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UNIT OVERVIEW

Introduction and Background

Studentsdé alternative conceptions of heat
persist through sclod. Because of the young age at which children experience warmth,
experience being cold, and experience touching hot or cold things, naive conceptions of
heat, temperature and heat transfer are often resistant to change. Even young children

an

intuitivelydewe | op a Aframework theory of physicso t

they experience. The ongp®pular caloric theory that heat is a substance made of

particles that flow still dominates chil dren

measure tempature, not understanding the kinetic theory and its implications in heat
transfer. The belief that cold is a substance that moves is prevalent with middle and high
school students. These students also think that metal objects are naturally colder than
plastic ones because metal attracts the cold. The directionality of heat transfer is not
understood because heat is not seen to be a form of energy. Without explicit interventions
designed to target these alternative conceptions, chances are that thessistlime

adulthood.

This STEM Teaching Kit(STK) is designed to helmiddle gradestudents with science
concepts related to heat and energy as well as teach them the basics of engineering
design. They also come away with a sense of how engineersauie pvho design

solutionsto problem he studentsdé goal is to design
shaped penguin that reduces heat transfer and keeps the ice from melting.

In Save the Pengusnthe broad context global climate changeéstudens learn that the
energy we use to heat and cool our houses comes from power plants, most of which use
fossil fuels to convert chemical energy to electrical energy. The burning of fossil fuels
has been linked to increased levels of carbon dioxide in thesptmare, which in turn has
been linked to increases in global temperature. This change in temperature has
widespread effects upon life on Earth. Penguins live in the southern hemisphere,
primarily on the icy continent of Antarctica. As the Earth warmsieadnelts, penguins
lose habitat. Therefore, students see that be#signed houses that use less energy for
heating and coolinganhave an effect on penguins. Energy efficient houses that
minimize unnecessary heat transfer will draw less electri@ty the fossil fuel burning
power plants and not contribute as much to globalate change

Designibased science learning reflects the social constructivist theory of learning by
having students work collaboratively in groups to solve problems and ecinsbtutions,
but learn certain skills through the modeling of their teackénen students are involved
in engineering desighased activities, they are not being told what totdey are
creating and innovating, making decisions with their peers lmas#ueir underlying
knowledge. The role of the teacher is to guide students through their deneskomg
processes and model new skills to be learned.
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Through engineering design activities, students create their own knowledge of scientific
principles tmough active manipulation and testing of materials and ideas. But because
students come to school with their own understandings about the world and how it works,
their understandings may not resemble those of scientists. The teacher must provide the
opporunities for students to challenge and internally modify their prior beliefs.

Therefore, social constructivists see that the role of the teacher is to help learners
construct their knowledge through scaffolding and coaching. Social constructivists see
thatlearners construct meaning through active engagement, not passive listening.
Learners use and apply their knowledge to carry out investigations and create artifacts
that represent their understanding. Learners work within a social context as they use
language to express and debate their ideas. Learners engage in authentic tasks that are
relevant to the student and connected with their lives outside of the school setting.

Teaching Strategies
DesignBased Science

In designbased science activities, tleather does not tell the students what to build.

Instead, the teacher serves as a facilitator and allows students to take the primary lead in

their own learnin@s they apply scientific concepts to engineering design problems

Problem solving through authet i ¢ t asks that relsstudentt o st ude:
interest and deepswonceptual knowledge

Wholeclass demonstrations

While you may be tempted to jump into the design activity and skip over the
demonstrations, please do not. The demonstrafioovide the cognitive scaffolding
necessary for students to link the design challenge with the complex science of heat
transfer. They present students with cognitive dissonance through discrepant events; the
opportunity to face their conceptions of haatl refine any incorrect ones is imperative

for the success of thBTEM Teaching KitWithout the demonstrations and discussions
that surround them, students will take away a fun activity that may or may not help them
understandhe science, or understhwhat engineers do. With the demonstrations,

students willgainincreased conceptual understanding about thermal energy, heat
transfer, and temperature.

Cooperative Learning Groups

Ideally, students should be placed in sngabbups of threer four. Eadh student should

be assigned a role in theogip, such as material collector or money handgher allow
students to pick their own groups, or assign them based on what you know about how
your students get along and work together. Since students wilbitkéng with the same
group members for the duration of thisit, it is best if the students like one another and
work well together. Have students sit together with their group members from the
beginning of this unjtideally around a table where thegnceach see and talk to one
another
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Assessment

In the Save the PenguirSTEM Teaching Kit, assessment is an integral part of
instruction and consists of two types:

A. Formative assessmeintembedded within the lessons, providoantinual feedback
to the eachers and students for improving instructlarthis unit, formative
assessments include:
0 Wholegroup discussionsinvolvingsudent s6 predictions of
happen during demonstrations arddback from students/groups
following each demonstration
o Measuring the amount of penguin ice cu
s t u d e@esigniagdan energy efficient penguin dwelling
o Storyboardingluring each lessom storyboard is like a comic strip in
that it tells a story through drawings and words digidp into sections
that flow logically. Each time students learn a new concept, do an
experiment, create a design, or test a design, it should be recorded on the
storyboard for teachers and students to see and comment on. Ideally, the
storyboard is on thevall for easy viewing.

B. Summative assessménan evaluation of cumulative performance, given as written
tests before and after the wunit to deter mi
transfer conceptd.eachers should have each student completeHfiat Transfer
Evaluatiord at the start of the unit, collect the assessments, score them, but do not
return or discuss them with t hmstussentdent s.
is based on misconceptions research and has been assessed for face and content
validity, construct validity, and reliability. The same evaluation will be given to each
student at the end of the unit. Collect the fiests, score thenand compige each
s t u d perea dnd postest scores. The assessment will provide the teacher with
information about st udeRotnom@informatian@aboate pt i ons
this instrument and correct answers, contact Christine Schnittka at
Schnittka@auburn.edu

Safety considerations

Caution students not to touch heat lamps duasimgof the demonstratiors during the
testing of designer materialsThe surface of the heat lamp and surrounding dome can
causesignificant skin burns if touched during or immediately after liss@u use heat
lamps with clamps, consider clamping them to ring stands or other stati@wacgs to
reduce the need for handling them.

Technology

A computer with speakers, &&D projectorandscreerwill be needed to show
PowerPoint presentations and videdklaptops or tablets are available, encourage the use
of the social networking educational space, Edmodo. @awe.edmodo.conand set p
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Correlation to Standards
The Save the PeuinsSTEM Teaching Kit is based on standards derived froniNinet

Generation Science Standards, agional Science Education Standards, the
Benchmarks for Science Literacy, and Standards for Technological Literacy.

CONTENT RELATED TO

STANDARD GRADE LEVEL SAVE THE PENGUINETK
Next Generation  Grades 34 3-ESS31. Make a claim about the merit of a design soluti
Science Standards that reduces the impacts of a weatredated hazard.

3-5-ETSZX1. Define a simple design problem reflecting a
need o a want that includes specified criteria for success
constraints on materials, time, or cost.

3-5-ETS12. Generate and compare multiple possible
solutions to a problem based on how well each is likely tc
meet the criteria and constraints of thelgem.

3-5-ETS1:3. Plan and carry out fair tests in which variable
are controlled and failure points are considered to identify
aspects of a model or prototype that can be improved.

4-PS32. Make observations to provide evidence that enel
canbe transferred from place to place by sound, light, het
and electric currents.

Next Generation Grades 63 MS-PS42. Develop and use a model to describe that wav
Science Standards are reflected, absorbed, or transmitted through various
materials.

MS-PS33. Apply scientific principles to design, construct,
and test a device that either minimizes or maximizes ther
energy transfer.

MS-PS34. Plan an investigation to determine the
relationships among the energy transferred, the type of
matter the mass, and the change in the average kinetic
energy of the particles as measured by the temperature c
sample.

MS-ETSZ1. Define the criteria and constraints of a desigi
problem with sufficient precision to ensure a successful
solution, takingnto account relevant scientific principles
and potential impacts on people and the natural environn
that may limit possible solutions.

MS-ETS21-2. Evaluate competing design solutions using a
systematic process to determine how well they meet the
criteria and constraints of the problem.
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MS-ETS13. Analyze data from tests to determine
similarities and differences among several design solutiot
to identify the best characteristics of each that can be
combined into a new solution to better meetdtieria for
success.

MS-ETSZ14. Develop a model to generate data for iterativ
testing and modification of a proposed object, tool, or
process such that an optimal design can be achieved.

National Science  Grades 5
Education
Standards

Physica Science Content Standard B

1. Heat moves in predictable ways, flowing from warmer
objects to cooler ones, until both reach the same tempere

2. Light interacts with matter by absorption or reflection.

Benchmarks for Grades
Science Literacy

Chapter 4E

1. Energy cannot be created or destroyed, but only chanc
from one form into another.

2. Most of what goes on i1
form of energy being transformed into another.

3. Energy in the form of heat is abst always one of the
products of an energy transformation.

4. Heat can be transferred through materials by the collisi
of atoms or across space by radiation.

5. If the material is fluid, currents will be set up in it that ai
in the transfer of .

6. Heat energy is the disorderly motion of molecules.

Standards for Grades 68
Technological
Literacy

Standard 8: Design is a creative planning process that le
to useful products and systems. There is no perfect desi
Requirements foa design are made up of criteria and
constraints.

Standard 9: Design involves a set of steps which can be
performed in different sequences and repeated atedee
Brainstorming is a group probleswolving design process in
which each person in the group presents his or her ideas
open forum. Modeling, testing, evaluating and modifying i
used to transform ideas into practical solutions.

Standard 10: Toubleshooting is a problesolving method
used to identify the cause of a malfunction in a technolog
system. Invention is the process of turning ideas and
imagination into devices and systems. Some technologici
problems are best solved through experitation.
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UNIT SUMMARY

UNIT BIG IDEAS
Heat transfers in predictable ways
Engineers follow a general process to design solutions to problems.

LESSON 17 Learning Targets

Introduction and Insulation
Heat transfers from aas of high temperatures to areas of lower temperature.
Insulators slow dowthe rate oheat transfer.
Engineersnust identify the problem in order to solve it.

LESSON 27 Learning Targets
Conduction,Radiation, and Convection
Heattransfers in three different ways.
Engineersnust research and understand the problem in order to solve it

LESSON 3i Learning Targets
Review of Heat Transfer and Introduction to Experimental Design
Materials affect the rate of Aetransfer.
Different materials vary in their ability to reduce heat transfer.
Engineersnust use their knowledge of science to brainstorm possible solutions
to the problem.

LESSON 47 Learning Targets
DeS|gn and Construct Penguin Dwigs
Materials can be used in conjunction with one another to affect the rate of heat
transfer.
Different materials prevent different types of heat transfer.
Engineersvork within constraints (time, materials, space, money)used
sdentific knowledge and creativity to design solutions to problems.

LESSON 57 Learning Targets
Test Penguin Dwellings, Rdesign and Final Testing
- Scientific knowledge can be used in the design, construction, and evaluation of
a device.
Engneering is an iterate process of designing, testimgsdesigning and re
testing
Engineers must document their process of design and present their solution to
the problem.

Each Lesson is designed for-80 minutes of instruction. Lessons dd necessarily
correspond to a single day of instruction and may need to be adjusted depending on
length of class periods.
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LESSONl
Introduction and Insulation

Learning Targets
1. Heat transfers from areas of high temperatures to areas of lower temperature
2. Insulators slow down heat transfer.
3. Engineers must identify the problem in order to solve it.

Purpose of the Lesson
1. Introduce students to the environmental conditions affecting penguins, the way
global climate changeas beetied to energy consumptioand the role
engineering can play in helping both the environment and penguins.
2. Provide a series of discrepant event demonstrations related to heat tratisfer
allow students to form an understanding of insulation, heat, and temperature.
3. Introduce studnts to storyboarding.

Lesson Objectives
At the end of this lesson, students will be able to:

1 Explainthatglobalclimate changés related tavarmer temperatures ataks of ice at
the Earthoés pol es.

1 Explainhow humansnay be contributingo globalclimate change

1 Brainstorm ways engineers might be ablesduce energy ugbrough the design of
more energy efficient buildings.

1 Defineheat as the transfer of thermal energy.
1 Define temperature as indicationof how hot or cold it is in a particular laton.

1 Explain the difference between heat and temperakigat is the transfer of thermal
energyé heat, by definition, moves. Temper
different scales such as Fahrenheit or Celsius, and it is a m#asuralicates the
themal energy there igta particular point

9 Demonstrate that some materials are better insulators than others, i.e. felt insulates
better than foillnsulators reduce heat transfer.

1 Apply knowledge that some materials are better than others at reductrangfer of
thermal energyhan others

1 Compare different materials to determine which ones are betedatingheat
transfer.
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Lesson in a Nutshell
1. Preassessment on Heltansfer(10 minutes)
2. Save the Penquirstroduction PowerPoin30 minutes)
3. Introduction to Storyboard postér5 minutes)
4. Demonstration I SodaCan Demo (20 minutes)

Background

Heat: Heat is the transfer of thermal energy. Thermal energy exists when something is in
motion, and when the atoms or molecules in a substance vilstates and molecules

have kinetic energy, which creates thermal energy. The amount of thermal energy
something has is the sum of the kinetic ener
of water has more thermal energy than a sink of water when the water is the same
temperature in both. As something loses thermal energy, these vibrations slow down. As
something gains thermal energy, these vibrations increase. If enough thermal energy is
added to a substance, the vibrations may even cause a solid material to lose its form and
melt, or a liquid substance to evaporate, or a gaseous substance to expardiséance
between particles increases. Thermal energy can be transferred from one place to another
when there is a temperature difference. Heat transfer always occurs from the place where
there is a higher temperature to the place where it is coddeat.tkansfer in a bathtub

occurs from the hot water to the cooler, torthe cooler flooyto the cooler tub sides, and

to the cooler person in the water.

Heat & the study of:
1 processes by which thermal energy is exchanged between two bodies
1 related clanges and resulting states of those bodies
Heat B primarily focused on:
1 temperaturelifferences between places or things
71 flow, or the movement of that thermal energy
Heat & driven by:
i differencesn temperaturgheattransferdrom high to low temperaterregions

Temperature: Temperature is a measure of the average kinetic energy that the particles
in a substance have at a particular locate.call highaveragekinetic energyi hot 6 and
| ow aver age ki nThereiare many aleg ysedtedstre terdperature.

In the Kelvin scale, 0 degrees Kelvin represents the absence of all kinetic energy, the
absence of all molecular or atomic vibrations. A cup of boiling water may have a higher
temperature than a bathtub of warm water because the avenagc energy of the

particles is higher. However, if you were to sum up the kinetic energy of all the water
molecules in the tub, it would no doubt have a higher total thermal etieygy.imagine

a room full of people with candy in their pockesnperature is like countinipe candy
thatone person itheroom has in his or her pockd&twtal thermal energy is like counting

all the candythat everyone in the room has and adding it alHeat transfer is like the

flow of candyfrom acandy store tpeople who fill their pockets!

Heat Insulator: A material that reduces the rate of heat transfer.
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Teacher Materials

Save the Penguir@owerPoint

Computer connected to LCD projectardaspeaker system
Six-pack of canned soda, cooleda refrigerator overnight
1 Wool Sock

1 Cotton Sock

1 roll Aluminum Foill

1 roll Paper Towel

1 roll Plastic Wrap

6 Instant Read Digital Thermomeser

E R

Student Materials (for each group)
1 % sheet poster board
1 1 box colored markers or pencils

Preparation
1. Photocopy thédeat Transfer Evaluatiofre Testfor studentgdownload from
Internet or see Appendix B)

2. Prepare Demonstratiorl#
a. Cool a sixpack of canned soft drinks in a refrigerator overnigkiso,
measure the temperature of the refrigerator. Most are ~40 degrees F.
b. At least one hour before clagsmove the cans awdrap eaclonein one
of the following materials: wool sé&¢cotton sock, aluminum foil, paper
towel (secured with scotch tape), plastic wrap, and nothing (your control).
c. Place each can in a paper lunch bag and label each bag.

3. Prepare aata tabldor recording temperaturesThe data table can be weitt on
theboard, on an interactive whiteboaad,you can use the providé&ckcel
Document

4. Review the slide notes in tlgave the PenquizowerPoint.

Procedures
1. Have students complete thieat Transfer EvaluatioPreTest

2. Present th&ave the Penguins PowerPoifingag studentsn a teacheguided
discussiorusing the acussion prompts in the slide notes of the PowerPoint.

3. Distributeone blank poster board to each group drahsstudentan example of a
completed siryboard Have groups develop a team name and write it at the top
of their storyboardExplain that each time students learn a new concept, do an
experiment, create a design, or test a design, it should be recorded on the
storyboard for teachers and stndk to see and comment on.
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Teacher noteUse of storyboards in the engineering design process provides a
visual experience that helps students conceptualize each of the steps needed to

understand each part of the eoryloardse fASave

allow the students to break down each important concept and provide key
formative assessments throughout each of the lessons. Three points are covered in
the engineering design process with the use of the storyboards: Finding Solutions,
Developimg an Initial Design and Presenting your Design at the end of the lesson.
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Sample Storyboard

4. Pose the following dilemma to the students:

You are going on a field trip and must pack a lunch to take with you. You put a
can of cold soda in your lunch bag in the mornimg, when you opened your
lunch later that day the soda was warm! What happened?

Teacher NoteNow is a good time to address the following misconception
students may hold about heat transfer.

AfKeeping the Col dstudend maylibebecedhtheirengethod o n :
will keep the cold in the can. To address this misconception, remind them that only
heat (not cold) transfers. If only heat can transfer, what is their method really
doing? Ultimately it is keeping the heat out of the can NOT keeping lthendbe

can.
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5. Discuss the difference between heat and temperature.

Teacher NoteNow is a good time to address the following misconception
students may hold about heat transfer.

AHeat and Temperature are Sdmestullenthe Thi ngo
may think that temperature gets transferred since temperature changes. Many use

the words interchangeably and do not understand their true meaning. Use the

below descriptions (and information provided in the background section) to help

students understandeht and tempature andthe difference between the two.

1 Heati The transfer of thermal energy
1 Temperaturé An indication of the amount of energy in a location

6. Have each group write the defions of Heat and Temperaturetire first box on
their storylmard.

7. Tell students that you have designed an experiment with some things found around
your househat you thought might be good at keeping a canned drink cold. Bring
out the six lunch bags and show students what is inside each bag.

The Cans Demo

8. Ask studentdo work with their team tanake predictions. Ugbe following
guestionon a piece of pap€or in their science journals)
1 Rank the materialsom most effective to least effective at keeping the cans
cold.
1 Why do you think your topanked matrial will work the best?
1 Why do you think your lowestanked material will not work?

9. Have goups present their predictions and explanasio\s the groups present,
address any misconceptions students may have about heat transfer.
Teacher NoteBelow B a list of common misconceptions students may hold
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AKeeping the Col d studenb maylbekecedharihenpthod o n :
will keepthe coldin the can. To address thisisconceptionremind them that
only heat(not cold)transfers. If only heatan transfer, what is their method
really doing?Ultimately it is keeping the heat out of the can NOT keeping the
cold in the can.

AWool Adds War mt A studdhingay tbink that thé wool sock
will warm up the soda canThis misconception sterfiem the idea that warm
clothing wool sockssupposedly warsup their feet in the wintertim@o

address this misconceptiogxplain to studenthatwhen you put on socks, your
feet feel warmer because the socks are trapping in the heat your boditirsgem
they are not producing their own hediskstudentsiHow would this sock keep a
soda war m?o0

ATraditionso Misconception:A student mapelieve that iminum foilwill work
the best becaustudents maliave witnessed thegarentwrapping sodas in
aluminum foil in the pastTo address this misconceptioemindstudentghat
traditions get passed down for generations without quesinohthat today they
will have the opportunity tquestion the tradition.

10.Open the tops of all soda cans, but doumatrap the canslnvite student
volunteerdo insert digital thermometers and record the tempersturéhe data

table
The Effect of Different Insulators on Soda Temperature

Material Temperature of soda Temperature of soda after

after Refrigeration (°F) | one hour of insulation (°F)
Wool sock 40.0 59.6
Paper towel 40.0 60.4
Aluminum 40.0 61.3
Plastic wrap 40.0 62.1
Cotton sock 40.0 63.5
Nothing 40.0 64.2

Sample Temphte
Template for Recording Temperatures

Extension
Math Connection Thedata acquired from Lessorptovides the opptunity to
discuss Fahrenheit to Celsius conversiodave students develop graphs to
determine:
1 Box and whisker plots for each can over time
1 Therelationship betweetime and temperature
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11.You may want to sk studentd they know whyyou decided to comparthe
results with a bare soda can. You may wantgoussthe value of having a control
when experimenting with materialBhis discussion could help students later in
the curriculum when they start testing materials for their penguin dwellings.

12.0nce ditemperatures are enter@deate a bar graplf.you are using afxcel
spreadshedb record the data, you can use the gnaihy to create a bar graph
and record temperaturasdifferent times

Temperature at Time 1

65

63 —

°F

62 | —

61 —

Temperature,

59 A —

58

Wool Paper Aluminum Plastic Cotton Nothing
sock towel wrap sock

Soda temperaturesafter severalhours outside refrigerator in paper bag

13. Discuss resultwith your students and ask them the following questions:
1 Why do you think the wool sock reduced heat transfer better than the
cotton sock?
1 Mateials that can decrease the rate of energy transfer are called insulators.
What properties might the wool sock and paper towel have in common that
make them good insulators?
1 Why s it better to wear wool in the winter than cotton?
1 Based on our results, wiin materials can be called insulators?
Teacher NoteAll of the materials in the demonstration can be considered
insulators to some extent because they all performed better than the control.
However, wol and plush paper towelingathe besinsulatorsbecause they trap
air and prevent the air from moving around.fact, paper is made up of dried up
hollow cells from plant matter allows for many pockets of trappedaireral
real-world examples of insulators students may be familiar intthude

1 Pink or yellow fiberglass insulatiors used in houselsecause it has a
great ability to trap air.

1 Builders mayblow paper pulp into attics to keep heat from transferring
into or out of a house.
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1 Dog shelters line kennels with shredded newspaper or woothgkawe
prevent the thermal energy from the anim@i®dies from escaping.

14.Have each group record the results from Demonstration #1 as thdustsation
on their storyboard, an@cord the definition of insulators on their storyboards.

Heat Insulator: A material that reduces the rate of heat transfer.

Teacher Note Some materials used in this demonstratitay be equivalent
insulators Therefore asecond measurememiay helpdiscriminate the small
differences between some materidld. y a bavediment@ repeat the
measurements with your clagsu cando it yourselfor use the same cans of soda
all day with different classeand report the values the next day for further
discussion

Wrap-Up

Wrap up the lesson with a review of the learrtengets. Ask students:
T Some people say that heat transfer al ways
a 60 i Mhat dwes this really mean?
Some things slow dowthe rate oheat transfer. Can you nhame some?
Which is better at slowing dowthe rate oheattransfer, a wool sock or a cotton
sock?
1 Next time you bring a cold drink or an ice cream sandwich to school for lunch,
what can you wrap it in to keep it cold?

T
T

T The wool socké what did it slow down?
T Did the wool sock trap Acol dnesso?
1 Could there be any soees of error measuring the can temperatures? How could
we find out?
1 Why did we include a can with no wrapping in the experiment?
1 Why do people wear wool in the winter, and cotton in the summer?
1 What does any of this have to do with penguins?
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LESSON 2
Conduction, Radiation, and Convection

Learning Targets
1. Heat transfers in three different ways
2. Engineers must research and understand the problem in order to.solve it

Purpose of the Lesson
1. Introduce students to the concept of heat transfer through derduadiation,
and convection.
2. Provide a series of discrepant event demonstrations related to heat transfer that
allow students to understand how:
Heat transfers from warmer to cooler objects
Certain materials are better heat conductors than others
Certan materials reflect or absorb radiation
Convectiorhappens when fluids (liquids or gases) sink or rise.

oo op

Lesson Objectives
At the end of this lesson, students will be able to:
1 Define conduction as the transfer of thermal energy through a solid material.

1 Explainthatthermal energy moves from areas of higher temperature to areas of lower
temperature.

9 Demonstrate that some materials are better conductors than others, i.e. metals conduct
heat better than wood.

1 Explainthatthermal energy transfers througiblid materialdbecauseibrating atoms
collide with each other.

1 Define radiation as the transfer of thermal energy through space.

1 Explain that when dark objects absorb radiation, this energgrisformednto
thermal energy.

1 Demonstrate that materialsat are light colored or shiny reflect radiation.
9 Demonstrate that some materials are better at reflecting radiation than others.

1 Define convection as theaythermal energgets transferred in a fluid (gas or liquid)
when the fluid sinks or risesTéacher note This is because cold fluids adenser
than warmer ones, and they singushing warmer fluids up.

Lesson in a Nutshell
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Review insulation demonstration from day before (10 minutes)
Demonstration 2 Trays demd10 minutes)

Demonstration 3 Spans demd15 minutes)

Demonstration 4 Black-roofed house dem@0 minutes)
Demonstration % Space blankedlemo(5 minutes)

Documenting learning ostoryboard 10 minutes)

ogrwNE

Background
Heat Insulator: A material that reduces the rate of heat transfer.

Heat Conductor: A material that increases the rate of heat transfer.

Conduction: Conduction is the way thermal energy transfers from one substance to

another by direct contact. It can be the direct contact between solids, or between a solid

and a fluid. Knetic energy is transferred tee higher temperaturatoms omolecules

vibrate anccollide with cooleratoms or moleculesvarming them up anchcreasing thie
kineticenergyd War mt ho i s an indication of how much
level.

Convectiont Convection occurs when fluids (gases or liquglek or rise because the
cooler fluid is denser and sinks. When this happens, the cooler fluid pushes up the
warmer fluid and it rises

Radiation: Radiation is the transfer of energy in thenficof electromagnetic waves.
Visible light and infrared light are both forms of radiation that transfer heat.

Teacher Materials

1 1 wooden or plastic tray
1 silver tray
2 aquarium thermometer strips
1 cardboard house
1 metal light bulb encasement
1 1 60W licht bulb

T
T
il
T

Student Materials (for each group)

2 penguinshaped ice culse

1 silver or stainless steel spoon (sileessilverplateis preferred)
1 plastic spoon

Paper towels

1 doryboard(from Lesson 1)

1 box colored markers or pencils

= =4 =4 -8 8 9

Preparation
1. Preparedr Demonstration #2:
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a. Tape an aquarium thermometer strip to the underside oteacEnsure
that each striplisplays room temperature.

2. Prepare for Demonstration #3:

a. Make penguirshaped ice cubes the night before so they can be used in a
demonstration othis day. Itis not necessary fioeeze penguins usirgy
specific amount of water for this demonstratiBe.sure to freeze two
penguinger group of students for each class.

3. Prepare for Demonstratis#4 and #5

Construct a cardboard house with a roof.

Paint the roof black.

Cut a flap in the bottom so you can cool the house off quickly.

Insert a thermometer in the attic space and another near the floor of the

house.

e. Cut a piece of Mylar space blanket so that it drapes over the roof and
covers all tle black paint.

f. Draw a data table on the board (or use Ercéhteractive white bard)

oo op

4. Copy the Exit Card on page 27 (one per student) for distribution at the end of this

lesson.
Procedures
1. Pass around both traymétalandplastiq. Allow all studens to feel the trays and
ask students, AWhich tray is colder?0 Acc

2. Show students the thermometer strips taped to the back of each tray. Have
students look at the strips and verify that the trays are the same temperature.

3. Engage studenta a discussion and ask students the following:
1 If both trays are at the same temperature, what happened that made you
think it was colder?
1 This tray is made of silver (or steel). Do you think this material would
have kept our soda can cold yesterday? \&ywhy not?

4. Have students watch the followinguTubevideo. Itshows adults being posed
the same situation and thinking metal is naturally colder.
http://www.youtube.com/watch?v=vgDbMEdLICs

5. Explain that metal§includingsilver or steel) are not insulators, Imatve special
properties that makthem thermal conductors. Thermal condrgcteork just the
opposite oinsulators and speed up the rate of heat trafsiier a warmer place
to a colde place. When you touch a metal object that is colder than your body
temperature, heat transfers away from your hand; thus, the metal feels cold.
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6. Pass out a silver spoon and a plastic spoon to each group of samteatk
students to plaxit on their beek. Then asthe following two questions:
1 Whichspoon feels acaler?
1 Which spoon do you think will worthebest at keeping an ice cube cold?

TeacherNote: Both spoons are at room temperature, but studeratgbelieve the
silver (or stainless steel) spo to be colder. When posed with the second question
many will predict that the silver (or stainless steel) spoon will keep the ice cube
cooler because they believe the spoon to feel colder.

7. Pass outwo penguinshaped ice cubgeergroup Place amce abein each
spoon and havstudents take turns holding the spoons in their htordbree
minutes Provide paper toweling for drips.

Silver and plastic spoons with penguirshaped ice cubes

8. Have a classroom discussion about the phenomenon studeetieeged. Ask
students
1 Which spoon made the ice melt faster?
1 Whydo you think the silver spoon made the ice melt more quickly
1 What is causing the ice to melt?
1

Would a penguin shaped ice cube last longer sitting on a metal surface or a
plastic surfaceWhy?

Teacher NoteThe metal spoon feels colder because it is a good conductor. The
metalispul | i ng heat hihndshos giviligehens theufeklangdf seidg
cold. This conduction from the hand to the spoon in turn heats up the spoon to a
point that melts the ice.

9. Collect the spoons, ice cubes, and paper towtslgestudentsvork on their
storyboards by writinghe definition of conduction and add a drawing of the
spoons with arrows showing the direction of heat trangisk students:

1 If you had the most powerful microscope in the world, what do you think
you would see when heat transfers from your hand to the ice cube?
1 If heat is not a substance or a fluid, as people used to think, what is it?
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Conduction: Conduction is the way thermahergy transfers from one substance
to another by direct contact.

Student drawing of spoon demonstration

10. Line six students up in front of the classdemonstrate conductiomell the
student at one end that he is wgparhaps a student with a redrgh and tell the
student at the other end that she is ¢p&thaps a student with a blue shiAsk
the warm student to shake from side to side and tell students that if they get
bumped, they have to start shaking side to sideBweentually all studets will be
shaking.

11. Ask students the following questians
1 What do the students represent in this model?
1 What does this model tell us abae wayheat transfers?

Teacher Note This is a demonstration that allows students to model how heat
transfers. The students represent atoms or molecules. The model shows students
that heat transfers through solid materials because the atoms vibrate and collide
with one another.

12.Show students the cardboard houbesert thermometers into the attic space and
the irst floor spaceShow them the thermometers and have someone record the
temperatures in the attic and lower floor.

13. Position theshoplight abovethe cardboard housgpproximately 12 1 8 06 abov e
the roof but do not turn on the light

14.Turn on the shofight so that it shines on the black rodake the temperature of
theattic after 30 seconds. Then, ask students the following:

1 What is causing the temperature of the roof to increase?
1 Do you feel warm outside when you are wearing black?
1

In the wintertine, would you rather have a black roof or a white roof on your
house?
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Teacher NoteThe reason that dark colors get hot is the same reason that dark
colors are fAdark. o They absorb so much 1|
eyes!Dark colors absorbmore of the visible spectrutn.i ght col ors are il
because they reflect light so wélhey reflect more of the visible spectrired

things just reflect red light, and absorb the other colors of the rainbow. Black

things absorb all the colors of thainbow, all the colors in light, all the light

energy, ad transform the light energytm thermal energy.

15. Air out the house (by opening up the bottom and turning the house upside down).
Then dape the roof of the cardboard house with a piece of Mylaresplanket.
Explain that you are going to turn on the hot lamp again and ask students to
predict what will happen to the temperatofdéhe roof after the addition of the
Mylar blanket

The demo house with Mylar draped over black roof

16.Turn on the lam@and take the temperature of the roft¢a30 seconds. Ask
students the following:

1 Why did the roof not get as hot after the Mylar was draped on top?

1 Why is Mylar shiny?

1 If Mylar reflects light, how does that explain why the roof stays cool?

1 Would the esults be the same if we draped a white cloth over the roof?

Teacher noteMylar is a plastic that contains aluminuifbhe Mylar is a shiny
surface because it reflects light. Its ability to reflect light slows the transfer
of radiant energy (heat) to threof and thus the roof stays cooler. A white
cloth should have a similar effect. Try it if you have time!

17.Have student volunteer place their hand under the hot lamp. Then block the light
with the space blanket, and ask the student to describe t@#isendhat they felt.
You can try with a white cloth too, to see if it feels any different. Then ask
students:
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1 What happened to the light from the lamp?

18.Have students draw what they have observed on their storyboards in a new
square.

19.Introduce thesocabulay of the secondnethod of heat transfer, radiation. Tell
students that the black roof absorbed the radiation from the light source, but that
theMylar space blanket reflected the radiation away, keeping it out of the house.
One way to illustrate this i®thave students with a variety of shirt colors come to
the front of the classroom. Thrgvaperballsto the students and tell them that
you are throwingretendight particles.Tell studentsvearing dark colorso
catch the imaginarparticles of light and tell studentsvearing light colors to
swat them away. Ask:
1 Why do dark colors get so hot in the sun? Dark cars, parking lots?roof
1 Why do light colors stay cooler in the sun? Light cars, sidewalks, and roofs?
1 Why do you think this occurred?
1 How couldahomebuildetuse this information when building a new home?

20. Ask students the following questions:
1 How does Earth get its heat?
1 How does the heat from the sun get to Earth?
1 Does the Earth reflect radiation from the sun?
1 Whichparts of the Earthrefletth e most radiation? (the |
water, ice, clouds)

Teacher NoteThe Earth gets its heat from the sitnis transferred from the sun
through radiation. The clouds, snow, and water are all effective at reflecting the
radiation from the sun.

21.While the roof cools down,dve students complete a section of their storyboard
with the definition of radiation and a drawing of the house with arrows showing
how radiation was reflected off the Mylar space blanket.

Radiation: Radiation is the transf@f energy in the form of electromagnetic

waves. Visible light and infrared light are both forms of radiation that transfer
heat.X-rays and gamma rays and microwaves are other forms of electromagnetic
radiation, but they aneot produced by light bulbdl{fe sun produces them!)

22.Take the off the roof of the housAir it out to get rid of the warm air insidelse
the digital thermometers to taked record the initial temperature of #ieinside
theattic andair inside the firstloor on your data taklfor all students to see.

23.Turn a shop light on over the cardboard house. Invite two student volunteers to
read the temperature of the attic and of the floor Hs&tbnd intervals odbud to
the class while a third volunteer records the results oreatalale for the class to
seefor three tdfive minutes.
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24. Ask students Wiy is the attic of the housgetting so hdto

TeacherNote: The attic is getting hot because the black roof is absorbing
infrared and visible light radiation from the light. This faton is converted into
thermal energyn the roof. The air in the attic is getting hot because of
conductionthrough the cardboardThe hot roof transfers its energy to the air
next to it insideéhrough conduction tao

Some students may say that hoti@rising. The next demonstration will address
this phenomenon (convection), but it is important that students realize that in this
case, hot air rising is not causing the hot attic. Remind students that all air in the
house (at both the level of thedt and the roof) was the same temperature before
starting the experiment. Energy is being transferred from the light source to the
black roof, and thermal energy is conducting through the roof into the air of the
attic. The hot air does not fall and hehe lower part of the house because hot air
is less dense than cooler air.

25.Tell students, Aln Lesson 1 when we discu
preventing heat transfer in attic spaces. What tyeaf transfer does attic
insulation prevent?

26. Explain hat you are going to turn the house upside dovsk students tpredict
what will happen tahe temperature of the attic and the first floor.

27.Turn the house overThen have volunteersall out the falling temperature of the
attic space anthe rising temperature of the first floor spat&0-second
intervals until the attic and the floor reastuilibrium.Ask studentshe following
guestions:

1 Whathappened to the temperature of the affice floor?
1 Whydid this chage in temperature hpprf?

28.Tell students that heat transfers in any direction depending on where it is hot and
where it is cold. Inthe house, the hot air in the attic was rising because the cooler
air was sinking and pushing the hot air up. Tell students that this is called
convection

Teacher Note Beloware twocritical misconceptioaamong students with
regards to convection. Be sure to addrémssnnow.

iHe at Ri ses MiSsdenswil effen state thiaeatrises. To
address this misconception, remine student that heat is not a substance.
Explain that while hot air can rise, heat is the transfer of thermal energy.
Thermal energy transfer can occur in any direction (from hot areas to cooler
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areas).Hot air does not rise unless it is pushed up (disptdy sinking cooler
air.

ACol d Tr ansf erisStubients may thickehattbecausedaold air
sinks, that fAcoldnesso transfers. Remind
cold itself does not transfer. Energy transfers. Thermal energy transfers

29.Explain that conduction was one way that heat transfers, that radiation is another,
and that convection is the third way heat can transfer.

30.Have students complete a section of teryboardwith the definition of
convection and a drawing of the heusith arrows showing the direction heat
transferred when the house got flipped upside down.

Convectiont Convection occurs when moving fluids (gases or liquids) rise and fall
due to differences in densityWarmer fluids are less dense than colder ones,
because the particles in a warmer fluid are more spread out.

Wrap-Up

1. There are threways heat transfeoccurs. They areonduction, convection, and
radiation.

2. Conduction is what we saw during the silver spoon/tray demonstrations. Heat
was transferrethrough direct contadtom our warm hanslthrough a conductor
(themetaltray or metal spoon

3. Convection is what we saw during the upsitievn house demonstration. Hot air
risesbecauseooler air sinksGravity pulls the cooler air down.

4. Radiation is vinat we saw during thilylar house demonstration. Radiatigrthe
transfer ofenergyin the form of electromagnetradiation

5. Pass out the exit card below and have studamssver the questionEncourage
them to draw in order to illustrate their anssvéise this exit card as a form of
formative assessment (do not Agradeo it,
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Exit Card

Name

Answer the following questions with words and drawings.

1. Why does the sur
make you feel
warm?

2. How does meat
getheatedn a
frying pan?

3. Why does the
handle of a
saucepan get hot
when it is on the
stove?

4. Why do snoke
and hot air go up a
chimney?

5. Why does the
outside of a bowl of
soup get hot?

6. Why does the
roof of your car get
hot inthe sun?

7. On a bright,
sunny day, why
does the pavement
get very hot?

8. Why do you get
warm standing in
front of a fireplace?

9. Why is the
second floor of a
house usually hottel
than the first floor?

10. On a hot day
would you rather
have a ck

umbrella to keep
cool or one made of
Mylar? Why?

11. Why is the black
pavement in a
parking lot hotter to
walk on than the
concrete sidewalk?

12. In a fish tank, a
small heater in one
corner makes all the
water warm. How?

There is often no ongght answer to théwelve questions above. Sometimes, multiple
methods of heat transfer explain the phenomenon. Usthmativeassessment to

determi ne

your

student séb

current

|l evel
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LESSON 3
Introduction to Experimental Design

Learning Targets
1. Materials affect the rate of heat transfer
2. Different materials vary in their ability to reduce heat transfer
3. Engineersnust use their knowledge of science to brainstorm possible solutions to
the problem.

Purpose of the Lesson
1. Review the lhiree methods of heat transfer
2. Introduce students to the materials
3. Model how to conduct experiments with the materials
4. Allow studensto experiment with materials

Lesson Objectives
At the end of this lesson, students will be able to:

1 Compare the differenhaterials to determine which ones are better at preventing
heat transfer
1 Discern which type of heatansfereach material prevents

Lesson in a Nutshell

Review exit card on methods of heat transfer (15 minutes)

Introduce students to kit of materials (5nmies)

Model how to conduct experiments at experimentation stations (15 minutes)
Students test materials and keep records of their work on storyboard (30 minutes)
Teacher and students discuss all the experiments done in class this day (10
minutes)

arwnE

Background
Encourage cooperation, not competition. Student groups could cooperate by testing
different materials or combinations of materials and sharing the results with the class.

Thehot boxis not needed until the dwellings are constructed and ready fimgtdsut it
is good for students to see thet boxin action and brainstorm ways to prevent heat
transfer given the conditions in thet box

Teacher Materials
1 7 Shop lights with clamp attachme(une for each student group
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1 lg. black plastic tub (ospraypainted box)
7 Instant Read Digital Thermometers

7 digital timers

7 sponges or paper towels (dampened)

1 roll heavyduty aluminum foll

= =4 =4 -8 A

Student Materials (for each group)
1 1 material kit boxhat contains a sample of each material
1 1 Storyboard (front.esson 1)
1 1 box colored markers or pencils

Preparation
1. Preparexperimental baggider each of your student groups. Edxdggieshould
includetwo3 0 x 3 0 s g waf eaeh nwatemedvdilable, including two cotton
balls and two wood sticks

2. Preparg hleotbh®» t hat will be usedTddothis,es't
use a black storage bin (or blagfray paited box) and line the inside with
heavyduty aluminum foil. Keep the black floor expose@ihen position four shop
lamps around the oute of thehot boxso that they shine on t®ttom and the
foil.

a1
The hot box

3. Set upat leasthree experimentation statiensis preferable to have one for each
student group Each station will need:
1 1doplbmpc|l amped t o a stftheacunertop cabi net
1 1digital timer
1 2 instant readligital thermometers
1 1 sponge or papaowel (dampened)

Procedures
1. Review exit cards from day befoidave students make corrections and glue the
card onto theistoryboardonce corrected.

2. Pass oumateral baggiego each student group.
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3. Explain thatthey are going to design and build an igloo that will keep a penguin
shaped ice cube from meltingBut first, they will work as engineers test the
different materials provided to see which materialy thay want to use in their

igloo designs.

Samplematerials

4. Show st ubothod st hhe Wil | Askdhestudentséoi r desi gns
identify all the forms of heat transfer that might take pko# explain where the
heat transfer will occur.

Teacher Note:Thehot boxallows for all three forms of heat transfer to occur:

RadiationT From thefour shop lights, lighteaches the little penguin dwellings,
and is alsaeflected off the foil sidesnto the little penguin dwellings

Conductioni The Hack-painted floorgets hot from the radiation, and then when
the little igloos sit on it, the heat conducts up into the dwelling.

Convectioni Currentsform as hot air rises off the black flo@nd falls into the
hot boxfrom the cooler room

5. Model howto properlyconduct experiments at experimentation statigxglain
to students that you will be measuring the temperature underneath each material
(or multiple materials simultaneouslg’ the light shines on the material.

Teacher Notelt is recommeded that teachers odel common errors students
should avoid.

Error 1- The sample is not blocking radiation.
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Todemonstratehis error, placesamples on the counter and place a
thermometer on top of eachtudents will frequently try this. Ask them
what is wrong with doing it this way?

Error 2- The temperature may be higher under osamplebecause more time

has elapsed.
Todemonstratehis, tse only one thermometer and take the temperatures
at different timesStudents will often not control for time. &urage the
use of a timer.

Error 3- The tabletop has gotten hot and is nalsotransferring heat.
To demonstrate this, show students how hot the counter or tabletop gets
when a light has been shining on it for a period of time. Encourage them
to TURN OFRhe light between trials, and move the testing area slightly
to a roomtemperature testing location.

Error 4- The thermometers artoohot. Theywon 6t cool down to roo
temperature.

Explain to students that the thermometers will get hot. Provide a wet

sponge on a plate, or a wad of wet paper toweling to quickly cool the

thermometers to room temperature after every use. You could provide a

cup of room temperature water, but it might spill!

Error 5- The thermometers artaking the temperature of the taél
Explain to students thatthey elevate the thermometers slightly with
cotton balls or sticks, they will measure the temperature of the air
underneath the sample, and not the table surface.

6. Have students set up their data taBbeplain thateach grap will keep track of
theirown experimental data. The data tablaylook like thig with each trial
representing two materials being tested at the same time with two thermometers

Materials Testing Data

) . Starting Temperature after 1 min.
Trial Material Temperature (°F) °F)
1 White Foam
Black Foam
2 Mylar
Aluminum

3 Black Paper
White Paper
SampleMaterials Testing Data Table
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7. After each group hasxperimented for 10 minutegive students hintsr
suggestions for testirgg needed:
1 Students can test combinations of different materials
1 Students can test combinations of the same material
1 Students will share their results with the class, so encourage them to test
something different than the other groups
1 Students can add conmaitions to their data table as demonstrated below:

Materials Testing Data

Starting Temperature after 1 min.
Temperature (°F) (°F)

Trial Material

4 White Foam
with Mylar
on top
Black Foam
with Mylar
on top

5 Two sheets
of Mylar
Two sheés
of Aluminum

6 Black Paper
on top of
Bubble Wrap
White Paper
on top of
Bubble Wrap

8. Discussthe experiments with the clage sure taiscuss the following:
1 Which materials performed better than others?
1 Why do you think these materialsrfmed better?

Wrap 17 Up
1. Havestudents t@reate another box on teryboardn which they list the three
materials that best prevented heat transfer and the three materialsréh&tast
effectiveat preventing heat transfer.
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LESSON4
Penguin Dwelings 1 Design and Construction

Learning Targets
1. Materials can be used in conjunction with one another to affect the rate of heat
transfer.
2. Differentmaterialsprevent different types of heat transfer.
3. Engineersvork within constraints (time, materialspace, money) andge
scientific knowledge and creativity to design solutions to problems.

Purpose of the Lesson
1. Design and construct prototype dwellings for pengaiaped ice cubes based on
the knowledge gained from experiments conducted on the alateri

Lesson Obijectives
At the end of this lesson, students will be able to:

1 Combine information about different materials to synthesize a unique design.
1 Create a device that reduces heat transfer and keeps a psingpéd ice cube
from melting.

Lessonin a Nutshell

Students discuss engineering and what engineers do. (15 minutes)

Students conduct additional experiments as needed and share results (10 minutes)
Students design initial dwelling (15 minutes)

Students purchase additional materials necessary Ilgloo Depo{10 minutes)
Students construct dwelling (40 minutes)

arwnE

Background

The Engineering Design Procdssopis an iterative cycle that involvegentifying a

problem, brainstorming solutions, scientific research, design, testing,-dediga.

There are many representations and descriptions of this process, and no one process is
Aright. 0 However, the following cycle is
this unit.
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Redesign
& M

Identify the
Present Your

A Problem
Design \]
/ . Research the
Test and Modify Problem
Design /
Construct an Find Possible

Initial De&& Select / Solutions

One Solution

Engineering Design Process Loop

Teacher Materials
1 What is Engineerin@owerPoint
7 Shop lights with clamp attachment
1 lg. black plastic tub (or spragainted box)
7 Instant Read Digital Thermometers
7 plaster of Paris penguinmade by putting wet pkter into the penguin ice cube
tray, drying overnight, and removing.
1 Playmoney($100 of play moneper group)

)l
)l
T
T

Student Materials (for each group)
1 1sample of each material.
1 Glue, tape, scissors
1 1 Storyboard (from Lesson 1)
1 1 box colored markers or peli

Preparation
1. Photocopy thé&ngineering Design Procekandout.

2. Review theWhat is Engineerin@owerPoint in order to engageidénts in a
discussion about what the world would be like without engineers, and what some
engineers are doing to make the world a better place.

3. Set up Igloo Depot station with construction materials that students can
Opurchaseo.

4. Set up at least three garimentation station®ut one for each group is preferable
Each station will need:
T 1 shop | amp clamped to a stand or cabin
1 1 digital timer
1 2instant read digital thermometers
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Procedures
1. Show théWhat is EngineerinfowerPoint in order to engage students in a
discussion about what the world would be like without engineers, and what some
engineers are doing to make the world a better place. Have students camplete
storyboard square on engineering.

2. Distribute one [aster of Paris penguiind a boxvith only one sample of each
materialto eachgroupT hes e materi als are Al oanerso f
the cost of each material used must be included in the@tts house. (It cuts
down on shopping time to have some materials already with each group).

3. Distribute $100 oplay moneyto each groupExplainto students that they can
use allloanersamples thehave been giverand will be allowed to purchase
addtional materials from thegloo Depot using their $100 play money. Thél}
need to decide which materials are worth purchasing for the construction of their
igloo.

4. Show students th®llowing price chart.

Teacher Note: Thiguideis suggested pricesThese prices are based on actual
cost (1000% markup!)

Construction materials at Igloo Depot(suggested prices)

ltem Price afThe Igloo Depot
Cotton ball $10

Wood stick $20

Construction paper $5

Foam sheet $40

Felt fabric $40

Bubble wrap $10

Aluminum foil $5

Mylar sheet $5

5. Students should keep a running 6§the materials they purchase and wste
design of their igloo. Tell students that at the end of the lesson, they willdhave t
have a list of each material that went into buildingi¢heo and calculate the
Acosto of their igloo

6. As studentgleterminewhich materials they will use to construct their iglbaye
them add the listnto their storyboard.

7. Allow students to begin construction of their protaygloo and go shopping at
the Igloo Depot.
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8. Visit each team a$tudentsiuringthe construction procedsiscussdesign
decisions witheach team and ensure that they are ableroalize why they
chose the materials they did for their desigihefollowing questionswill help
you aid them in this verbalization of theireative and logical thinking:

Could lightget into the igloo and melt the penguin?

Can convection currents rise and faild enteyour igloo?

How is the heat from the black floor going to transfer into youroiglo

What are some ways gbow radiation? convection? conduction?

What are some design features of your own house that keep heat out in the
summer time?Seals around windowseep drafts out, ahtheattic keeps
radiation from reaching the bedroorasdroof overhangs keep light from
shining into the windows all dagndbasements help prevent conduction
between the first floor and the groumahdinsulation in the walls slows down
conduction between the outside and the inside through the walls.)

Why did yau choose that color?

Did you do a test on that material to make sure it works like you want it to?
How does one layer of that material compare to two layers?

If air is such a good insulator, how can you trap more air?

Is it better to have bubbles up or dowith bubble wrap?

=A = =0=0=9

=a =0 =0 =09
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Wrap-Up
1. Have studentdocument their

design on their storyboarHave
studentdabel the materials they
used and indicate which type(s)
of heat transfer is being
prevented. See below for sample
design on a storyboard and a
samplefist i terat.
designed by a team of eighth
grade students.

Sample student drawing on the story-board Sample student designfirst iteration
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LESSONS
Penguin Dwellingsi Design Testingand Retesting

Learning Targets
1. Scientific knowledge canebused in the design, construction, and evaluation of a
device.
2. Engineering is an iterative procesfsdesigning, testing, rdesigning, and re
testing.
3. Engineers must document their process of design and present their solution to the
problem.

Purpose ofthe Lesson

1. Students will test their penguin dwellings in a hot box with radiant, conductive,
and convective heat.

2. Students will analyze their penguin dwellings and determine which features were
most successful at reducing heat transfer.

3. Students will ientify the type(s) of heat transfer reduced by their penguin
dwelling.

4. Students will redesign their penguin dwellings based on results, atelstehe
dwelling.

Lesson Objectives
At the end of this lesson, students will be able to:

1 Evaluate devices dagied to reduce heat transfer, compare them, and determine
how they work
1 Judge the effectiveness of devices designed to reduce heat transfer

Lesson in a Nutshell

1. Test designs in hot box. (20 minutes)

2. Have students research innovations in building matesralsomputers while
penguins melt. Or use PowerPoint presentatiomvative Building Materials

3. Analyze and discuss resul{20 minutes)

4. Have studentsecord modificabns they would like to do on their desjgnd
then use their remaining money to purchase more suppliesconfigure the
materials already purchas€@0 minutes)

5. Test redesigned igloos in hot box. (20 minutes)

6. Administer the postest and work on #ir storyboards. (10 minutes)

7. Analyze and discuss the results. (20 minutes)

Background
Encourage cooperation, not competition. Have students share their successes and failures
with each other and learn from them. The objective is to save the penguiws aot
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competition. The redesign phase is the most important. After the first testing in the hot

box, invite the student groups to talk about their designs with each other, and use the

lessons learned to improve. If studeinta si st on A aanyanewhoeand say t ha
improve their design and save more penguin the second time around is a winner.

Teacher Materials

4 Shop lights with clamp attachment

1 lg. black plastic tub (or sprapainted box)
Penguin ice cubgd/group)

Timer

Electronic balance (accueato 0.1 g)

1 roll heavyduty aluminum foll

= =4 =4 -8 8 -9

Student Materials (for each group)
1 1 material kit box
1 1 Storyboard (from Lesson 1)
1 1 box colored markers or pencils
1 1 small plastic Dixie cups (massed)

Preparation
1. The day before Lesson 5, prepare penguircutees.
a. Using the medical syringe, distribuidgual amounts ofater into eaclice
cube well (0-16 ml depending on your particular ice cube jray
b. Ensure thatach welis filled the same so that all ice penguins will have
identical masses, noting thaetbersity of water is 1g/ml (i.e 16 ml of
water equals 1§rams).

2. Prepare the plastic Dixie cups by massing each one and writing the mass on the
side of each cup with permanenmarker (most wilhave a mass of ~ 2gams).
Prepare enough cups faaah group to have one cupups can be dried and-re
used over and over again.

3. Preparh@botohe hiat will be used to test the ¢
use a black storage bin (or blagjray painted box) and line the inside with
heavyduty alumnum foil. Keep the black floor exposed. Then position four shop
lamps around the outside of thet boxso that they shine on the bottom and the
foil. If you use an electric power strip plug in the lightsyou can turn all the
lights on and off with oa switch.
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4. Prepare a chart on the board or on a piece of poster paper for students to fill in
their results. This could also be done digitally in Exarebn an interactive
whiteboardand projected for the class to use.

5. Prepare a Fminute activity forstudents to participate in while the designs are in

thehot box Suggested examples:

1 Have studentsesearch modern engineered building matedalse

1 Watch penguins using one of theany penguin cams on the Internet from zoos
and other habitats. Googbenguin webcams and let students watch some live
penguirsin action!

1 Deliver PowerPoint presentatidnnovative Building Materialprovided with
this STK

Procedures
1. Turn on the lamps over thet boxand preheat for about 20 minuteBy pre-
heating the surface on the bottom of thet boxwill be uniformbefore
proceeding to the next step.

2. Distribute one plastic Dixie cup to each group. Have one student from eagh gr
lined up with their Dixie cup ready to receive their ice penguin.

3. Retrieve the ice penguins from the freezer and quickly distribute one ice penguin
to each Dixie cup.

4. Instruct students to place their ice penguin in their igloos as quickly aslpossib
and place their igloos in theot box(all at the same timejo they are evenly
spread apart from each oth&urn the lamps off for these few seconds to reduce
the risk of burns. Turn the lamps back on asittlse timer for 20 minutes begin
0cooodkitnhge 1 gl oos.

Teacher NoteNote that 20 minutes is approximately the time it takes for a

Afhomel ess0O0 i ce penBgeuisnurteo ttoo taadldl ya niiehlotme | e
control. Simply place an ice penguin on the floor of the hot Béer 20 minuteg

will be a very tiny morsel of ice.
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5. While the igloos are cookingngage students in a 15 minute lesson. For ideas
see Lesson 5 Preparations.

6.

When the timer sounds after 20 minytesn off the heat lamps without touching
the bulb or the dome as thwill be VERY HOT! Move the lamps out of the way
and invite students tguickly retrieve their igloos.

Instruct students to quickly re¢sre the remainder of the ice penguin and place it
in the Dixie cup.

Teacher NoteMake sure students donotpdui qui d

Apenguin |

rescue cup!
W— " - B €% b PR 7D
Team N ame|Cot of Duelling | Final Mass ass Last
Ghete Onebtulcious P | 3 430 ea-2247) 53 o
Wooly Alpeaguns $ 648 g1 -22=5.9| 4.) 9
Tee Pengus s 3215 53 22:-31 | 6.9
Sutaki Ice § 4o 3.2 -2.2 % SN} Q’
Chaky Cheese Cubes | 8 930 rsviry 13-2.2 = 5.1 |-| .9 9/
Soccer o tties $ ygs G:2 Q’
Funky Chickea a 200 Ajone H 3.949,
Joker Brobhers $ 390 3.9 y
Melking Penguins ¥ Do yso 2-22 ={2.0] 30 ,/
T-H.C 9 285 7.’1—3.151{}3 4.5 o
Uh-0h Oreas g w0 “ﬁ'ﬁ.‘;“ 7.4-22 -s2 | 4.8 9
Fronks Fies o 305 &y | 9578
s s ey 3 58 545 P3-2a @ 3.99 |
The P8 Bunnics 2 4as i b 5922 - 37| ¢3 4
Trckion RedPECK Thch | 3 e 470 Qa-a3 ma. 3.0 5

Sample chart of results

Have studentplace the cup on the digital scaled record the mass of the cup +
remaining ice penguin. Students will then find the final mass of their ice penguin
by subtracting the mass of the Dixie cup from the total mass recorded.

Teacher Notelf students are concerned that their ice penguin continues to melt
while they wait in line téind the massremind students that the ice amelted
iceremaining in thecup still represent the total mass of penguin saved.

Invite students to write their results on the board, along with the total cost of their

igloo dwelling.

©2009 Christine G. Schnittka, Ph.D. in cooperation with the Virginia Middle Schébl
Engineering Education Initiative (updated versi@?1-14)



10. Havestudents record their results onewsquare on thestoryboard
11.Havethe classanalze the results of the test by doing the following:

a. Analyzethe igloos thaprevented the mosieat transfer (which igloos had
the greatest amount of ice penguin remaining).

b. Tactfully analyze the igloos that did not perform as well and offer
suggestionsf what could be adjusted to improve performance.

c. Ask students the followinguestions:
1 Whichdesignfeatures were most effective at preventing heat trahsfer
1 Why were these design features effective at preventing heat transfer?
1 Whichtypesof heat trasfer were reduced in each design

12.Have students record their ideas designmodifications on their storyboard. If
time pernits, ask them to sketch the nemproved design on their storyboard.

Extension

Algebra Connectiont The data acquired from Lessd provides the opportunity

to discuss slope and linear equations and the value of interpolating and

extrapolating data pointdlave students develop graphs to determine:

1 Is there a relationship between total igloo cost and final mass of the

penguin (areffective igloo design)?
Is there a relationship between the cost of the dwelling and the final mass?
If we determinedhe mass of each dwelling, would there be a relationship
between tk igloomass and the final mass of {penguir?

T
T

Re-Design Phase

Preparation

1. Make a fresh supply of penguin ice cubes the night before this lesson, or a double
batch if the redesign takes place on the same day as the initial testing. Since ice
will sublimate over time and lose mass, you should make a fresh batch each
evenng beforetesting Use the medical syringe to ensure each penguin has the
same mass when frozen.

2. Print the award certificate sheets so
class if you desire.

3. Copy the postest assessment (Appendix B) andribisite to students while
redesigned dwellings are in the hot box fotasting.

Procedures
1. Allow students 1820 minutes to make revisions to their designs.
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Example of a redesigned penguin dwelling

2.

3.

Repeat the testing process as before.

While the idoos are in théaot box administer th@osttest assessmetd the
student§Appendix B) If students finish early, have them work on finalizing
their storyboard.

When theimer goes off, repeat the process of massing the penguin remains
and recording the results on a chart for discussion.

Have students record their final design and results on their storyboard.

Teacher Note Any team that saves a greater mass of pendpain turing the
original test deserves acclaim for being an engineer.

Ask students what they liked and dislik&bout this unit. Use this information
to help you plan future units that combine engineering design with science.

Determine winning teams amlistribute an award certificate to each member
of the team.An award template is provided in this STK

Teacher Note: Below & list of suggested awards.

i Effective Designi Awarded to theéeams that saved theostpenguin
(1% 2" and & place awards can be given)

1 Most Improved Designi Awarded to theeam that improved the most
from Test 1 to Test 2

i Affordable Housing Award for Financially Challenged Penguins
Awardedto the team thagpent the least amount of money but still
saved at least half of the penguin.
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1 Improved Desigri Awardedto everyteam that actually improved their
design and saved more of the penguin during the second test

1T Peopl e dBsAwéartded bystadents to the dgsthey liked the
best determined hyopular vote

The National Association for the
Protection of Pengumns

Awards

{ PN
=1 \ =N
{ Chief Engineer of ‘-'(
= Penguin Dwelling Designs X

Teacher’s Name Here, CEO, NAPP %% Date

Award sample

Wrap-up
1. Wrap up this unit with a discussion of lessons learned. Here are some possible
guestion prompts:
Engineering Prompts: Engineers follow@aneralprocess talesignsolutions to

problems.

1 What process did you use to design a solution to a problem?

T Why was this unit called ASave the Pen
1 How does saving energy at home help animals that live so very far away?

1 What do engineers do that help people and animals?

1 Wha were the science concepts you had to know in order to be a good

engineer in this unit?

What constraints did you have when you designed your igloo?

Why was it important to do a-aesign?

What were some engineering practices you had to know in ordesignde

and build the best penguin igloo you could?

Science Prompts: Heat transfers in predictable ways

1 What are some rules about heat transfer? (it transfers from warm to cold, it
is thermal energy moving, it transfers three different ways)

91 Describe three wa heat can transfer.
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What is the difference between an insulator and a conductor?

Why does a silver tray feel colder than a plastic tray?

If you sat on a metal bench in the wintertime, what would it feel like?

Why?

1 If you sat on a plastic bench in the wartiime, would it feel different?
Why?

1 Which materials were best at preventing radiation? Conduction?

Convection?

Which combinations of materials worked best? Why?

What was the most interesting part of this unit to you?

E

= =4
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APPENDIX A MATERIALS AND SUPRLIES

The materials listed in Table 1 will supply one teacher with four classes of students
approximately 112 students. Some materials will be left over for future classes. Most materials
can be purchased from a grocery store, hardware store, crafostiamge shopping mart. The
entire kit can also be purchased framw.stemteachingkits.com

Suggested sites are provided below.

Table 1
Supplies needed folSave the Penguins
Quantity Item Source
1 bag| 100%cotton balls, 100 count Pharmacy
1 pack| craft sticks, 150 count Craft store
1 pack| Black construction paper Craft store
1 pack| Green construction paper Craft store
1 pack| Pink construction paper Craft store
1 pack| White construction paper Cralft store
12 each colol Foam sheets in white, black, pink and green Craft store
12 pieces Whi t e felt fabric, poly g Craftstore
12pieces Pi nk felt fabric, polyegCraftstore
12 piecess Bl ack felt fabric, pol ygdCraftstoe
12 piecess Gr een felt fabric, pol yg Craftstore
1 | Duck bubble wrap, 12" x 10 feet Office supply store
1 | Heavy duty aluminum foil, 75 sq. feet Grocery store
3sheety Myl ar 180 x 300 Sheets Craft store
1 | Hefty One Zip gallon storage bad< count Grocery store
7 | Scotch tape Office supply store
7 | Aileen's Original Tacky Glue, 4 fl. Oz Craft store
28 | Plastic shoebox, 6 qt. size, Hardware store
1 | Black tote bin, 108 quart capacity Hardware store
7 | Dixie cups, white plastic Grocery stoe
1 | Play money Online
2 | Silicone penguin ice cube trays Online
14 | Digital thermometers Online
7 | Desk lamps or Shop lamps Hardware store
7 | Light bulbs, 100W Hardware store
1 | 6 pack of soda Grocery store
1 | Wool sock Sporting goods store
1 | Cottonsock (charcoal/black) Sporting goods store
1 | Plastic tray Home goods store
1 | Metal tray (silver or silver plate is best) Home goods store
2 | Top Fin flexible aquarium thermometers , large Pet store
14 | Poster boards Office supply store
7 | Metal spoongsilver or silver plate is best) Home goods store
7 | Plastic spoons Grocery store
1 | Homemade cardboard house with black painted roof
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7 | Digital timers Online
1 | Medical syringe20 ml Pharmacy
Preparation of Materials

Prepare the felt, foil, construoti paper, foam, Mylar, and bubble wrap by cutting the materials

into uniform squares. I f you have a quilting rul
If you want each piece to be sized metrically, you can cut the pieces into 10cm x 10#s.squa

Store each material in separate gadlon storage bags for easy retrieval.

S
\. ©

9 INTHVASNVAL),
e

Supplies in large tote bin
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APPENDIX B ASSESSMENT ON HEAT TRANSFER

Name Date Block/Period

1 This questionnaire isb@ut your understandings of heat transfer.
1 For each question, circle the answer that is closest to your understanding.
1 Be sure to read all the choices before selecting one.

1. You pick up a can of soda off of the countertop. The countertop underneadn teels
colder than the rest of the counter. Which explanation do you think is the best?

a. The cold has been transferred from the soda to the counter.

b. There is no heat energy left in the counter beneath the can.

c. Some heat has been transfefrech the counter to the soda.

d. The heat beneath the can moves away into other parts of the countertop.

2. After cooking an egg in boiling water, you cool the egg by putting it into a bow! of cold
water. Which of the folglprocesshg expl ains the egc
a. Temperature is transferred from the egg to the water.
b. Cold moves from the water into the egg.
c. Energy is transferred from the water to the egg.
d. Energy is transferred from the egg to the water.

3. Why do we wear sweaters in daleather?
a. To keep cold out.
b. To generate heat.
c. To reduce heat loss.
d. All of the above.

4. Amy wraps her dolls in blankets but candt
they warm up?
a. The blankets she uses are probably pooratwsl
b. The blankets she uses are probably poor conductors.
c. The doll s are made of materials which d
d. None of the above.

5. As water in a freezer turns into ice,
a. the water absorbs energy from the air in the freezer.
b. the water absorbs the coldness from the air in the freezer.
c. the freezer air absorbs heat from the water.
d. the water neither absorbs nor releases energy

6. On a warm sunny day, you will feel cooler wearing light colored clothes because they
a. reflect more radiation.
b. prevent sweating.
c. are not as heavy as dark clothes.
d. let more air in.
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7. If you put a metal spoon and a wooden spoon into a pot of boiling water, one will become
too hot to touch. Why?

a. Metals conduct heat better than wood.

b. Wood conducts heat better than metals.

c. Metals pull in heat because heat is attracted to metals.

d. Wood isndbt as strong as metal s.

8. On a hot day, the upstairs rooms in a house are usually hotter than the downstairs rooms.
Why?

a. Cool air is lesdense than hot air.

b. Warm air rises and cool air sinks.

c. The upstairs rooms are closer to the sun.

d. Heat rises.

9. You have a can of soda in your lunchbox that you want to keep cold. Which material will
work best to keep it cold?
a. Aluminum foilwrapped around the soda because metals transfer heat energy
easily.
b. A paper towel wrapped around the soda because paper soaks up the moisture.
c. Wax paper wrapped around the soda because wax paper traps the moisture.
d. Your wool sweater wrapped arad the soda because wool traps air.

10. When you hold a metal coat hanger in a camp fire to roast a marshmallow, the coat
hanger might get too hot to hold. Why might the coat hanger get too hot?
a. The heat radiates along the coat hanger.
b. Theheatbul ds up near the flame until it canot
along the coat hanger.
c. Metal atoms vibrate with more energy when they get hot, and they collide with
atoms near them, which makes the neighboring atoms vibrate too.
d. Since metals nitein fire, they react very strongly to fire and get hot easily.

11. An aluminum plate and a plastic plate have been in the freezer all night long. When you
remove them the next morning,

a. The plates have the same temperature.

b. The plastic plate hasegher temperature.

c. The plastic plate has a lower temperature.

d. The aluminum plate has a lower temperature.

12. When placed in direct sunlight, which object will absorb the most radiation?
a. a white sweater
b. a snowball
c. some aluminum foil
d. a black sweater
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