Thermal Energy — Save the Penguins

Unit Utah SEEd Standard / NGSS Performance Expectation Estimated Lesson Time:
Thermal Energy Standard 8.1.7 Four 50-minute class periods
Design, construct, and test a device that can affect the rate of a phase change.
Compare and identify the best characteristics of competing devices, based on data
analysis, and modify them to improve the device to better meet the criteria for
success.

LESSON OVERVIEW

Learning Objective
Students will be able to create a penguin shelter that will keep a penguin ice cube frozen overnight.

Anchor Phenomenon
Video of penguins and their adaptations to the cold.

Driving Question
How can | use insulators to help keep ice cold overnight?

Lesson Level Performance Expectations
Design and optimize solutions to demonstrate the cause and effect of limiting thermal energy transfer.
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LESSON SNAPSHOT

LESSON SUMMARY:
Estimated Section Overview How are students answering the driving question or meeting the
Time learning objectives? (Highlight SEPs, DCls, and CCCs)
Experience the | 10 minutes Students discuss heat energy transfer and penguins | What natural adaptations do penguins have that help them keep
Phenomenon at the Hogle Zoo. warm in the cold? How can we use these adaptations in
designing a solution for keeping an ice cube cold?
Research 30 minutes Students research good insulators and good cooler Students research how different materials affect thermal energy
designs and come up with three possible solutions. transfers.
Build the 45 minutes Students choose one design, budget their materials, | Students design a solution for keeping ice frozen overnight.
Prototype and build their first prototype.
Test the 45 minutes Students measure the melted water and review Students review data and optimize their designs, incorporating
Prototype which coolers worked best. They make necessary some of the best elements from other designs.
changes to their prototype for a second trial.
Final Data 45 minutes Students analyze the data to determine whether Students record how their devices affect thermal energy transfer
Analysis they protected their ice penguin. and the phase change.

DiscIPLINARY CORE IDEAS

DEFINITIONS OF ENERGY

ScIENCE & ENGINEERING PRACTICES

DESIGNING SOLUTIONS

CROSSCUTTING CONCEPTS

CAUSE AND EFFECT

Motion energy is properly called kinetic energy; it is proportional to the mass of
the moving object and grows with the square of its speed.

A system of objects may also contain stored (potential) energy, depending on
their relative positions.

Temperature is a measure of the average kinetic energy of particles of matter.
The relationship between the temperature and the total energy of a system
depends on the types, states, and amounts of matter present.

The term “heat” as used in everyday language refers both to thermal motion
(the motion of atoms or molecules within a substance) and radiation
(particularly infrared and light). In science, heat is used only for this second
meaning; it refers to energy transferred when two objects or systems are at
different temperatures.

Apply scientific ideas or principles to design,
construct, and/or test a design of an object,
tool, process or system.

Undertake a design project, engaging in the
design cycle, to construct and/or implement
a solution that meets specific design criteria
and constraints.

Optimize performance of a design by
prioritizing criteria, making tradeoffs,
testing, revising, and re-testing.

Relationships can be classified as causal
or correlational, and correlation does not
necessarily imply causation.

Cause and effect relationships may be
used to predict phenomena in natural or
designed systems.

Phenomena may have more than one
cause, and some cause and effect
relationships in systems can only be
described using probability.

Related knowledge and skills from prior grades

Disciplinary Core Idea:

The faster a given object is moving, the more energy it possesses.

Science and Engineering Practices

Crosscutting Concept:
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Energy can be moved from place to place by moving objects or through sound,
light, or electric currents.

Use evidence (e.g., measurements,
observations, patterns) to construct or
support an explanation or design a solution
to a problem.

Apply scientific ideas to solve design
problems.

Generate and compare multiple solutions to
a problem based on how well they meet the
criteria and constraints of the design
solution.

Cause and effect relationships are
routinely identified, tested, and used to
explain change.

Events that occur together with regularity
might or might not be a cause and effect
relationship.

Link to all materials on the 3DRST website (3drst.byu.edu): https://3drst.byu.edu/8th-8-1-7-penguins

Link to all materials on Canvas Commons: https://tinyurl.com/3DRSTeighth

Student Materials Teacher Materials

Other Resources

- Save the Penguins Student -
Worksheet -
- Science Dollars -

Save the Penguins Teacher Slides
Insulator Research

How Conductors and Insulators
Work reading

- Utah Heatwave Video

- Bill Nye Heat Video

Collected boxes, Styrofoam, bubble wrap, newspaper, etc., or purchase supplies

such as those below:

- Ice cubes or Penguin Ice Molds — Amazon

- Jars—Amazon
- Beakers — Amazon
- Bubble Wrap — Amazon

- Newsprint or shredded paper — Amazon

- Foil = Amazon

- Plastic Wrap — Amazon
- Glue Guns — Amazon

- Duct Tape — Amazon

- Boxes—Amazon

Other possible supplies include hamster bedding, felt, fleece squares, broken-

down cardboard boxes, etc.
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https://www.youtube.com/watch?v=WMYb5684Kp0
https://www.amazon.com/dp/B09VFDS8HX/ref=sspa_dk_hqp_detail_aax_0?sp_csd=d2lkZ2V0TmFtZT1zcF9ocXBfc2hhcmVk&th=1
https://www.amazon.com/Plastic-Reusable-Storage-Containers-Breakage-proof/dp/B0DDPVGLHB/ref=sxin_18_pa_sp_search_thematic_sspa?content-id=amzn1.sym.5a2f80d8-3686-499a-bbaa-70664bd0de70%3Aamzn1.sym.5a2f80d8-3686-499a-bbaa-70664bd0de70&crid=NN0AVDY5AUUK&cv_ct_cx=1%2Bcup%2Bmason%2Bjars%2Bbulk&keywords=1%2Bcup%2Bmason%2Bjars%2Bbulk&pd_rd_i=B0DDPVGLHB&pd_rd_r=05100c50-b426-4ce7-880f-75e36ba2d53b&pd_rd_w=YJb07&pd_rd_wg=uL78E&pf_rd_p=5a2f80d8-3686-499a-bbaa-70664bd0de70&pf_rd_r=EZHB2VX8EHMNMSYQT4AY&qid=1756906129&s=home-garden&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=1%2Bcup%2Bmason%2Bjars%2Bbulk%2Cgarden%2C112&sr=1-2-6024b2a3-78e4-4fed-8fed-e1613be3bcce-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&th=1
https://www.amazon.com/PATIKIL-Borosilicate-Graduated-Printed-Measuring/dp/B0C3XQFNHM/ref=sr_1_4?crid=1BPBCFET3DA0Q&dib=eyJ2IjoiMSJ9.i5h4gr_d4i6qSrj4jk5u-5w49ZX3qn3OQXVp0ZDf-vd1qhA0Z2srR3lLiaZzCBxcH5J3iXhXxYXGgN12O2X_uRG5UzYEqkK30hQv5xNSsY69mzYPX7sFjJiiTQTN8jtMrZyLrhDMrM4RiHnnaUtJ068RuRBRtjYNUAxn-Ueu-SgCqZ6o826Bbk1LyuZnCTUBAMtwwXLb-mwQr7V5ZZGP2VBHDPNHlxrjhD9iMqBNr3o.eIQLFWM-GQFuIPDlmpj_sTGBBNbCnWeElRN8_5VHFD4&dib_tag=se&keywords=1%2B10%2Bml%2Bbeaker&qid=1756906323&sprefix=1%2B10%2Bml%2Bbeaker%2Caps%2C147&sr=8-4&th=1
https://www.amazon.com/Cushioning-Perforated-Stickers-Packaging-Shipping/dp/B0829D1D7V/ref=sr_1_9?crid=27N6B068SNEC9&dib=eyJ2IjoiMSJ9.5ZK8frVNo5txvpCwk1m3sJ8-nr0u27fpW1usumiNZDAGYhZUCv3GnDu3_RvDLPt3_11r59Y5Dvzf47nhS_FYPY_0r6VguhWroEB7DCKfCMbE40-dusTMTrw72E2q1OCzcR1BJ_n-H1tXmrsgmtnWsAkN3HoIYZm01XHacztbMAdy20TcaSb90trjOpS9e1Z-uo0K2loDekMR5alOymko9M4r0Cc4W-qzdT0BPAmcQ0pWPEF-x4YKm6yZVbHhpHGPsGYGHueEdwZGLBuGqlAUsrNBGcFn3HiedQN3JCg7Qh4.B34PNEnfmOteKFNJARWRSKJo4U03tkgfiCobSskPExk&dib_tag=se&keywords=bubble%2Bwrap&qid=1756906455&sprefix=bubble%2Bwrap%2Caps%2C169&sr=8-9&th=1
https://www.amazon.com/PerkHomy-Wrapping-Bulletin-Shipping-Covering/dp/B0C1RC5Y7F/ref=sr_1_3?crid=1HT5NK95QYEDQ&dib=eyJ2IjoiMSJ9.ntLOnEs89AqQsDd3Xq6so7r9wLg-fU2uPz8hjWEc8HaTTPlth2YfO5IDpga5q8QyqRsvTGEgJfel-W7tgsfRofcbJXECedKavl2IAfotRVKvivnAWX3ySvBGwgrR_d3NOeaIoU0DwYz_QQ_ipe-G-fYM8NXdAoCqbFhdpuuxdXWrFJ2SgzYifUVD8Jt3B6wdcLRSPJDcZasLVFdC0c7Y6x2IgbMPMsE83lTvpFXFSDE.-yyC20QgX3mn9Dgxx7Lx3axt9rd9zJ9Fs1L7885Me54&dib_tag=se&keywords=newsprint+roll&qid=1756906552&sprefix=newsprint+roll%2Caps%2C153&sr=8-3
https://www.amazon.com/Amazon-Basics-Aluminum-Foil-Pack/dp/B093WS3YGV/ref=sr_1_6?dib=eyJ2IjoiMSJ9.VOtxcnT1oxi6bmgrX-GHKPm7Heg8bq1GnqjK_qs6ddcFszmnLVBd4wVzfQEDSmI9IyYV9GvhZ-To9QQc93Kdp76wT99xLDSSYRnJCsPGXdADLPgO-Omz33QmQdFyfefa9b3DyMhuhGB35D3hfUtlbqikaT7uhBcnfGHZdSwU7WGEfAkT0jkMo91Fr3acTw8y45p-vgKNhsFu6Sn2uPMQlgJ7E8eGAWzsEnOrfkAukdLaqkB1hpd6YJd__fNnYoy2ELmrTW2pw_hRM49685Iq6gSfpFxz6KpCimMj3AMeKRc.zzeRIjkyKEvPr5MKYUd9s3K7XIPk_mn3rUOGhbi7yjM&dib_tag=se&keywords=aluminum+foil+roll&qid=1756906729&sr=8-6
https://www.amazon.com/Amazon-Basics-Plastic-3-100-Rolls/dp/B09Z2LFBJC/ref=sr_1_1_ffob_sspa?crid=177DQNNQI4DG9&dib=eyJ2IjoiMSJ9.j-quF7hp9e2NvY8Hr8yM5VSoYOb5EMGNEI1jupzjD7xCxXph94hiJWXhUdr5r20_XO5_F3_Fp1u8PVskr8j5Eo_F_EMzxsLrUJwSDURFknxgv_oHz6-8k7Ylb8DxJUkRK8GqM9x3wy9NcUc7WTuzCGB-Oh3SCAiZVYOIhCw6bM6XvwJg16KMfhRjGEh6j-9rvkLk8CUUD3joWSpI43FtJdG-slsOp1JgLfaPonoNHL-l9f225__DugCsMDoiZ1J2k8s6lfULs2jRUtFjceU7slUuoW2h_dRAiDkYzhDY38E.2hgRMHa_RLdxD0uqvRS5qD9vlDB9NGT4b_HfcGu6xB8&dib_tag=se&keywords=plastic%2Bwrap%2Bfood&qid=1756906859&sprefix=plastic%2Bwrap%2Bfoo%2Caps%2C159&sr=8-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.amazon.com/Crafts-Sticks-School-Projects-Repairs/dp/B0DPKR6TPD/ref=sr_1_4_sspa?crid=D15OB2PKP7K7&dib=eyJ2IjoiMSJ9.aKqs8vBvcbuV7kepnmN4I4cZ4qYWbCLkmF5lOBnTC-G8Atqb61aJLhOoJqwbUsV_zOG6pdTWPOvCIuW5thtHYfPz9PlHEuNluZHD6p8o6JfWGh9DIqiawOTMY3ZR8YVl2SBDYSNZVbIvan4lgARly5KQxGJ2ZPgd3Gd-OFpwKJQP2lFYqiXVJqcZ5zv-b24TukOHbV9o5DTtr5qu7KJsXNDGs843jniyPbZjJg72qbquwbb9H_Z950dM6yR2-2pdQEsyUijdzfZn1Ws3UVyK9mpSYw5Z1BT4G2HhugCPhzc.eiuoRcwSn-j93wBkaxieV-ejkQfOcjfXPtYd4uUUG24&dib_tag=se&keywords=hot+glue+gun&qid=1756906984&sprefix=hot+glue+gun%2Caps%2C153&sr=8-4-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Waterproof-Adhesive-Residue-Projects-Outdoor/dp/B0F8NP4XTJ/ref=sr_1_2_sspa?crid=3034ZALDUFF82&dib=eyJ2IjoiMSJ9.aTtJUe4qbRate66TL8Az1eytdrcmvtoKMRipp80hAVVRjw4FmAiCeDF__vVpWCOumay_6gwKhlwUS37As7O1mLvXd4QOS_IACARdtRhpHdn45mKJyBD-wI8x6K5g2r-LQV1hmCE7dw3TxN6zK6Zc63akeBMHd5xYLFnjPm-P9vX7Psu3iWhYuP24yT40Rfn_QrOHU9B14x6z8T8bopLcPLYmFUKKq1oCYtJ0izFTR1s.1tYy2EMYFFWT2XjXg8MKhUl_13oNUz21MxIZfEBd3j0&dib_tag=se&keywords=duct+tape&qid=1756907164&sprefix=duct+tape%2Caps%2C175&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/PETAFLOP-Shipping-Cardboard-Corrugated-Business/dp/B0C49R8T36/ref=sr_1_4_sspa?crid=3UX7IGZ2UY5MK&dib=eyJ2IjoiMSJ9.fhroHNf4nWnpR6Xas89vV3CW8rk2uqjcI3wpX-5K6vezQgl0HiHwqfb5xJ59aslmoAXwWiHAKQVtgBzD6-w1b8EVOazN_e2TGA0_K1PEf97gAAc-VRyRYneepDiiD9w65MWXgbJR5-dmKYqTe0SHSVeyQeLDBvDginvVgjBGhvOgqiyZNoVDPeuKxwGVdr3jDyqVzKOhB_kiFolBf8edYOb_c8Wy9MZrSZmy6SD1KQU-FfO1DPMpUcS5WvlS4nbojMzAiYp5lTv7T2XlrEYpnGHDwqIme20aYjMa2SD0PTg.xTh07MzJUILHavcxma1tPrChS0-lMGjXJbGATEaO-C4&dib_tag=se&keywords=small%2Bshipping%2Bboxes&qid=1756907296&sprefix=small%2Bshipping%2Bboxe%2Caps%2C155&sr=8-4-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1

LESSON PREPARATION

Material Preparation:
Collect recycled boxes and packaging materials as needed.

Required Previous Knowledge:

This lesson builds on students’ prior understanding of the following DCls developed in standard 8.1.5:

Develop a model that uses computational thinking to illustrate the cause and effect relationships in particle motion, temperature, density, and state of a pure
substance when heat energy is added or removed.

Supports students will need/adaptations:

Vocabulary Definitions:

Thermal Energy: the total energy of tiny, invisible particles (atoms and molecules) in an object that are constantly moving.
Temperature: a way to measure how hot or cold something is.

Energy transfer: when energy moves from one object to another or from one place to another.

Conductor: is when energy moves from one object to another or from one place to another.

Insulator: A material that acts like a "blocker" or "shield," preventing things like electricity or heat from passing through it easily
Constraints: Anything that limits or restricts how you can solve a problem or design something.

Criteria: The specific things you look for or the standards a solution must meet to be considered good or successful.

EXPERIENCE THE PHENOMENON/PROBLEM (ENGAGE)

What Students Are Doing Teacher Tips
Students watch the penguin video and discuss how penguins are adapted to living in cold Bill Nye Heat Video
environments.

Have students read the questions before watching the

Students will watch a Bill Nye video to obtain information about Thermal Energy. Students will video.
fill in the blanks on their worksheet while watching the video.
What Teachers Are Doing Teacher Tips
Ask questions that prompt students to discuss the method of insulation. Example questions:
- What environment are penguins naturally in?
Walk around the classroom as students watch the Bill Nye video, answering questions and - What did you notice about how penguins stay warm in
ensuring students fill in the blanks. the cold environment?

- How can the penguin's feathers and blubber cause
problems in a warmer environment?
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INVESTIGATE THE PHENOMENON (EXPLORE)

What Students Are Doing Teacher Tips
Start gathering the
Day 1: Cooler Research (Pages 1-2 of the student worksheet) materials, in advance
needed, to create the
ice.

Before Building

Freeze the ice penguins in

e | can explain the challenge in my own words. advance

e | wrote down all the rules and materials | can use.

e |listed what makes a cooler work best (keeps ice cold, uses insulation, etc.). Make sure to review

e |sketched at least two ideas for my cooler. thermal energy transfer,

e |chose my best idea and explained why | picked it. insulators, and conductors.
e | know how much money my group can spend.

e | checked the cost of each material. For sixth grade students,

e I made a list of materials and their prices for my design. you may want to have the
e My design stays within the budget. students write group

names or numbers on the
Research: What materials are good conductors and good insulators? Write in the boxes below the definition of conductors and | back of their money.
insulators, and list examples for each.

Define Insulator- Define Conductor- This lesson could be
completed as an overnight
What is it about the structure of insulating material that What is it about the structure of conductive material that experiment or could be
causes it to be a good insulator? causes it to be a good conductor? :one with the addition of a
ay.
Examples of Insulating Materials: Examples of Conducting Materials: Day one: res.earch
1 1 Day two: build:
Day three: place coolers
2. 2. near heaters or under heat
3. 3. lamps and check water
4. 4. volume.
5. 5. Day four: modifications
6. 6. Day five: retest with
7. 7. heaters and heat lamps
What material will your team use to create your design? What material will your team not use in creating your
Why? design? Why?

& 3D-RST is supported by the NSF under grant number #DRL-2101383 @®®©



https://3drst.byu.edu/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Define Problem

Criteria

Constraints

Background research
Summarize one thing you learned from your research that
CAUSES a material to be a good insulator.

Solution Design SOLUTION 1 SOLUTION 2 SOLUTION 3
Design three possible solutions for this problem.
Day 2: Cooler Design: Pages 3-5 of the student workbook
While Building
e | worked with my group to build our cooler.
e  We used the materials carefully and did not waste supplies.
e We followed our plan or made improvements if we found problems.
e  Everyone in my group helped and shared ideas.
e  We only used the materials we “bought” with our budget.
e  We kept track of our spending so as not go over budget.
Item Cost # Needed = Amount Item Cost # Needed Amount
1 sq. ft Bubble Wrap S2 Tape (1 foot) s1
Newsprint (1 sq foot) | $S0.50 1 sq. ft Plastic Wrap | $0.10
1 sq. ft Aluminum Foil | S1 Foam Panel $2

Use a guided research
paper with struggling
students (attached).
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Cotton Balls (per 10) $0.50 Glue Sticks (each) $0.50

Zipper Bag $0.50 Cardboard Box S3

Prototype Design
As a group, select one of your proposed designs to build and test. This will be

your prototype. Describe it here.

Test prototype and record data for your test and at least two other designs in
the class

Day 3: Prototype Testing and Redesign: Page 6 of the student worksheet
e  We placed the penguin in our cooler.
e  We checked the penguin the next day.
e We wrote down the amount of liquid H,O from our penguin.
e  We kept our data neat and easy to read.

Analyze data and critique your design

Predict how you think your current insulator affected your ice cube?

Proposed modifications based on data

Day 4: Pages 7-8 of the student worksheet
Cooler Design Project: Student Checklist

After Testing
e |looked at our results and compared them to our predictions.

e | thought about what worked well and what could be improved.

e | wrote down at least one idea to make the cooler better next time.

e | explained (in writing or out loud) how insulation and heat transfer affected our results.
e | helped my group share what we learned with the class.
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Retest and record data
Test number: 2

What was the effect of

your modifications?

Final Analysis & Critique

FINAL CONCLUSION

Identify some characteristics of the most successful models. Make sure to use the
following words in your conclusion: structure, function, cause, and effect.

Item Quantity Cost per Item Total Cost

Original Amount Spent S
Amount Spent on Modifications S
Total Spent S
Bonus Money S
Money Left S

Criteria 4—Excellent 3—Good 2—Developing 1—Beginning
Understanding the | clearly explain what the I mostly explain the | give a basic idea of | do not explain the
Problem challenge is and what my challenge and what the the challenge or rules. challenge or rules

cooler needs to do. | think
about the rules and what
makes a cooler work best.

cooler should do. |
consider most of the rules.

clearly.
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Design & Creativity

Testing & Data

Improving My Design

Explaining the Science

Teamwork & Sharing
Ideas

My design is creative and uses
materials effectively. | think of
more than one idea before
building.

| test my cooler carefully,
record all results, and keep my
data accurate and neat.

| think about what worked and
what didn’t, and | give specific

ideas to make my cooler better
next time.

| clearly explain how insulation
and heat work in my cooler
and use science words
correctly.

I work really well with my
group, listen to others, and
help share our ideas and
results.

My design works well, and
I try at least one idea
before building.

| test my cooler and
record most results. My
data is mostly correct.

I share some ideas for
improvement and explain
my thinking.

| explain how insulation
and heat work, but | may
miss a few details.

| work well with my group
and mostly share ideas.

My design is simple,
and | do not try
different ideas.

| tested my cooler, but
my data is missing
parts or contains
errors.

| give a basic idea for
improvement.

| give a basic or
incomplete science
explanation.

| sometimes work with
my group, but don’t
always share ideas.

My design has little
effort, and I do not try
new ideas.

| do not test or record
results, and my data is
very incomplete.

| do not suggest any
improvements.

| do not explain the
science, or my
explanation is
incorrect.

| do not work well with
my group or share
ideas.

What Teachers Are Doing

Teacher Tips

Day 1: Slides 1-10 of the presentation

1. Introduction (20 min)
a. Discuss heat transfer (conduction, convection, radiation).
b. Explore how insulation slows down melting.

2. Challenge Brief (5 min)
a. Goal: Build a cooler that keeps an ice cube from melting for the longest time.
b. Allowed materials: cardboard boxes, bubble wrap, newspaper, plastic wrap, tape, etc.

3. Research

Material Prep:

Precut materials before the
lesson

Print off the sheets of the
dollars and have them cut
them out as they use them.

Stand with the materials
and have the students buy
the materials to keep
students from taking extra.
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Present the problem to the students by playing the video. They will create a penguin shelter. The student’s task is to design
and build a shelter for the ice penguin that is energy-efficient. Explain that they will test their designs by placing an ice penguin
in a jar overnight and determining how well it keeps the ice frozen.

Engineering Project

Problem The Hogle Zoo is creating a new Penguin Habitat and needs your help

Criteria Has to keep something frozen for 24 hours.

Constraints e Each group must design a Penguin Shelter using their knowledge of insulating and conducting
materials.

e The box must be no bigger than 12”x 5” x 5”

e There must be a lid that easily opens and closes

e The box can not be brought home

e The building of the penguin shelter can only be performed at school

e The material can only be from the table of supplies

e Each team can only spend $15 on supplies

e The shelter must be designed or decorated to fit in the penguin’s habitat at the zoo.
e Must be penguin safe.

Students will research good insulators.

Research. In this activity, students will use the internet to obtain information about ways other people have used to make
their homes energy-efficient and prevent the transfer of heat to or from the interior of the house. Use the student sheet as a
guide. Students need to find information from three sources, evaluate the information to determine whether it will be useful
for their project, and cite their sources.

Exploring Insulators: Ask if any of the students came across the terms “insulation, or insulator” during their research. Review
the definition of an insulator and discuss how it affects heat transfer. Have the students brainstorm a list of materials that
could be used to insulate their home.

It is good to have the students list the materials they think would be effective, but since they will be testing these in class, you
may also need to weed some out, like fiberglass insulation.

Day 2: Slides 11-22 of the presentation
1. Design Phase:
a. Inteams, sketch cooler designs and choose insulation strategies.

Assign one person in each
group to be the purchaser
to avoid confusion.

Possible discussion
questions:

- Which designs kept the
ice frozen the longest?
What features did those
designs have in
common?

- Did any design surprise
you with how well or
poorly it worked? Why
do you think that
happened?

- What patterns do we
notice across all of our
results?

- What modifications can
you make to your design
to help it be more
effective?
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b. Predict which materials will work best and why.
2. Build (30-45 min)
a. Construct coolers using provided materials.
b. Place one ice cube in each cooler.
3. Test 1 (overnight)
a. Check and record the ice cube.
b. Observe which cooler keeps the ice frozen longest.
Present the materials you have available to the class. You may include some of the following: newspaper, plastic wrap, foil,
bubble wrap, thin cork, felt, cotton batting, styrofoam, etc. You may also want to allow students to bring in some materials
from home that they think would be effective.

As a class, discuss ways that you could test how well these materials work as insulators. Go with the students' ideas as long as
they are reasonable. Run the tests and have them record their data on their student worksheet.

Day 3: Slides 23-31 of the presentation
1. Test 1 (overnight)
a. Check and record the ice cube.
b. Observe which cooler keeps the ice frozen longest.
2. Analyze & Reflect 1 (15 min)
a. Discuss results and what design features worked best.
b. Relate findings to real-world coolers and insulation.
3. Modifications Day 1
4. Test 2 (overnight)
a. Check and record the ice cube.
b. Observe which cooler keeps the ice frozen longest.
Testing the prototypes
The students will analyze the results of testing their designs. Students will get $5 Science dollars for any modifications they
need to make.

Reason

When the tests are complete, students will discuss their results with at least two other groups and record a brief description of
the other models and their final change in temperature.

As a class, discuss the success of the first test. Which group saw the smallest change in temperature? What materials did they
use?

Communicate
Each group will analyze the test results by writing a brief sentence or two on their engineering form about how well their house
performed compared to the other groups' houses.
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Day 4: Slides 32-37

1. Test 1 (overnight)
a. Check and record the ice cube.
b. Observe which cooler keeps the ice frozen longest.

2. Analyze & Reflect 1 (15 min)
a. Discuss results and what design features worked best.
b. Relate findings to real-world coolers and insulation.

3. Analyze and Reflect Day 3

Reason
Students will analyze their results, critique their designs, and compare them to the results of the other students in the class.

You may want to give each team one or two minutes to briefly explain what they did and how well it worked.

Communicate:
Ask students to write a final statement identifying the characteristics of the most successful designs.

POSSIBLE EXTENSIONS/ALTERNATIVE ADAPTATIONS

Extensions (for enrichment or challenge)

1. Data Analysis Extension
e Activity: Students graph melting rates for each design and perform basic statistical analysis (mean, median, outlier identification).
e Purpose: Builds data literacy and higher-order thinking per Marzano’s strategies for analyzing and representing data.

2. Real-World Connection
e Activity: Research and present on real-world insulation (e.g., spacesuits, Antarctic research stations, or green building design).
e Purpose: Connects classroom content to authentic STEM careers and applications (Ten Steps to Complex Learning, Step 10: Transfer).

3. lterative Engineering Challenge
e Activity: Add a third round of redesign, requiring teams to incorporate feedback from another group AND one “wild card” material.
e Purpose: Deepens engagement with the engineering design cycle and collaborative problem-solving (PLC at Work).

4. Environmental Impact Analysis
e Activity: Compare the environmental impact of chosen materials. Propose modifications for a “green” penguin shelter.
e Purpose: Develops systems thinking and cross-curricular links to sustainability.

5. Communication & Persuasion
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e Activity: Prepare a brief pitch to “sell” their shelter design to the Hogle Zoo, including data and visual aids.
e Purpose: Builds communication, argumentation, and presentation skills (Marzano: Generating and Testing Hypotheses).

Modifications (for accessibility and support)

1. Scaffolded Instructions
e Modification: Provide step-by-step checklists with visual icons for each phase.
e Purpose: Supports executive function and task management (UDL Principle: Multiple Means of Representation).

2. Sentence Starters & Word Banks
e Modification: Offer structured sentence stems and vocabulary banks for all written responses.
e Purpose: Lowers language barriers and supports ELLs or students with IEPs.

3. Visual Supports
e Modification: Include diagrams or photo exemplars of shelters and insulation methods.
e Purpose: Supports visual learners and students with reading challenges.

4. Flexible Grouping
e Modification: Allow for pairs instead of groups, or assign specific roles (designer, builder, recorder, presenter) to ensure participation.
e Purpose: Increases engagement and equity in collaborative work.

5. Alternative Output
e Modification: Permit oral explanations, video submissions, or illustrated explanations instead of written reports.
e Purpose: Supports diverse learning preferences and students with writing disabilities.

6. Material Adaptations
e Modification: Pre-cut materials or provide adaptive tools (e.g., easy-grip scissors) as needed.
e Purpose: Increases physical accessibility for students with fine motor challenges.

7. Guided Data Collection
e Modification: Provide data tables partially filled in, or use color-coded measuring tools.
e Purpose: Reduces cognitive load and aids students who struggle with math or organization.

This lesson was created by Megan Sitterud, Karen Pineda, Westen Miller, Kris Ericksen, and Maggie Grindstaff
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