and a point on a line 
• Given 2 points on the line 
• Parallel or perpendicular to a given 

line through a given point 

problems 

linear functions 
• Identify characteri

and perpendi
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Key: 

n aste
alics 

 
 

Suggested teacher questions are shown in bold print.   
rt ELLs are underlined identified by aQuestions and strategies that suppo

Possible student responses are shown in it
risk*.  Students work in groups as they  

investigate 
Students create and compare graph 
that model the problem 

 
e 

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

 

 

 INTRODUCING THE TASK 
 S 
The students should be working in small groups of three for this activity. (One student to tie the knots, one to measure the 

ragraph. Invite other 
tudent restate the 

t to investigate. 

Continue in this manner, reading paragraphs a) and b), making sure that the whole class is clear about how they are to 
l measure the rope, and the other will 

m begin. 

Note: For the Share, Discuss, and A alyz  To that end 
you could either: have students grap axes) – if access to an 

copy their graph onto a single large 

resulting length of the rope, and a third to record the data in a table) 
 
After placing the materials at each table and grouping the students, have a student read the first pa
students to tell you what they feel is important information contained in the paragraph. Have another s
paragraph in their own words to ensure that the whole class is clear about the relationship they are abou
 

initially undertake this task. Tell the groups that one student will tie the knots, one wil
record the data in the table. Have them decide who will take on each of these tasks and then have the
 
Clarify any confusions students may have but do not suggest specific values for their investigation. 
 

E 
T 
 

U 
P 

n e phase, it will be helpful to compare graphs from different groups.
h their results on a transparency (Using the same scale and 

a representative from each selected group 
“class graph” at the front of the room. 
overhead projector is available, OR have 

 

To assist ELLs’ participation in the class discussion*:  
• Allow time for students to first talk in small groups (pairs) and then have the groups r

 
eport 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*.   

• Create work groups that are heterogeneous according to language proficiency* 
• Model appropriate mathematical language, emphasizing vocabulary used in appropriate context.* 
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Stu
represe

dents create multiple 
ntations of a function  

Phase EXPLORE PHASE:  Supporting Students’ Exploration of the Task 
STRUCTURE 

 
soning  Students explain their rea

 

E SMALL GROUP WORK (Gathering Data – parts (a) and (b)) 
e measurements of the rope as they tie an increasingStudents work in their small groups to mak  number of knots in it.  

uestions related to the mathematical ideas, exploration strategies, and connections 
As students are working, circulate around the room. 

o Be persistent in asking q

X 
P 
L 

between representations. O 
o Be persistent in asking students to explain their thinking and reasoning.   R 
o Be persistent in asking students to explain, in thei  own words,r  what other students have said. 

 appropriate mathematical language. 
 

E 
o Be persistent in asking students to use 

E What do I do if students have difficulty getting started? 
 X 

P Ask questions to the group such as; “What happens to the rope when you tie a knot in it?”, and “What things are changing 
e staying the same?”, and “How could you represent this information in a table?” L and which arO  

 

What do I do if students finish early? 
 

R 
E 
 

If students have completed making measurements then have them move to graphing their data and developing a written 
description and an algebraic formula to represent the data. 

E 
X 

 
SMALL GROUP WORK (Analyzing Data – parts (b) and (c) and additional questions)

P 
L  

p to fill out 
sheet (Table, Graph, Verbal, and Symbolic). 

class understands they are to graph the data points and then draw the line 

 connections 

 
What do I do if students have difficulty getting started?

 
Once students have made their measurements and entered these into table, the next task is to get each grou

O 
R 

the rest of the four corners representation E 
 
Have a student read part (c) and make sure the 

 
E 

of best fit. X 
As students are working, circulate around the room. P 

o Be persistent in asking questions related to the mathematic l ia deas, exploration strategies, and

inking and reasoning.   
o Be persistent in asking students to explain, in their own words, what other students have said. 
o Be persistent in asking students to use appropriate mathematical language. 

L 
between representations. 

o Be persistent in asking students to explain their th
O 
R 
E 
 

E 
X  

 
Ask questions such as “How long is the rope after you tied two knots in it? Where would you find that point on the graph?”, 
and “Can you show me where you could draw a line that would go through or very near most of your points?” 
 

P 
L 
O 
R 
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E 
 

E 
X 
P 
L 
O 
R 
E 
 

E 
X 
P 
L 
O 
R 
E 
 

 
rstandingCritical Unde  

So you should be 
 in the rope, it got 

shorter by about 8cm”. If students’ descriptions are not as developed then ask advancing questions such as: 

 after you’ve tied lots of knots in it?” 

k them to analyze their line of best fit and find an equation that describes 
ch questions as: 

your rope?” 
your rope?” 

e length of your rope?” 
relationship?” 

 as: 
“How does your verbal description relate to your algebraic equation?” 
“Show me where the length of the rope with no knots in it is represented in yo
“Show me where the amount that the rope gets shorter each time you tie a kn  equation.” 
 
 

 
The verbal description of this function is a precursor to being able to write the function symbolically. 
looking for descriptions such as, “The rope was initially 105cm long and then for each knot we tied

 
“What happens to the rope when you tie a knot in it?” 
“What do you notice about the rope
“Do you notice any patterns in your table?” 
“How long was the rope to begin with?” 
 
Once the students have a written description as
it. If students are having difficulty doing this ask su
 
“When there are zero knots, what is the length of 
“When there is one knot, what is the length of 

is th“When there are two knots, what 
“What quantities are changing in the 
“Could you use variables to represent these quantities?” 
“What does your verbal description say?” 
 
As students are developing their algebraic equation, continue to circulate, and ask questions such

ur equation.” 
ot is represented in your

Through teacher questioning, 
students are encouraged to make 
the connection between a 
written/verbal description of their 
function and the equivalent 
algebraic equation 
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Phase 

 
EXPLORE PHASE:  Supporting Students’ Exploration of the Task 

STRUCTURE (continued) 
 

E 
X 
P 
L 
O 
R 
E 
 
 
 

E 
X 
P 
L 
O 
R 
E 
 
 

E 
X 
P 
L 
O 
R 
E 
 

Additional Questions 

 best fit)? 

• Interpret the meaning of the slope and y-intercept with regard to the rope and the knots. 

h case this may be 
ely describes 

sensical depending on 
10 knots in 

ever, further 
ditionally by the 

 length decreases by 5cm, if each knot is 2cm long then the 
o tie a new knot has decreased by 7cm. (Questions to ask to stimulate students’ 

 tied in a rope next 

 
• What are the slope and y-intercept of this line (of
 

 
• Predict the length of a rope with 10 knots 
 
(Note: it is possible that the rope will not be able to have 10 knots tied in it – it may be too short, in whic
the perfect opportunity to discuss that we are dealing here with a mathematical model which approximat
reality. So even though it is possible to put the number 10 into an equation, the o
the circumstances. A good question to ask should this arise is, “Why can I put 10
your rope?”) 

 utput may be non
 into your equation but not tie 

 
• (Extension) What is the maximum number of knots that you can tie with your piece of rope? 
 
Students may assume that this question is answered by finding the x-intercept of the line of best fit. How
experimentation should reveal that the amount of rope available to tie a new knot not only decreases ad
length of the knot. Hence if each time you tie a knot the rope
amount of rope available in which t
thinking about this would be, “Once I’ve tied a knot, where can I tie a new knot?” AND “If I have 5 knots
to each other, how much rope do I have left in which to tie new knots?”) 
 
MONITORING STUDENTS’ RESPONSES 
• As you circulate, attend to students’ mathematical thinking and to their conjectures, in order to identify 

that will be shared during the Share, Discuss, and Analyze Phases. 
 

those responses 

If the ropes used by the class are of a variety of thicknesses (at least two) then their graphs will have different slopes, and 
if the ropes were of different lengths to begin with, then they will have different y-intercepts. As you circulate, look for a few 
groups whose work would collectively express these differences. Chose these groups’ work as the basis for the Share, 
Discuss, and Analyze phase. 
 

Use re-voici
devel

ng and questioning to 
op terms in context 

 



 
Phase  
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Possible Solutions Possible Questions Misconceptions/
Errors 

Questions to Address 
Misconceptions/Errors 

 
 

E 
X 
P 
L 
O 
R 
E 
 

E 
X 
P 
L 
O 
R 
E 
 

A possible solution for the table could be: 

 
A possible solution for the graph could be: 

 
 

Ask questions such a

“How does your verbal description 
relate to your algebraic 

where the length of the 
n it is 
e

the rope gets shorter 
pre

 

Explain in your own w
_______(another stud

 

 

wit
the
 
 
 
 
 
 
Th

e  time to 
dis

e
be 
tr

thus the line of 
best fit (drawn by 

y not go 
through all of the 

 
 
 
 
 
 
 
 
 
 
 
 

Show me how did you 
get the data for your 

e? 

t did you measure 
to get the length of the 
rope after tying 1 knot? 

Are the changes in the 
length of your rope the 

hen you tied 
each knot? 

hy do you think these 
might be different? 
 
Did you round your 
measurements up or 
down? 
 
 
 
 
 
 
 
 
 
 
 
 
 

s:  

 

equation?” 
 
“Show me 
rope with no knots i
represented in your 
 
“Show me 

quation.” 

where the amount that 
each time 
sented in 

ords what  
ent) said.* 

n

g

s

you tie a knot is re
your equation.” 

Students may well 
have problems 

 

h measuring 
 rope.  

tabl
 
Wha

ey will also 

 
 
 

ed
cuss that the 

points they 
same w

nerate may not 
exactly in a 
aight line, and 

 
W

eye) ma

points. 



A possible solution for the verbal de
coul

scription 
d be: 
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A possible solution for the algebraic formula 
could be: 
 

 
 
 

x
iff

de

 long was your rope 
to start with? 

t happened when 
you tied one knot? Two 

s? 

Do you see any patterns 
ur data? 

How could you describe 
the patterns you see?  

 

e
d

Students may well 
erience 

 
How

p
iculty writing a 
scription of the 

function.  

 
Wha

knot
 

in yo
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tions to achieve the goals 
nderstanding. 

rp scussion i licit the conclusio

 
Orchestrating the mathematical discussion:  a possible Sequence for sharing student work, Key Ques
of the lesson, and possible Student Responses that demonstrate u
 
Revisiting the Mathematical Goals of the Lesson: 
 
The pu
 

ose of this sharing/di s to make exp ns the exploration. 

Phase Sequencing of Student 
Work 

Rationale and  
Mathematical Ideas 

Possible Questions and Student Responses 

S 
H 
A 
R 
E  
 

D 
I 
S 
C 
U 
S 
S 
 

A 
N 
A 
L 
Y 
Z 
E 

Order of group 

rou

e
t simil
 stude

 obs
e 

 that have 

slopes. Allow students a 
few minutes to observe 
the graphs before 
asking questions. 

k fr
h

eng
 s
 t

ffect o
els 

 equati
e relation

between original rope
and y-intercept, and r
thickness and slope. 

length of the rope?” 
e length of the rope gets 

ween the graphs?” 
the same downwards slope” 

tercept” 
ou observe between the graphs?” 

ercepts” 
e than the other” 

e graph tell us?” 
th” 

 tell us? 

pts?” 
gths to begin with” 

pes?” 
e uses more length to tie a knot” 

“Where else (i.e., where in the other representations) do you 
see these differences?” 
“In the equation I can also see the different coefficients 
representing the different slopes, and the different constants 
representing the different y-intercepts”  

presentations: 
 
A) Display two g
work that have 
significantly differ
intercepts bu
slopes. Allow

ps’ 

nt y-
ar 
nts a 
erve 

Observing the wor
different groups who 
ropes of different l
thickness allows the
see how changes in
world have an e
mathematical mod
graphs and the
reinforces thfew minutes to

the graphs befor
asking questions. 
 
B) Next display two 
groups’ work
significantly different 

om 
ave used 

 
“What do these graphs tell us about the relationship 

ths and between the number of knots and the 
ases thtudents to “As the number of knots incre

he real- shorter” 
n the “What similarities do you observe bet
(i.e., the 

B: “They both have the saons) and me y-in
o yship “What differences d

 length A: “They have different y-int
er slopope B: “One has a steep

A: “They both have 

“What does the y-intercept of th
“How long the rope was to begin wi
“What does the slope of the graph
“How much rope it takes to tie a knot” 
“Why do the graphs have different y-interce
“Because the ropes are different len
“Why do the graphs have different slo
“Because the thicker rop

Students discuss their conclusions 
and share their thinking 

 

 

Sharing, Discussing, and Analyzing  


