Titlee How Many Jelly BeansFit Inside?
Brief Overview:

Students will discover that, even with the same perimeter, arectangle, asquare, a
circle, and atriangle will have different areas. They will discover the attributes of
a shape that maximizes or minimizesthe area. The student will find the area of
rectangles, graph data, find the area of a circle, and use the Pythagorean Theorem
to find the area of atriangle.

Maryland Content Standards:

1.8.1a Recognize, describe, and extend patterns and functional relationships.

1.8.1c  Determine whether functions are discrete or continuous.

1.8.1d  Determine whether functions are linear or nonlinear when given graphic
examples.

3.8.3a Edtimate and determine the circumference and area of circles.

3.8.3b  Estimate and determine the area of figures by measuring, partitioning,
and using formulas

3.8.3d Determine relationships between length, area, and volume and describe
how a change in one measure affects the others.

Grade/Levd:
Grades7 - 9.
Duration/L ength:

4-5 days of a 45 minute class period, including either homework or extension time
in class and an assessment.

Student Outcomes:
Students will:

e Explain how achangein the length of arectangle will affect the area of the
rectangle and graph the relationship.
Calculate the area of acircle given the circumference.

e Subdivide atriangle into two triangles, apply the Pythagorean Theorem in order
to find missing side lengths, and calcul ate the area of the triangle.

e Students will use necessary materials(string, graph paper) and math tools
(calculators, rulers, etc) to decide which shape yields the highest area, given the
same perimeter.



Materials and Resour ces:

String or chenille stemsin lengths of 36 cm
Tape to secure the string to the desks
Rulers

“post-it” notes

Jelly beans

Development/Procedur es:
Lesson 1 Making Rectangles with a Perimeter of 36

Preassessment and Launch—
How many different polygons can you make with a 36
centimeter string? (unlimited number). Hand out ajelly
bean to each student. If thiswere a container for jelly
beans, how could you get the most jelly beans contained
within the string? Make that shape. Teacher should
provide a place for students to sketch and display their
estimations.

Teacher Facilitation —
Students should now make only rectangles with their string.
As students make rectangles, they should sketch the
rectangles on the centimeter grid paper and record their
dimensionsin thetable, It'sa String Thing!.

Student Application —
As students work, ask them to stop and observe their data.
|s there anything interesting in the numbers?

Embedded Assessment —
Check that students continue the table to the end of the
paper and include all rectangles. Use the answer key to
check all values.

Reteaching/Extension —
» Check student tables and guide them to see a pattern.
» Ask studentswhat if one of your sides measures 2.4 cm?
What would the others be? What would the area be?
Lesson 2 Graphing our Rectangle Data

Preassessment —



Review the questions following the tables on observing It's
aString Thing! In addition, ask the students how does the
length change? How does the width change? How does
the perimeter change? The area? Find anumerical pattern
that describes how the area changes. (Each step goes up by
odd numbers.)

Launch —
Use the data from the table. On the board, draw two axes
of agraph. The x-axisisthe length and the y-axisisthe
width of the rectangles from Lesson 1. (Intervalsof 1,
from 0 to 18). Have student volunteers come up and plot
each point on the graph. Ask the students what does the
graph look like? What shapeisit? Isthereapoint called
(18,0) on the graph? What about (0, 18)? Or (0,0)? Is
thereapoint called (-1, 19)? Why not? Thisisalinear
function. Students identify the independent and dependent
variables.

Teacher Facilitation —
As volunteers come up and plot points on the graph,
students graph the information on the activity pagethat is
entitled Picture It!  The length should be plotted on the x-
axis and the area should be plotted on the y axis.

Student Application
After plotting the points from the table, students examine
the graph to find the dimensions of the rectangle that gives
the maximum area.

Embedded Assessment
Teacher observes students as they construct their graphs
and asks questions that |ead students to determine the
relationship between the data and the graph.

Reteaching/Extension
What would the maximum point of the graph of a40 cm
perimeter square be? (10cm,100 sq cm) A 4 cm square?
(1em, 1 sgcm) A 100 cm sguare? (25cm, 625 sg cm)

Ask the students is this a discrete or continuous function?
A discrete function has value only at the point graphed.
Are there points between the ones we plotted? (Yes).
Although the function looks discrete, it is a continuous.
Have students draw the curve that connects all of the
points. Estimate three other coordinates of length and area.



Lesson 2

(TI 73 Calculator Extension Option)
Graphing our Rectangle Data

Preassessment —
Review questions following the tables. How does the
length change? How does the width change? How does
the perimeter change? The area? Find anumerical pattern
that describes how the area changes. (Each step goes up by
odd numbers.)

Launch —
Use the datafrom the table. On the board, draw two axes
of agraph. The x axisisthe length and they axisisthe
width of the rectangles from Lesson 1. (Intervalsof 1,
from 0 to 18). Have student volunteers come up and plot
each point on the graph. What does the graph look like?
What shapeisit? Isthereapoint called (18,0) on the
graph? What about (0, 18)? Or (0,0)? Isthere a point
caled (-1, 19)? Why not? Thisisalinear function.

Teacher Facilitation —
Use the T1-73 to plot the relationship between the length
and the area.
PressLIST. Enter the lengthsfrom tablein L1. Enter the
areasinto L2.
2P QuIT
2"° PLOT, ENTER
Select ON and ENTER.
Select the Scatter/Line graph (first graph option). ENTER
XList: L1 YListL2 Mark (any)
WINDOW
Ask students what the range of the lengthsis (1 —17).
Ask students what the range of the areasis (17 — 81).
These are suggested ranges of the graph.
Xmin: 0
Xmax: 20
cX: (leave asit stands)
Xscl: 2
Ymin: 0
Y max: 100
Yscl: 10
GRAPH

Student Application —
Students should compare their estimates of what the graph
was going to look like and what it actually came out to be.



Use the TRACE key to find the maximum point on the
graph. What are the coordinates of that point? What does
that mean? (Thisis the point where the length creates the
maximum area.) What is significant about the the length of
9? What is the width when the length is 9? (They are both
9, so therectangleisasquare). Questions are included in
the worksheet entitled Picture It!

Embedded Assessment
Do students understand that the point (9,81) represents a
length of 9 and an areaof 81? Can they name the width of
that rectangle? Do students recognize that asquareisa
rectangle? Can they explain why? Can they explain where
the 9 came from in thefirst place? (36 cm divided by 4
sides.)

Reteaching/Extension
What would the maximum point of the graph of a40 cm
perimeter square be? (100 sqcm) A 4 cm square? (1 sq
cm) A 100 cm sguare? (625 sg cm)

Isthis adiscrete or continuous function? A discrete
function has value only at the point graphed, and not in
between. Are there points between the ones we plotted?
(Yes, arectangle can have alength of 4.8 cm, which means
awidth of 13.2 cm, and an area of 63.36 sq cm.). Although
the function looks discrete, it is a continuous function.
Have students draw in the curve that connects the origin
and all of the points of the curve.

Sketching the Curveon the T1-73
2NP STAT arrow to the CALC menu. Choose QUAD
REG. ENTER.
ENTER. Displays:
Y =ax?+bx +c

a=-1

b=18

c=0
Press Y=
-x% + 18X
GRAPH

Arrow down to change from the first graph to the linear
function. TRACE to find decimal values of length and
area.



Lesson 3 Circle Round 36

Preassessment — Ask the students the following questions:
What do you know about the circumference of acircle? Do
you know an equation? What if you knew the
circumference of the circle, what information can you get
fromit? (radius) What does Tt mean?

Launch —
Have the students use their 36 cm of string to create acircle
on their desk. Use aruler to estimate the diameter and
compare their measurement with aneighbor. Why are the
answers different? What would be your radius?

Teacher Facilitation — Facilitate a discussion with the students
using the following questions:
Do you have enough information to calculate the area?
What isthe formula? (A=nr?) Where can you get the
radius from a perimeter of 36? (C=2nr). Students should
make an estimate of the circle' s area before cal culating.

Student Application —
As agroup, students should complete the review activity
entitled Circle Round for practice manipulating equations
about circles. Thefinal gquestion guides students to
calculate the area of acircle with a perimeter of 36.

Embedded Assessment —
Circulate, looking for problems manipulating formulas.
AsK students to evaluate the area of the circle from
number16 and 17 (our 36 cm problem). Ask them
guestions, such as: Isit reasonable? |sthere anything
unusual about it? (It's quite large compared to the
rectangle.)

Reteaching/Extension
Compare the area of the circle with circumference of 36 to
the area of the square with perimeter of 36. Isit smaller or
larger?



Lesson 4

Triangle Trial

Preassessment —
Display a square of any dimension. What isitsarea? Draw
adiagonal. What isthe area of each triangle created?
What information do you need to find the area of a
triangle? (base and height)

Launch —
Use the 36 cm of string. Tape one vertex to the desk. or,
use a push pin to anchor one point of the string to a soft
surface. Thiswill be astable vertex. Studentswill use
their fingersto form avariety of triangles with the string.
They will practice classifying by angle (acute, right,
obtuse) and by side (equilateral, scalene, isosceles).

Teacher Facilitation —
Ask students to create an equilateral triangle. Sketch. How

long iseach side? (12 cm) Ask students to calculate the
area. Why isthere not enough information yet? Bisect the
triangle.

Students should recognize that there are two triangles.

h 12

6
The height of the triangle can be found, but it is missing.
Model the Pythagorean Theorem to solve this problem.
h* +6° =12° h=(144-36) h=(108) h=10.39

Student Application —
Asagroup, ask students to describe how the Pythagorean
Theorem was used to calcul ate the height of the triangle.

Embedded Assessment —
Asks students to make two other isosceles triangles using
the 36 cm string. Sketch each one, label their dimensions,
calculate the height, and then the area. Use the worksheet
Triangle Tria! Student will practice finding the area of a
triangle when only its perimeter is known



Reteaching
Each student is given a*“ post-it” that isin the shape of a
square.
Students measure the length and width of the “post-it”.
Teacher asks students to determine the area of the “ post-it”.
Teacher then asks studentsto cut it along one of its
diagonals so as to form two triangles. Students should
realize that the area of each triangleis half the area of the
square that each triangleis anisoscelestriangle. Students
verify the area of the triangle by taking measurements the
height and the base of the triangle and calculating the area.



Summative Assessment:

The final assessment of this unit requires students to determine which shape will allow
them to gather the most jelly beans within the boundaries of a48 cm string. They should
use atable, numbers, written descriptions, algebra, agraph, and drawingsto illustrate
their conclusions. Use Student Resource Sheet 6, My Areais the Highest!

Authors:
Kimberly Morrow-Leong Marie Jones
All Saints Catholic School Waker Mill Middle School
Diocese of Arlington Prince George' s County
Adegboyega Mgjolagbe

Isaac J. Gourdine Middle School
Prince George' s County



Name Student Resource 1

It’sa String Thing!

Y ou have 36 centimeters of string. How many different rectangles can you with the string?

Complete the table with the lengths and widths of the rectangles. Record the shapes on
centimeter grid paper.

L ength Width Area Perimeter

l1cm 17 cm 17 cm? 36cm

2cm 16 cm 32 cm? 36cm




Name Student Resource 2

It’sa String Thing!
Examine the datain your table and then respond to the following questions.

1. What do you know about the perimeter?

2. What do you know about the area?

3. Arethere any other patterns?

4. What isthe maximum area? Explain.

5. What would change if the length were 2.6 cm.? Explain.

Bonus 6. Describe what you think the graph of the length and width would look
straight line? A curve?

.. Woulditbhea




CENTIMETER GRID PAPER




Student Resource 3

Picturelt
Independent variable range interval
Dependent variable range interval

Describe your graph of length vsarea. Isit astraight line? Do you know
anything about that shape? Explain.

What are the coordinates of the highest point on the curve?

What is the significance of that point? What does it mean? What isthe
width of that rectangle?

Would the graph look the same if you graphed the width to the area?
Explain.



Name

Student Resource 4

Circle Round!

Round to the Hundredths place.
Find the radius.

1. d=10

Explain how you solve for r.

2. d=122

3. d=152

Find the circumference of these circles.
C=2nr

4. r=72

5. r=140

6. r= 10.6

Find the area of these circles.
A=m r?

7. r=3

8. r=12

9. r=91

Find the radius.

10. 2=2mr

11. 64=2nur

12. 84.2=2nr

13. 144 = 27r

Find the radius.

14. C=72

Find the area of thiscircle.

15.

Find the radius.

16. C=36

Find the area of thiscircle.

17.

Use a compass and ruler to sketch the last
circle from number 16 and 17. Compare the
circleto your 36 cm segment of string.



Name Student Resource 5

TriangleTrial

A
13 13
12 12 h
h
— E ] F
B C
12 10
G
10
h 10
H J
16
K
1 Use the Pythagorean Theorem to find the area of each
triangle.
Height Area
ANABC
16 16 ADEF _
AGHJ
h AKLM
L M 2. Which triangle has the greatest area? Describe it.
4

3. Recall from the first day of thislesson which special rectangle has the greatest area.
Describeit.

4. What was the area of the circle?

5. What do these three shapes have in common?



Name Student Resource 6

My Areaisthe Highest!

You have 48 cm of string. Useyour string to design a shape that will
contain the most jelly beans. Usewhat you know about perimeter and
areato design your shape. Sketch and label the dimensions of your
shape.

Use atable, shapes, a graph, algebra, numbers, symbols, and
mathematical words, etc., to support your answer .

An excellent answer will illustrate at least four shapes, show the ar eas of
all shapes so that comparisons can be made, and justify the conclusion
in writing.



Name

Answer key Teacher Resource 1

It’sa String Thing!

Y ou have 36 centimeters of string. How many different rectangles can you make with that
length of string?

Complete the table with the lengths and widths of the rectangles.

Length Width Area Perimeter
lcm 17 cm 17 cm? 36 cm
2cm 16 cm 32cm? 36 cm
3cm 15 cm 45 cm? 36 cm
4cm 14 cm 56 cm? 36 cm
5cm 13 cm 65 cm® 36 cm
6.cm 12 cm 72 cm? 36 cm
7cm 11 cm 77 cm? 36 cm
8 cm 10 cm 80 cm? 36 cm
9cm 9.cm 81 cm? 36 cm
10 cm 8 cm 80 cm? 36 cm
11cm 7cm 77 cm? 36 cm
12 cm 6 cm 72 cm? 36 cm
13 cm 5cm 65 cm? 36 cm
14 cm 4cm 56 cm? 36 cm
15 cm 3cm 45 cm? 36 cm
16 cm 2.cm 32 cm? 36 cm
17 cm 1cm 17 cm? 36 cm




Name

Answer key

Answers may vary

Independent variable
Dependent variable

Answers may vary
1 17
2 32
3 45
4 56
5 65
6 72
7 77
8 80
9 81

10 80
11 77
12 72
13 65
14 56
15 45
16 32
17 1

Teacher Resource 3

“Picturelt”
length range_ 0-17cm interval_5cm
area range _ 0-81 cm? interval _10cm®

Area

100

80

B0

40

20

length vs area

* Series]

10 15 20
Length

Describe your graph. Do you know anything about the shape of the

graph?

(Answers may vary—As the length increased from 1 cm to 9 cm the areaincreased from
17cm? to 81 cm? and as the length increased from 10 cm to 17 cm the area decreased.
The shape of the graph is a parabola.)




Name

Answer key Circle Round!
Find the radius.

1. d=10 (5)
2. d=12.2 (6.1)
3. d=152 (76)

Find the circumference of these circles.
C=21r

4, r=T72 (452.16)
5. r=140 (879.2)
6. r=106 (66.57)

Find the area of these circles.

A=mr?
7. r=3 (28.26 sg.units)
8. r=12 (452.16 sg.units)
9. r=91 (260.02 sg units)
Find the radius.
10.2 = 2mr (0.32)
11.64 = 2mr (10.19)
12.84.2 = 2mr (13.41)

13.144 = 2nr (22.93)

Teacher Resource 4



Name

Explain how you solve for r.

To solvefor “r”, | divided the diameter by 2

Find the radius.

14. c=72 (11.46)

Find the area of thiscircle.

15. (412.74 sg. units)
Find the radius.
16. C=36 (5.73)

Find the area of thiscircle.

17. (103.18 sg. units)

Use a compass and ruler to sketch the last circle in number 16 and 17.
Compare the circle to your 36 cm segment of string.

Circumference 36 cm

Radius 5.73cm



Name

Teacher Resource 5
Triangle Trial (answer key)

A
13 13
12 12 h
h
— E ] F
B C
12 10
G
10
h 10
H J
16
K

1. Use the Pythagorean Theorem to find the area
of each triangle.

Height Area
AABC 10.39 units  62.34 sg. units
ADEF 12 units 60 sg. units
16 16 AGHJ 6 units 48 sg. units
AKLM 15.87 units 31.74 sq. units

h
2. Triangle ABC has the greatest area (62.34
cm?). Itisan equilatera triangle.
L —L ™ 3. The rectangle with alength of 9 cm and a
4 width of 9 cm had the greatest area. It wasa

square of 81 cm?.
4. 103.18 cm’
5. What these polygons have in common is that they are both equilateral.

Triangle ABC is an equilateral triangle and the rectangle is equilateral or a
square.



Answer key Teacher Resource 6

My Areaisthe Highest!

You have 48 cm of string. Useyour string to design a shapethat

will contain the most jelly beans. Usewhat you know about perimeter
and area to design your shape. Sketch and label the dimensions of your
shape. Useachart, table, graph, algebra, numbers, symboals,
mathematical words, etc., to support your answer .

Sample response
Shape Dimensions Perimeter/ Area
Circumference

Length 14 cm

Rectangle Width 10 cm 48 cm 140 sz
Length 12 cm

Square Width 12 cm 48 cm 144 cm?
Equilateral

Triangle 16 cm 48 cm 110.85 cm?

Circle Radius 7.64 48 cm 183.28 cm?

The shape that will give me the most jelly beans is the circle because it
contains the greatest area.



My Areaisthe Highest!

Grading Rubic (1-5)

Student has found at least four shapes with a perimeter of 48 cm. All
calculations are accurate. Student has shown the formulas and steps
used for calculations. Written explanation expresses the student’s
point of view and has counter examples.

Student has done avariety of shapes with a perimeter of 48 cm.
Calculations are reasonable, if not accurate. Some work may be
incomplete, but there is evidence of reasonable calculations. Written
explanation is clear, but may not be well developed.

Student has found the area of afew shapes, but may have some
Inaccuracies. Written and graphic explanations are there, but may not
be clearly identified.

Student has attempted cal culations and may have one or two correct.
Student may not be able to use calculations to come to a conclusion.

Student has attempted the task and shows evidence of thought, but
does not arrive at avalid conclusion, and few, if any, accurate
calculations.
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