Performance Based Learning and Assessment Task
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ASSESSMENT TASK OVERVIEW & PURPOSE:

Students will make and test conjectures regardosgiple relationships between the
lateral surface area and the volume of solids. &ctalids will be constructed to test
conjectures and results verified using algebraimtdas.

UNIT AUTHOR:
Amber Bebout, Radford High School, Radford City Galls
Stephanie Brady, Atlee High School, Hanover Co@tlools

COURSE:
Geometry

CONTENT STRAND:
Three Dimensional Figures

OBJECTIVES:
The learner will be able to use algebraic or geometasoning to maximize the volumg
of a three-dimensional figure given constraintgtenlateral surface area of the figure.

REFERENCE/RESOURCE MATERIALS:
Tape
Scissors
Paper plates
Classroom set of calculators
Formula Sheet for Geometry
8X10 sheets of paper
Heavy card stock or large paper plates
Popcorn, cereal, dried beans, foamipgakaterial, rice, etc.
Handouts

PRIMARY ASSESSMENT STRATEGIES:

The task includes an assessment component thstuthent may use as a checklist for
self-assessment and the teacher may use as agyradnct. The assessment compone
is comprised of the included rubric that providksac details on grading criteria for
student work.

EVALUATION CRITERIA:

» Each student will be evaluated using the includdxtic.

* Benchmark of Exemplary Work will guide teachersifdended baseline of
students’ work

INSTRUCTIONAL TIME:

1%

90 minutes over 2 days




Alpaca Lunch

Strand
3-Dimensional Figures

Mathematical Objective(s)
» Students will use their knowledge of geometric gsagnd formulas to maximize volume
» Students will use prior geometric knowledge to medejectures before completing the activity prompt

Related SOL

G.13 (The student will use formulas for surfaceaaard volume of three-dimensional objects to solve
real-world problems.)

G.14 (The student will use similar geometric olganttwo- or three-dimensions to
a) compare ratios between side lengths, peerseareas, and volumes;
b) determine how changes in one or more dino@ssof an object affect area and/or volume of the
object;
c) determine how changes in area and/or voloiha® object affect one or more dimensions of the
object; and
d) solve real-world problems about similar getme objects.)

NCTM Standards
* Analyze properties and determine attributes of targd three-dimensional objects
* Apply and adapt a variety of appropriate stratetpesolve problems
« Communicate mathematical thinking coherently araty to peers, teachers, and others

» Establish the validity of geometric conjectureshgsileduction, prove theorems, and critique argusnent
made by others

Materials/Resources

Tape

Scissors

Paper plates

Classroom set of calculators

Formula Sheet for Geometry

8X10 sheets of paper

Heavy card stock or large paper plates

Popcorn, cereal, dried beans, foam packing mateical— some material to fill the solids
Handouts

Assumption of Prior Knowledge
e The student must know how to use the geometric ditasrelated to lateral area, area of base and
volume, including finding the necessary lengthsalzulate these formulas
« The student must be able to use mathematical cttdefend or discredit his/her conjecture



Introduction: Setting Up the Mathematical Task

In this activity, you will investigate the relatisiip between the lateral surface area of a contame the
amount of material the container will hold. On fhst day, you will look at how lateral surface arean
remain the same as students create containersliffghent heights and different badeach container will
be created using the same sized paper to forndis.9On the second day, you will use your knowéetiy
maximize the volume of the food container in ortbeprovide customers with the best deal possibtal Y
will establish a conjecture, use math to eithepsupor discredit your conjecture and then thordygh
explain your design, math and reasoning.

Student Exploration
Individual Work (estimated time: 2 90-minute classperiods)
» Students will work individually on the activity viitassistance from the teacher when necessary

Student/Teacher Actions:

» Students should take into consideration the supph@ilable to complete this project

» Students should thoroughly examine the activitynggband the provided rubrics to ensure they
understand the expectations of the activity

* The teacher should circulate and ensure studedisrstand what their goal is for the activity andtth
reasonable conjectures have been established.

* The teacher can provide help to students thattargging by making suggestions on the shape of
container students may want to test, various dimareets to try testing and/or providing help with
formula calculations.

Monitoring Student Responses
» Students should be supportive and respectful aftatlents during the activity. Providing help to
struggling students should be encouraged, but dhmtlsimply be for the supplying of answers.

» If students need a modification to the activityp\yading them with the various shapes and dimens®ns

an option.

» Students will be encouraged and expected to useematical vocabulary during the activity and inithe

reasoning.



Geometry Formula Sheet
2009 Mathematics Standards of Learning

Geometric Formulas
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Abbreviations
Area A
Area of Base B
Circumference C
Lateral Area LA.
Perimeter p
Surface Area S.A.
Volume V
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Geometry Formula Sheet
2009 Mathematics Standards of Learning

Geometric Formulas
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Geometric Symbols
Example Meaning
msA measure of angle A

AB length of line segment AB
AB ray AB
[’ right angle

}Té | ‘C_D‘ Line AB is parallel to line CD.

——  — |Line segment AB is perpendicular
AB LCD | jine segment CD.

/A >~ /B |Angle A is congruent to angle B.

Triangle ABC'is similar to
ABC ~ ADEF
8 8 triangle DEF.

Z../J §“<> Similarly marked segments are
congruent.

AV Similarly marked angles are
congruent.

Copyright ©2011 by the Commonwealth of Virginia, Department of Education, P.O. Box 2120, Richmond, Virginia
23218-2120. All rights reserved. Except as permitted by law, this material may not be reproduced or used in any form or
by any means, electronic or mechanical, including photocopying or recording, or by any information storage or retrieval
system, without written permission from the copyright owner. Commonwealth of Virginia public school educators may
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*Optional
Pre-Activity Worksheet

Vocabulary Review
Area

Surface Area
Lateral Area

Volume

Exploration: The Petting Zoo

Congratulations! You have a part-time job at a lgedting zoo. Because the zoo is free for childien
wants to earn some money selling grain for visitorkeed the alpaca and llamas.

A friend of the zoo has donated special paper tkenadpaca food containers. You have many sheets of
this paper, cut to 8” x 10”. These sheets will mtleesides of your containers, and you will useviiea
card stock to create the bottom.

One of your helpers used the paper to make talingkcontainers.
Another helper began making short, fat containers.

A set of twin boys came to the zoo with their motfiewant a tall, skinny container,” said one twin
“No, buy the short, fat one, “ said the other. iFineother said it doesn’t matter which one they ey
both hold the same amount of grain.

Who is right? Make a conjecture now, and suppout yhinking.

Test your conjecture. Use your paper to createobeach type of container, as shown below.

short, fat container tall, think container
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Use the material provided by your teacher to fika@ontainer. Will this amount fit exactly into tother
container? Pour into the other to test our conjectu

Did the experiment support your conjecture? Do lyave the same opinion, or did you change your
mind? Explain.

Let’'s use math to support what your opinion.

Analyze the short, fat container:

Length Width Height

Lateral area Area of Base Volume

Analyze the tall, thin container:

Length Width Height

Lateral area Area of Base Volume

Does the math support your original conjecture?l&rf

What is your final conclusion? Explain in detaibdesupport your answer.



Activity Prompt
Alpaca Lunch

Good news! A generous donor has given the pettogize Alpaca Chow. Since the food is free, you
have decided to give the zoo visitors the best yimalcan. You want to make one container hold the
most food it can without changing your materials.

You will have as much 8’ X 10” paper as you wanbuYwill use card stock for the bottom of your
container. You can only use one sheet of paperakerthe sides of each container, but you may make
the base as large as you need to.

You may make your container any shape you wisheetngular prism, cylinder, or triangular prism —
any shape that can be used to hold Alpaca Chow.

Make a conjecture: What shape do you think willdntble most food? Explain your thinking in detail.

Test your conjecture: Use your materials to tesir yonjecture. You may perform as many experiments
as you wish.

Revise your conjecture: After experimenting, doesryconjecture still hold? Do you wish to change
your conjecture? Explain.

Support your reasoning with math: Use your fornaliaet to check your revised conjecture. DO you
need to revise your conjecture?

Final conclusion: What is your final conclusion?#oan you use 80 square inches of lateral surface
area and create the largest possible containerfessithe following in your answer: What is the éety
container that you tested or analyzed? Do you &elikat it is the largest possible one? Support you
answer with experiment results and math.



Assessment List — Rubric

1 2 3 4
Original Conjecture was listed in | Conjecture is vague but | Conjecture is clear and Original conjecture was
conjecture vague terms and not supported, or conjecture is precise but explanation is | described in detail and
supported. clear and precise but not clear. logically supported
unsupported. /4
Test your There is no evidence that There is evidence that one Options were explored, bytEvidence exists that the
conjecture conjecture was tested or two other options were | counterexample to conjecture was thoroughly
explored conjecture was not tested| tested /4
Revise your Incorrect conjecture was| Incorrect conjecture was | Correct conjecture is not | Correct conjecture is
conjecture not revised with little or | not revised, explanation | sufficiently supported or is supported, or incorrect
no explanation given is weak or revised, incorrect conjecture is appropriately /4
incomplete conjecture is revised revised
without support
Support your No math is shown, or Only one container is Math is shown, but does | Math is correct, and
reasoning math shown is incorrect | analyzed mathematically | not support answer supports correct conjecture
14
Final Final conclusion is not | Final conclusion is not the| Final conclusion is not the| Final conclusion is correct
Conclusion supported best solution, but is best solution, but is and fully supported
supported by either supported by mathematics /4
mathematics or and experimentation
experimentation
Score 120




Benchmark
Example of Exemplary Work

Good news! A generous donor has given the pettiogiree Alpaca Chow. Since the food is free, you
have decided to give the zoo visitors the best glsalcan. You want to make one container hold the
most food it can hold without changing your matesria

You will have as much 8’ X 10” paper as you wanbu¥Ywill still use card stock for the bottom of your
container. You can only use one sheet of paperakerthe sides of each container, but you may make
the base as large as you need to.

You may make your container any shape you wishieetangular prism, cylinder, triangular prism — any
shape that can be used to hold Alpaca Chow.

Make a conjecture: What shape do you think willdntble most food? Explain your thinking in detail.

| think that a short, fat rectangular prism with a square base will hold the most food. When we did
the activity yesterday that was the one that heldiie most.
The prism would be 8” tall, 2.5” wide and 2.5” deep

Test your conjecture: Use your materials to test yonjecture. You may perform as many experiments
as you wish.

| tried making cylinders and prisms that did not have squares on the bases. The cylinders that are
8" tall hold almost the same as the prisms that ar8” tall; it is hard to tell which one is bigger. It
seems like the wider the container is, the more will hold.

Revise your conjecture: After experimenting, doesryconjecture still hold? Do you wish to change
your conjecture? Explain.

| think that a short, far cylinder will hold more t han the short fat rectangular prism. If we cut the
paper in half, we can make a container that is verghort and very wide that will hold even more.



Support your reasoning with math: Use your fornsliaet to check your revised conjecture. Do you
need to revise your conjecture?

8" tall cylinder: 8" tall prism:

V =mr*h V = 'w*h
Circumference = 10” =gr = 8*2.5%2.5=50in°
=2~ 159

T

V = m*1.59%*8~ 63.5in°

4” tall cylinder: 4”tall prism:
C=20"=2mr V = 4*5*5= 80 in®
=2~ 3.18

i

V= 1*3.18%*4~ 127.01in°

Final conclusion: What is your final conclusion?#oan you use 80 square inches of lateral surface
area and create the largest possible containerfessithe following in your answer: What is the ésty
container that you tested or analyzed? Do you &elikat it is the largest possible one? Support you
answer with experiment results and math.

The largest container | could make was a cylindertat was 4” tall. That was not what | originally
thought. I did not think that cylinders would hold so much more than prisms. I think it is because
they do not have corners, they have larger bases.NW&n | used the formulas, | could see that when |
squared the radius of the base circle, that this nd® a big change in the volume of the container.
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