
LESSON 6: How can we redesign our homemade flameless heater?
PREVIOUS LESSON We analyzed data from two investigations to figure out how much food and reactants we should include in our homemade flameless heaters to best meet our

criteria and constraints. First, we analyzed provided data to determine how much food we can heat up. Then, we conducted an investigation to determine which
proportion of reactants worked best to heat up our food.

THIS LESSON

INVESTIGATION

3 days

After a discussion about available packaging materials and what our how-to instructions should be like, we get
into teams and draw models of our homemade flameless heaters. After our teacher checks our plans for safety,
we build prototypes and test them using a Design Testing Matrix based on our criteria and constraints. We reflect
on our work with a self-assessment of how well our team works as engineers and how well we individually met
expectations as teammates.

NEXT LESSON We will compare our flameless heater designs with other teams and identify the most promising design characteristics. We will realize that we don’t know how to
evaluate how easy our designs are to follow because we never had anyone else besides our own design team put them together.

BUILDING TOWARD NGSS

MS-PS1-6, MS-ETS1-2, MS-ETS1-3,
MS-ETS1-4

WHAT STUDENTS WILL DO

6.A Undertake a design project to construct and test a solution that meets specific design criteria and constraints, including the transfer of energy.

6.B Collect data about the patterns of performance of a proposed design by testing a physical model.

WHAT STUDENTS WILL FIGURE OUT

Designs need to be tested to inform modifications that will lead to a better solution.
Different kinds of models are helpful for testing design solutions.



Lesson 6 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min REVISIT OUR PROGRESS TRACKERS
Review Progress Tracker entries from last time to navigate into today’s work.

A “What We Do as Engineers” board

2 12 min WHOLE-GROUP DISCUSSION ABOUT INFORMATION WE STILL NEED
Revisit our Ideas for Investigation to guide a discussion about the packaging
materials we can use and what our how-to instructions might be like.

B-H Materials Cost List, Ideas for Investigation chart, sticky notes, Criteria and
Constraints chart, chart paper

3 8 min PREPARE FOR TEAMWORK AND MODELING
Review expectations for teamwork, and plan for the different types of models
that teams will use in their redesigns.

I-J Teamwork Self-Assessment

4 20 min WORK IN TEAMS TO MODEL OUR REDESIGN ON PAPER
Considering available packaging materials, teams work together to model their
designs, including cost, mass, amount of reactants to use, assembly
instructions, and how energy will be transferred throughout the device.

K-L Design Model Must-Haves, chart paper or butcher paper, paperclip, team
names on slide K or chart paper, Criteria and Constraints chart, Helpful
Features to Have in Directions chart, Planning and Modeling Homemade
Heaters

End of day 1

5 25 min FINISH MODELING ON PAPER AND WRITING INSTRUCTIONS
Teams complete their designs and have them approved by the teacher.

M Planning and Modeling Homemade Heaters

6 8 min BEGIN BUILDING PROTOTYPES
Teams work together to start assembling their prototypes but without the
addition of saltwater (that will be added when the class is ready for testing).

N-O Constructing Prototype Homemade Heaters

7 12 min PREPARING TO TEST DESIGNS
Meet in an Engineers Circle to prepare for systematic design testing, discussing
how to record data and reviewing procedures to follow.

P-T Design Testing Matrix

End of day 2

8 25 min TEST DESIGNS
Teams test their designs, recording data in their science notebooks and on their
Design Testing Matrix.

U-W Testing Prototype Homemade Heaters

9 7 min SELF-ASSESS ENGINEERING PRACTICES IN TEAMS
Teams work together to assess their work as engineers.

X Engineering Design Rubric

10 3 min INDIVIDUALLY SELF-ASSESS TEAMWORK
Students independently rate themselves using the Teamwork Self-Assessment.

Y Teamwork Self-Assessment

11 10 min UPDATE PROGRESS TRACKER
Consider how our work today was similar but different than what we’ve done
before as engineers, and add two entries to our Progress Trackers.

Z “What We Do as Engineers” board

End of day 3



Lesson 6 • Materials List
per student per group per class

Planning and Modeling Homemade Heaters materials digital scale
various containers
plain water
Design Model Must-Haves
Materials Cost List

Constructing Prototype Homemade Heaters materials goggles
gloves

digital scale
various containers
plain water
hydrated water beads
cup of shredded aluminum
cup of copper sulfate
parchment paper squares
Design Model Must-Haves

Testing Prototype Homemade Heaters materials goggles
gloves

digital scale
various containers
plain water
hydrated water beads
cup of shredded aluminum
cup of copper sulfate
parchment paper squares
saltwater
Design Testing Matrix

Lesson materials science notebook
Materials Cost List
Teamwork Self-Assessment
Design Testing Matrix

Design Model Must-Haves
chart paper or butcher paper
paperclip
Engineering Design Rubric

“What We Do as Engineers” board
Ideas for Investigation chart
sticky notes
Criteria and Constraints chart
chart paper
team names on slide K or chart paper
Helpful Features to Have in Directions chart

Materials preparation (45 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Trim handouts to fit science notebooks.

Be sure that you have materials ready to add the following word to the word wall: prototype. Do not post this word on the wall until after your class has developed a shared understanding of
its meaning.



You may choose to invite students to bring in additional materials they’d like to use to build their homemade heaters, and/or you might collect other locally-supplied materials, such as
cardboard, packing peanuts, differently shaped bottles or containers, etc. If you do add other materials to those available for design construction, update the digital version of Materials Cost List
accordingly and/or have students estimate what the costs of these materials would be for someone else who would be assembling these heaters at home. Students will use Materials Cost List
again in Lesson 9, so if you do print copies of it, you may want to consider laminating and/or collecting them to redistribute in Lesson 9.

Take the time to intentionally plan the design teams that students will work with for the remainder of this unit. Use the observations you’ve made about how students have been working
together in small groups and partnerships during the unit so far to inform how you arrange groups of students as design teams. List team member names on slide K or on a piece of chart
paper, leaving space for teams to add their team name (which they will decide on before modeling their designs).

Decide how you will arrange your classroom to allow for 8 teams to work together. If you already have tables or desk groups, this will likely be an easy task. However, if your classroom has
individual desks, you may need to teach students how to move the furniture into group workspaces or plan 8 various locations around the classroom for teams to use.

Reminder: Since students will be measuring the temperature changes caused by the chemical reaction, it is critical that all substances and the saltwater solution have fully come to room
temperature. Prepare all substances and solutions, including hydrated water beads, at least a day before students conduct their investigations and allow them to come to room temperature
overnight. Avoid storing substances and solutions near windows or HVAC equipment that may be hotter or colder than the rest of the room.

Days 1 and 2: Planning and Modeling Homemade Heaters
Group size: 8 teams of 3-4 students per team
Setup:

Have a variety of containers and lids available for teams to use in their designs, such as plastic food storage containers and various sizes of ziplock bags. You may also choose
to provide insulating packaging, such as cardboard or bubble wrap, or invite students to bring in boxes, bottles, or other materials they would like to use in their designs.
Have water available for students to use as a proxy for the saltwater they will use during testing—they should be able to plan how much saltwater they will want in their
designs without actually running the reaction. Since it will not be used in testing, this water need not be at the same temperature as the other materials.
Be sure each team has access to a scale.

Notes for during the lab: Teams may explore with various packaging materials, amounts of water (as a proxy for the saltwater they’ll use in their design), and masses as they plan and
draw models for their designs. They will not be constructing their prototypes today.
Safety: There are no safety concerns.
Disposal: At the end of the day, the plain water can be poured down the drain. Do not dispose of any other materials as teams will continue to use them on days 2 and 3 of this
lesson.
Storage: Make a plan for how teams will keep their models safe and out of the way while other classes use the room. Consider making space on a back table, counter, or bookshelves
to collect the teams’ models.

Day 2: Constructing Prototype Homemade Heaters

Group size: 8 teams of 3-4 students per team
Setup:

Each team may want to use up to about 100 grams of water beads in addition to the water they’re using for their “food.” Exact water bead
absorbency will vary by brand, but for approximately 800 grams of hydrated water beads, add a teaspoonful (about 8 grams) of dry water beads to
800 mL of water. Cover the container to reduce evaporation and allow the water beads to stand for 8-12 hours to fully hydrate. See photos here of
the water beads added to the water to start and after 10 hours of soaking.
Plan how you’d like to distribute hydrated water beads to students. You may choose to keep them all in one place with a cup as a scoop for students
to measure into their containers, or you may choose to supply each team with a smaller container of their own to measure from.
Keep the water beads covered when not in use so that they don’t begin to dry out.
Teams will need access to plain water to add to their water beads to create the “water bead soup” they will use as a proxy for food during testing.
They will use approximately 1 part water beads and 3 parts plain water for the total mass of their “food.”
Prepare 32 grams of shredded aluminum foil per class by running paper-sized pieces of aluminum foil through a paper shredder. A crosscut paper
shredder is preferred, since it cuts the aluminum into small pieces (~2 cm x 0.5 cm), whereas strip-cut paper shredders produce long strips that will
then need to be cut into smaller pieces. You may need to run a few pieces of aluminum foil through the shredder to remove any paper bits before
you collect foil to use in class. Note: You will need another approximately 64 grams of shredded foil per class for Lesson 9, if it would be easier to
prepare it all at once now.
Fill 8 styrofoam cups per class with about 5 grams of shredded aluminum foil. Teams can bring these cups to their work areas to measure out the
amount they need for their design and return whatever they don’t use still in the cup.



y g y p
Fill 8 styrofoam cups per class with about 55 grams of copper sulfate per cup. Teams can bring these cups to their work areas to measure out the amount they need for their
design and return whatever they don’t use still in the cup.
Each team will need a scale and a sheet or two of parchment paper on which to mass their materials (unless they are measuring directly into a container).

Notes for during the lab:
After the teacher safety check of their models on paper, teams may start the construction of their prototypes: massing and packaging water beads for food and massing
copper sulfate and aluminum if that can be done prior to testing their model. No saltwater should be used yet (that is reserved for testing on day 3).

Safety: Everyone should wear safety goggles and gloves when using copper sulfate. Follow the precautionary statements provided in the teacher reference Safety Information for
Copper Sulfate Pentahydrate in case of accidental exposure to copper sulfate. During this building step, confirm that teams will use:

NO MORE than 55 total grams of reactants (copper sulfate + aluminum) and
NO LESS than 200 mL of saltwater in order to keep the reaction from getting dangerously hot.

Disposal: Do not dispose of any materials after day 2, but keep them for testing on day 3.
Storage: Make a plan for how teams will keep their models safe and out of the way while other classes use the room. Consider setting designs on blank paper labeled with the team’s
name on a back table, counter, or bookshelves.

Day 3: Testing Prototype Homemade Heaters
Group size: 8 teams of 3-4 students per team
Setup:

Prepare 2500 mL of saltwater per class. For each 500 mL of water, add 3 grams of table salt. So, if you’re mixing all 2500 mL at one time, add 15 grams of table salt. If
you’re making several batches (for multiple classes) at one time, use the ratio of 6 grams of table salt for every 1 liter of water (so a 4 liter pitcher would require 24 grams of
table salt). Stir to make sure that all of the table salt dissolves. Be sure to leave the saltwater out at least a day in advance to come to room temperature. Keep the saltwater
in pitchers or beakers that are easy to pour from so that teams can measure out what they need into their own containers.
Teams may still need access to the following materials to prepare for testing on day 3 if they did not fully assemble their designs on day 2:

containers and other packaging materials
hydrated water beads
plain water
styrofoam cups containing about 55 grams of copper sulfate (to carry to their workspace and measure out what they need for their design)
styrofoam cups containing about 5 grams of shredded aluminum (to carry to their workspace and measure out what they need for their design)
parchment paper sheets for massing materials (unless they are measuring directly into a container)

Each team will need a tray and a digital thermometer.
Notes for during the lab: Be sure to confirm that students are venting the containers in which their reactions are happening to avoid buildup of hydrogen gas or having them pop
open and cause a splash.
Safety: Everyone should wear safety goggles and gloves during setup, testing, and cleanup. Be sure to remind students that, if they’re stirring or swirling their reactants, they should
have a lid and be careful to avoid spills. Follow the precautionary statements provided in the teacher reference Safety Information for Copper Sulfate Pentahydrate in case of accidental
exposure to copper sulfate.
Disposal: Save any unused saltwater solution, aluminum foil, and copper sulfate for upcoming labs. Solid wastes (pieces of aluminum and copper) can be disposed of in the garbage.
Dispose of liquid waste as directed in the teacher reference Safety Information for Copper Sulfate Pentahydrate. Rinse containers and leave out to dry and reuse in future lessons.
Storage: Unused saltwater, aluminum foil, and copper sulfate can be retained for future lessons. All containers and cups can be retained for future lessons.



Lesson 6 • Where We Are Going and NOT Going
Where We Are Going

In this lesson, students will be scaling up the amount of reactants they use to transfer energy to the “food” in their heater designs. To avoid dangerously high temperatures, it is critical that you
check students’ design plans before they begin building their prototypes. Specifically, you need to confirm that teams are planning to use:

NO MORE than 55 total grams of reactants (copper sulfate + aluminum) and
NO LESS than 200 mL of saltwater.

If their plans do not meet these requirements, tell them to adjust their plans accordingly to be sure their device is safe.

Students are instructed to use at least 200 mL of saltwater to support their success in designing. However, do not announce the limitation for dry-ingredient reactants before students begin
designing because it would be too easy for teams to just plan to use close to that maximum amount without reasoning through their calculations.

Also, check to be sure each team has planned to vent the container or package holding their reactants. This expectation is clarified for students before they begin modeling. Like the
prepackaged MRE heaters, we do not want our homemade heaters to trap the small amount of hydrogen gas they produce or become a hazard if heated air inside were to cause them to pop
open. Hydrogen gas is not toxic to breathe, and it dissipates quickly in the air, but it is flammable, so we do not want to create a situation where it is contained.

Water beads are mixed with plain water in a 1:3 ratio as a proxy for food during testing. Adding water beads to the water helps differentiate the “food” from the saltwater that is also required
during testing. However, using a higher proportion of water beads than this takes longer to heat. Additionally, it is difficult to find an accurate temperature of the water beads themselves when
they are not mixed with water. So, we recommend that students use a “soup” of approximately 1 part water beads to 3 parts water for their “food.”

Note that our design groups are referred to as “teams” to emphasize the importance of collaboration in engineering design. Expectations for good teamwork are a specific focus of this lesson,
with discussion before designing begins and use of a self-assessment at the end for reflection. Students will stay in the design teams assigned today for the remainder of the unit.

Where We Are NOT Going

The challenge of building a successful homemade flameless heater should not be viewed as a competition. Rather, the whole class is working to accomplish this task with the end goal of
helping others. By sharing ideas within teams and among teams, many or all teams will be able to design an optimal solution by the end of the unit. If you hear talk in this lesson or future
lessons about teams “winning” (maybe because they hit more of the criteria on the Design Testing Matrix), step in to correct that thinking: We are working together to figure out how to make
the best versions of heaters that we can in our groups.

In Lesson 7, teams will have the chance to compare their designs with other teams in order to find and share the most promising ideas that can be used to optimize their designs. However, the
hope is that the motivation for this sharing time comes from the students. Therefore, it is not announced by the teacher in Lesson 6 that teams will compare designs next time.



5 min

LEARNING PLAN for LESSON 6
1 · REVISIT OUR PROGRESS TRACKERS
MATERIALS: science notebook, “What We Do as Engineers” board

Gather in an Engineers Circle to review last time’s work. Display slide A. Give students a moment to find and reread their Progress Tracker
entry from last time, as directed on the slide.

Bring the students’ attention to the “What We Do as Engineers” board and say, Last time we were together, you said we systematically tested
parts of our design solution… Again, right? Are you noticing that we keep coming back to that? (Point to that large sticky note on the board.)

Suggested prompts Sample student responses

Who can remind us what we systematically tested last time? We tested different amounts of reactants to see what amounts of
each would work best—without leftovers.

What different amounts worked best? When we had a total of 6 grams of reactants, if 0.5 grams of that was
aluminum and 5.5 grams was copper sulfate, that worked the best—
we got the largest temperature change with the least reactants.

That’s 8% aluminum and 92% copper sulfate.

We also saw data from a systematic test of how the same amount of
reactants increased the temperature of different amounts of food.
What did we figure out from that data that will help us in our designs?

Heating up more food requires more energy—not just a little bit more
energy, but a lot more.



On the “What We Do as Engineers” board, add a small sticky note that says “amounts of food and reactants” on or near the large one that
says “We systematically tested….” as shown in the example here.

Say, We have figured out a lot of what we wanted to know to help us redesign a successful flameless heater. Let’s look back at our Ideas for
Investigation chart to see what we’ve accomplished and what we might still need to figure out before we are ready for a redesign.



12 min2 · WHOLE-GROUP DISCUSSION ABOUT INFORMATION WE STILL NEED
MATERIALS: Materials Cost List, Ideas for Investigation chart, sticky notes, Criteria and Constraints chart, chart paper

Revisit our DQB and Ideas for Investigation chart to mark off what we have accomplished. Display slide B and give every student one
sticky note. Direct students to write a check mark on the sticky note and then come up to the Design Questions Board and/or Ideas for
Investigation chart and attach their sticky note near a question or investigation idea that the class has already completed. This is meant to be
a quick trip to the charts and sit back down—no deliberation needed. If someone else has already put a sticky where they had planned to, the
student can add their sticky note on top of that one or find another question or investigation that has been completed. The following
questions/ideas can be checked off the list.

What substance(s) are in the heater “compartments?” What substances can we mix to get hot? Are they safe enough for people to
use?
How hot should our food get? What temperature is comfortable to eat?
Are these materials or substances harmful or toxic?
How much should these heaters cost to make?

Turn and talk about what we still need to know.✱ Display slide C.
Say, We’ve found a lot of answers, and I’m wondering if we have enough information now to make improvements on the designs you first created in
Lesson 1. Let’s compare our list of Ideas for Investigation and our DQB with our Criteria and Constraints chart to see if we are ready to do a redesign.
Turn and talk with a neighbor about what information you still need before you’re ready to try a redesign.

After about 2 minutes of partner talk, invite students to share their
thinking. As they do, use sticky notes or markers to note on the chart
the parts of the criteria and constraints for which we still need more
information. (See example image shown here, with new notes
added in blue.) Students will likely point out the need for detail
around the following:

mass (e.g., What materials can we use to build our
homemade heater? How will they fit our criteria for total
mass?)
cost (e.g., How much will our heater materials cost?)
instructions (e.g., How can we make our flameless heaters
easier to use?)
time (e.g., How long will our heaters take to work?)
food substitute (e.g., If we can’t have food in the classroom,
what will we use instead?)

Say, OK, so we need to spend a little more time thinking about these ideas before we’re ready to begin our redesigns.

Discuss available materials. Display slide D. Explain that, since we cannot have food in the classroom, we will make a “soup” of water beads
and plain water to use as “food” to test. Show students the water beads and describe what they feel like. The “recipe” for our “water bead
soup” will be 1 part water beads and 3 parts water. Invite a couple of students to comment about why these will be a good proxy for food.
Listen for ideas, such as: It will feel more like food than just water would and Having water beads in there will help us avoid confusing our “food” with
the saltwater used for the reaction.

✱ ATTENDING TO EQUITY

Universal Design for Learning: There are a
handful of Turn and Talk opportunities in this
part of the lesson. Your students may be
more engaged if given the opportunity for a
movement break at any of these moments.
Instead of staying seated to talk with a
neighbor, you might ask students to “stand
and talk” to a neighbor nearby or “walk and
talk” with someone a little farther across the
room. After a minute of chat time, regroup
the class back in their seats in the Engineers
Circle to continue the whole-group
discussion.



ADDITIONAL
GUIDANCE

The 1:3 ratio of water beads to plain water is recommended because a higher proportion of water beads than
this takes longer to heat. Additionally, it is difficult to find an accurate temperature of the water beads
themselves when they are not mixed with water. Most pre-packaged MRE entrees also have a high liquid
content with sauces or stews so they heat more consistently.

ADDITIONAL
GUIDANCE

If at this point or during their team planning time later students are looking for guidance about how much
“food” to heat in their design, you may choose to show them the video of measuring the mass of the entree
portion from a prepackaged MRE at www.teachersopensciedfieldtest.org/heater . The mass of the entree from
this package was 215 grams.

Display slide E. Use prompts, such as the following, to help the class consider the materials available to use in their designs. Refer to Materials
Cost List in student books, as well.

Suggested prompts Sample student responses

Remember, we already decided that we want our total homemade
MRE heater cost to be $12 or less, but we’re going to “set aside” $9 for
the cost of food. Our optimal design for the heater itself should cost $3
or less. When you begin your redesign today, we have these materials
available for you to use. These are all things people can buy at a
hardware store or grocery store if they don’t have them at home
already. How do you think they fit our criteria for ease of use?

We know the copper sulfate and aluminum foil are easy enough to
get, and these containers are also things you can easily find at stores.

If we give people clear directions about how to put the reactants into
these containers, they should be pretty easy to use.

How do you think they fit our constraint for cost? Even if we use several containers, along with our reactants our total
cost will be within the $3 constraint.

What else do you need to know about these materials? We don’t know the masses of these containers. We will need to mass
them when we’re considering using them to be sure they fit our
constraint of less than 700 g total for the heater and food.

Did anyone have other materials in mind they thought might be
helpful?

(Accept any responses and respond accordingly.)

ADDITIONAL
GUIDANCE

You may choose to invite students to bring in additional materials they’d like to use to build their homemade
heaters, and/or you might collect other locally-supplied materials, such as cardboard, bubble wrap, differently
shaped bottles or containers, etc. If you do add other materials to those available for design construction,
update the digital version of Materials Cost List accordingly and/or have students estimate what the costs of
these materials would be for someone else who would be assembling these heaters at home. Students will use
Materials Cost List again in Lesson 9, so if you do print copies of it, you may want to consider laminating and/or
collecting them to redistribute in Lesson 9.

Display slide F. Say, Remember how the prepackaged MRE heater was just rolled closed so that the steam and hot air and hydrogen gas
could still escape? Our reaction will also be heating the air inside of the container and producing some hydrogen gas, so whatever material or

packaging you use to hold the copper sulfate and aluminum cannot be completely sealed—it must have a small hole or opening to vent out those

file:///tmp/www.teachersopensciedfieldtest.org/heater


gases. Hydrogen gas is not toxic to breathe, but it is flammable, so we don’t want to trap it or have open flames around while testing. It would not be
safe to have a situation where the container of hot liquid and gases burst open and splashed someone. So, you’ll need to plan your device to have a
vent hole but avoid spilling the liquid inside.

SAFETY
PRECAUTIONS

Only Ziploc brand freezer-weight bags were tested during the designing of this unit. They did not melt when
used to hold the aluminum + copper sulfate reaction. If you choose to use other brands or types of bags, you
should test them ahead of time to ensure that they do not melt. No bag should be sealed completely. Plans
should include leaving the bag partly unsealed or cutting a vent hole in it.

Discuss ease of use and communication. Display slide G.

Say, Think about a time when you have had to follow directions, maybe to put together a toy or cook something from a recipe. Was anything difficult
about following those directions? Was there anything about them that made it easier to follow them or that you wished for that would have helped
you? Turn and talk with a different neighbor about your experiences following directions.

List features of helpful instructions. Invite students to share their ideas about how directions can be helpful (or not). As they share, scribe a
quick list of “Helpful Features to Have in Directions” on chart paper. This list might include the following ideas:

steps in sequence
simple language/short sentences
illustrations or icons✱
diagrams with labels
parts list
multiple languages✱

ALTERNATE
ACTIVITY

Extension: Your students may mention their experiences watching how-to videos as an example of helpful
instructions. If time and resources are available, you may choose to give students the option of creating a video
for their homemade heater assembly and use instructions. If you have resources but not time for videos here in
Lesson 6, you may choose to offer video as an option for the redesign during Lesson 9 (as a way to improve or
optimize the design for this criterion).

Discuss the time it might take for the heaters to work. Display slide H.

Say, OK, we had one more idea still to consider: How long should our
heaters take to use? We didn’t set a specific criteria or constraint around
this. What do you think about that?

Listen for students to suggest time constraints such as: As long as the
MRE heater took to work or About 15 minutes. Update the Criteria and
Constraints chart, adding to the “optimal solution” row to indicate the
goal time upon which your class decides (15 minutes is
recommended). See example image shown here.

Say, Now it looks like we are ready to start our redesigns because we know
what we need our designs to do to be successful!

✱ ATTENDING TO EQUITY

Universal Design for Learning: Encouraging
students to use icons or drawings in their
how-to instructions will not only be helpful
for their expression of these ideas, but it will
support the representation of these ideas for
the end user of this device.

✱ ATTENDING TO EQUITY

Supporting Emergent Multilinguals: Allow
and encourage students to use both content
specific and everyday registers when
expressing their ideas and developing their
how-to instructions. If our intent is for
anyone to be able to follow these directions,
we don’t need to include specific science
vocabulary. Also, like instructions found with
many devices, if it would be helpful for a
team to write their instructions in more than
one language, encourage this idea.



8 min3 · PREPARE FOR TEAMWORK AND MODELING
MATERIALS: Teamwork Self-Assessment

Plan for what it means to be a good teammate. Display slide I.

Say, Remember back in Lesson 1, each of you designed a flameless heater? You worked individually to do
that. Now, for your redesign, you will be working in teams of 3 or 4 students. What will be good about
working with a team rather than on your own? What might be challenging about working with a team? Turn
and talk with a neighbor for a moment about those questions.

Invite two or three students to share potential benefits and drawbacks to working with a team. Say,
Engineers rarely work alone. The best problem-solving often happens when several people are contributing
ideas and working together, but sometimes it can be hard to share the work with others. So, we have some
specific expectations for each other to make our teamwork successful. Take a look.

Distribute Teamwork Self-Assessment and instruct students to tape it into their notebooks. They will
not fill it out until after they’ve constructed and tested their designs, but direct them to read the
expectations to themselves as they’re putting them into their notebooks.

Say, Many of these expectations will sound familiar because we have these norms in our classroom already.
But some might be especially important to this work of engineering design. Can you find one or two
expectations here that you will really need to focus on to help your team be successful with your flameless
heater design? Turn and tell a neighbor your idea.

ALTERNATE
ACTIVITY

Like developing classroom norms, you could choose to have students develop their own list of teamwork
expectations. Knowing that they will be working together to create a successful design, what do they need from
each other to make that happen? And/or how will it look and sound to uphold the classroom norms we already
have when we’re working in teams? As students suggest expectations, you can fill them in on a shared
document (such as the digital version of Teamwork Self-Assessment) and then print that out to add to their
notebooks and to use as a self-assessment at the end of this lesson (and again in Lesson 9).

Plan for the two types of models that teams will create. Display slide J. Discuss why and how teams will model two different ways using
prompts, such as those below.✱

Suggested prompts Sample student responses

As we did with our first designs, our redesigns will happen on paper
first. We will not construct anything right away. In your experience, why
is it a good idea to model on paper before building something?

It’s easier to change your mind on paper, like switching out materials
or amounts.

We can calculate how much we think it will cost on paper.

You can plan without using/wasting materials.

You can show someone else what you’re thinking before you take the
time to make it.

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

Modeling helps us generate data to test
ideas about designed systems—that’s why
we want to build a physical model of our
devices. We will be able to collect data from
testing our designs that we cannot figure out
from the modeling we did on paper.



Suggested prompts Sample student responses

What kinds of things can a model drawn on paper allow you to show
or communicate that people might not notice or learn just by looking
at the constructed device?

You can show what’s going on inside the device, or why it works.

You can show what’s making it work that people can’t see from the
outside.

OK, so we know that modeling on paper is going to be helpful to our
designs. Your teams will definitely need to do that first. But then, I
know you’re excited to actually build these heaters, too. What will
constructing a physical model allow you to do that the model on
paper can’t?

We will get to test it!

We need to actually combine the substances inside the packaging
and measure the temperature of the food to see if it works!

We can see if we meet our criteria and constraints!

Take a look back at our Criteria and Constraints chart. Are there other
criteria or constraints that a physical model could help us with?

It will be easier to write our how-to instructions if we try putting
everything together in real life.

Summarize for the class. Say, OK, I hear you saying that modeling on paper can help us plan without using up materials and can help us show
others what’s going on inside a device that makes it work. But when we want to actually test our device to see how it measures up to our criteria and
constraints, we want a physical model—something we can build and try out. Engineers have a name for that kind of physical model that’s built to try
out and test. It's called a “prototype.” We’ll be using that word a lot as we redesign our homemade heaters, so let’s add it to the Word Wall.

See the example Word Wall definition and icon for “prototype” shown here. Work
with your class to make a similar one to post on your Word Wall.

Say, We know that models on paper are helpful for communicating ideas to others.
Engineers often have to submit a proposal or drawings of their plans before they get
the “go ahead” to build a prototype. Similarly, your team will need to show me your
model on paper before I give you the “go ahead” to build your prototypes. I want to be
sure you’ve thought through everything and that the design you’re planning will be safe
to build.



20 min4 · WORK IN TEAMS TO MODEL OUR REDESIGN ON PAPER
MATERIALS: Planning and Modeling Homemade Heaters, Design Model Must-Haves, chart paper or butcher paper, paperclip, team names on slide K or chart paper, Criteria and Constraints
chart, Helpful Features to Have in Directions chart

COLLABORATION Take the time to group students intentionally for these design teams. Students will remain in these teams for
the remainder of the unit. Consider how students have worked together in previous investigations be in the
teams use those observations to inform intentional groupings when you are creating design teams (which begin
working together in Lesson 6 and will continue together for the remainder of the unit). Consider grouping
students of different genders, math abilities, and personalities.

Supporting Emergent Multilinguals
It is helpful to intentionally group emerging multilingual students with certain peers. Sometimes this could be
peers who know the same languages as them, while other times it could be peers whose English language
development is slightly more advanced. It is important that this grouping be thoughtful, and that it varies
throughout the course of a unit so that students benefit from working with different peers.

Give directions for getting into teams. Say, When I give you your teams, your first task will be to decide on a team name. This will make it easier for
us to talk about the designs you create together and choosing a name will be your first chance to show how you can follow your teamwork
expectations. When you’ve decided on a name, send a teammate up here to record it on our slide (or chart paper). I will also hand each team a copy
of Design Model Must-Haves and a piece of chart paper (or butcher paper) for you to use for modeling your design. Then you can get started on your
work.

Display slide K or the chart paper you’ve prepared with team members and spaces to collect their team names. Direct teams to gather at
their workspaces and get started. Distribute Design Model Must-Haves and a piece of chart paper or butcher paper to each team. Be sure that
the class Criteria and Constraints chart and the list of helpful features to have in directions are in view so teams can use them for planning.

Allow teams the rest of today’s class period to work on their designs. Display slide L. Provide access to scales, containers, and building
materials (except reactants or water beads for food—those are reserved for constructing prototypes) so that students can explore how these
materials could be used in their designs and find out their masses in order to meet that constraint.

As they work, circulate and check in, especially paying attention to the amount of reactants that teams are planning to use.✱ If you do not
get to check each team’s plan for reactants today, you will want to be sure to do that before they begin building.

SAFETY
PRECAUTIONS

It is critical that students’ designs use NO MORE than 55 grams of total reactants (aluminum + copper sulfate)
and NO LESS than 200 mL of saltwater, or these reactants will get dangerously hot. Also, students should plan
to vent the container holding the reactants to avoid a potential “pop” that would release hot liquid or gas. If
students’ designs do not meet these requirements, direct them to revise their designs before building their
prototypes. Students will be able to successfully heat at least 250 grams of “food” with less than 55 grams total
reactants in 200 mL of water or more if they use the most efficient ratio and their packaging is well designed.

Collect designs in a safe place. Remind students that they will have more time next time to finish their models and draft their how-to
instructions before they begin building their prototypes.

✱ SUPPORTING STUDENTS IN
ENGAGING IN USING MATHEMATICAL
AND COMPUTATIONAL THINKING

Teams may choose to calculate the amount
of reactants they use in one of two ways. In
either case, they will want to use the most
efficient proportion as found in Lesson 5. If
they have a total mass in mind for the
reactants that they want to use in their
design, they may find the percentages of
that mass for aluminum (8%) and copper
sulfate (92%). Or, since they figured out that
0.5 grams of aluminum and 5.5 grams of
copper sulfate were the most efficient
amounts in Lesson 5, they may choose to
scale up that amount by doubling, tripling,
etc.



Before students leave the room, direct them to paperclip their Design Model Must-Haves to their chart paper model, and be sure these
are stored in a place in which they will be out of the way when other classes come in and where it’s easy for you to access them if

you’d like to assess them now (or wait until teams are continuing their work next time).

ASSESSMENT
OPPORTUNITY

Building toward 6.A.1 Undertake a design project to construct and test a solution that meets specific design
criteria and constraints, including the transfer of energy.

What to look for/listen for: Teams’ models should include all of the characteristics listed on Design Model Must-
Haves regarding criteria and constraints and also the particles of the substances in the flameless heater reaction
colliding with particles of the container(s) and the food to show how that transfer of energy happens.

What to do: If a team’s model does not include characteristics related to the criteria and constraints (such as
cost or type of materials used), remind the team to go back and add those. If a team is struggling to calculate
the amount of reactants they want to use, suggest that they base their plans on prior test results, such as those
from Lesson 5 (that 6 grams of total reactants in the most efficient proportion was able to heat up significantly)
and consider if they might double or triple that amount (knowing that they will need more energy to heat more
food). If a team’s model does not include the energy transfer at the particle level, it may be helpful to refer back
to the initial consensus model you made as a class that shows how the MRE heater’s particles were moving and
ask the team to consider how that might be similar to their model. If these students experienced OpenSciEd
Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design Unit), referring back to the
models they drew of the energy transfer happening with their cups may also be helpful.

An example model is shown here, but please note that there will be many potential successful designs; there is not one correct solution to
this task. Also, example first-draft instructions for this design are available in Example Heater Instructions.





25 min

8 min

End of day 1

5 · FINISH MODELING ON PAPER AND WRITING INSTRUCTIONS
MATERIALS: Planning and Modeling Homemade Heaters

Direct students to continue their design work in teams. Display slide M. As students enter the classroom, they can immediately retrieve
their Design Model Must-Haves and the models they started on chart paper last time. Again, they have access to scales and containers and
building materials (other than our reactants or water beads for food) so that they can explore how these materials can be used in their
designs, as well as find out their masses. Let them know they will have about 25 minutes today to finish their designs on paper, including the
draft of their how-to instructions.

ADDITIONAL
GUIDANCE

Depending on how much experience your class has with problem-solving, working in teams, and designing
investigations, they may need more time to develop a thorough model of their design. Adjust the time they
have for this work as needed and as your schedule allows.

Check every team’s model for safety. As teams work, be sure you are circulating among them and checking in on their designs. Specifically
you need to confirm that teams are:

using NO MORE than 55 total grams of reactants (copper sulfate + aluminum),
using NO LESS than 200 mL of saltwater, and
planning to vent the package that holds the reactants.

If their plans do not meet any of these requirements, tell them to adjust their plans accordingly to be sure that their device is safe.

6 · BEGIN BUILDING PROTOTYPES
MATERIALS: Constructing Prototype Homemade Heaters

Pause the class’s work to give directions for building. When teams finish their models and get their designs approved, they will be ready to
begin assembling their prototypes. Display slide N to provide safety reminders about wearing goggles and gloves and working carefully.
Display slide O to give directions about how students may begin

massing their copper sulfate and aluminum,
measuring and packaging 1 part water beads to 3 parts water to make their “soup” for food,
putting together their packaging and massing those components, and
cutting lids or implementing other types of venting for the reactant container.

Note: No saltwater is available yet because testing will not happen until the next class—we have not yet discussed our testing procedures.

Also, take time now to show the class how they will store their unfinished heaters in the classroom before testing next time so that, when
building time is over for today, they will know how to label their work and keep it out of the way until the next class.

ADDITIONAL
GUIDANCE

Students may choose to make their “water bead soup” in one of two ways. They could take the total food they
want to heat and divide it by 4 (for example, 200 grams of “food” divided by 4 means 50 grams of water beads
and 150 grams of plain water). Or, they could mass an amount of water beads that fit easily into the container
they want to use for food, multiply that mass by 3 and add that much plain water to their container. The 1:3
ratio does not need to be exactly perfect; it is a recommended guideline to be sure their “food” heats well.



12 min7 · PREPARING TO TEST DESIGNS
MATERIALS: science notebook, Design Testing Matrix

Gather in an Engineers Circle to plan for design testing. Display slide P.

Say, You all have worked hard in your teams! You have modeled on paper to plan and communicate about your designs, and we’re almost ready to
build prototypes. But we know that a prototype is meant to be tested. And we know that engineers rely on systematic testing to help improve their
designs. So, what do we need to do when we test our prototypes to be sure that our results can help inform our future designs? Turn and talk with a
neighbor about that.

Invite students to share their thinking about this question: “How will we test our prototypes in a systematic way?” Listen for responses, such
as

we all need to record our data accurately and
we need to gather data for all the parts of our criteria and constraints chart, such as

mass of the entire prototype (when and how to mass the parts or the whole thing),
the temperature of the “food” (when and how to measure the temperature), and
how long it takes to heat up (when and how to start timing).

Display slide Q. Say, So, I hear you saying we all need to be sure to record the same kinds of data because we’re going to want to know whether we
have met our criteria and constraints.✱ So it sounds like the matrix of criteria and constraints will really help us test our designs. I have a handout for
you that’s called just that—a Design Testing Matrix—and it lists our criteria and constraints across the top and has a row for you to collect data from
your test in this lesson. The other rows will be for collecting other data later.

Display slide R. Say, And as you mentioned, we have some procedures for everyone to follow that will help us stay safe and collect accurate data.✱
We need to complete all of the following;

Find the mass of the entire flameless heater with food, packaging, and reactants (You could measure those separately and add or find the
total mass after you’ve assembled everything but before the reaction begins, depending on your model.).
Test your heater on a tray (do not include that mass as part of your total—it’s there just in case of spills).
Begin watching the clock as soon as reactants are combined, and watch for at least 10 minutes (until the food temp starts to decrease).
Follow the directions on your how-to instructions about whether or not to swirl or stir the reactants.
Measure the food temperature at least every 5 minutes by putting the probe into the “water bead soup” (without touching the container).

Record times and temperatures in your science notebook so that you can see at what time the food reached its max temperature.
Follow our classroom instructions for cleaning up: what materials to rinse and reuse, how to collect “spent” reactants and liquid, what to put
in the trash or not, etc.

Create a simple data table in science notebooks. Display slide S and direct students to make a simple table (such as the one shown on the
slide) to collect the time and temperature data for their design, as well as consider the cause(s) for the temperature change happening.

Distribute Design Testing Matrix and display slide T. Instruct students to add this matrix to their science notebooks (over two pages, as
shown on the slide).

Update the table of contents. As a reminder, have students periodically update the table of contents in their science notebooks. If they don’t
have time now, you may choose to have students come back to this task during testing next time while they’re waiting to record
temperatures, etc.

Tell students that, now that we have all of our testing procedures in place, we are ready for testing when we come to class next time!

✱ ATTENDING TO EQUITY

This discussion might be a good time to
remind students that this task is not a
competition, and we will not be declaring a
winner. We are all trying to develop a device
that will help people. It is possible, even
likely, that several proposed solutions will
work pretty well. You may have some
students who need support building a
growth mindset—”This is hard work, but we’re
sticking with it because that’s how we can get
better at hard things. We’re working to get
better, not to win. If we see someone else
who is successful where we’re not, we can
think, ‘What are they doing that I can try,
too?’”

✱ ATTENDING TO EQUITY

Universal Design for Learning: If you think it
would be helpful to supporting the executive
function of your students, you might create a
handout checklist of these procedures
(including steps specific to your classroom)
so that they can self-monitor their actions
and expressions during design testing.

End of day 2



25 min8 · TEST DESIGNS
MATERIALS: Testing Prototype Homemade Heaters, science notebook

Navigate into today’s work. Display slide U, and be sure everyone is ready to be safe and record today’s test data in their notebooks. Display
slide V and briefly review protocol for testing designs and cleanup (show slide W, then flip back to slide V for testing).

ALTERNATE
ACTIVITY

Extension: If resources are available, you may direct students to take photos or videos of their designs at several
points during testing. These images might be helpful in informing future redesigns and/or communicating with
others about their designs.

ADDITIONAL
GUIDANCE

You may choose to have your teams take on certain roles during testing. For example, one person might be in
charge of the thermometer reading temperatures, another person recording data, and a third taking photos (see
above). Other teachers may choose to have their teams take turns in these tasks throughout testing, in order to
allow everyone a chance to participate in each of these parts of testing.

Distribute Engineering Design Rubric for students to begin reading during testing downtime. Say, This is the rubric you will use to assess your
work as engineers after testing. In order to use our time wisely, read through this rubric while you’re waiting between temperature checks and other
observations of your flameless heater design. You’ll have time after testing to fill out the rubric as a team.

Direct teams to get to work testing their designs. As teams are working, circulate to check in and be sure teams are assembling and
using their designs as indicated in their models and how-to instructions.

ASSESSMENT
OPPORTUNITY

Building toward 6.B.1 Collect data about the patterns of performance of a proposed design by testing a
physical model.

What to look for/listen for: Students should record data in their notebooks and on their Design Testing Matrix to
find patterns about what specific design characteristics caused the temperature change of their “food.”

What to do: During testing, remind students to consistently monitor the time and temperature of their “food.” If
students are having trouble connecting the patterns in their data (effects) to the characteristics of their design
(causes), redirect their attention to the guiding question: “Why is the food’s temperature changing?” Beyond just
“the reaction is transferring energy to the food,” ask them what specific characteristics of their design might be
helping or hindering that energy transfer. Or, do they need more or less energy available to be transferred?

In regard to the results of their testing, it is unlikely that a team will hit every single criterion and constraint in
this redesign round. However, if a team does happen to meet the expectations of an optimal design, challenge
them to consider how they can still improve their design: How can they be sure their directions are easy to
follow? Could the design cost less? Heat more food? Heat the food faster? Use fewer materials? Use
environmentally friendly materials? There are many options for continuing to optimize this design.

Provide reminders for cleanup as needed. As teams finish their tests, display slide W and be sure they are collecting liquids and rinsing
containers as directed.



7 min9 · SELF-ASSESS ENGINEERING PRACTICES IN TEAMS
MATERIALS: Engineering Design Rubric

Complete the Engineering Design Rubric in teams. Display slide X.

Say, Take some time with your team to assess how well you’ve been able to apply what you’ve figured out
about what engineers do. I will use this same assessment (rubric) to assess your work, as well. After another
redesign in the future, we all will reassess our engineering work again to see the progress we’ve made.
Remember to continue to follow our expectations for teamwork as you decide together how to rate your
work.

Give teams time to complete the rubric and hand it in as they finish for you to use, as well.

ASSESSMENT
OPPORTUNITY

Building toward 6.A.2 Undertake a design project to construct and test a solution that meets specific design
criteria and constraints, including the transfer of energy.

What to look for/listen for: Collect Engineering Design Rubric from teams and use a different color ink to add
your own assessment to it.

What to do: At this point in the unit, this rubric rating should be considered a formative assessment, as students
will have more experiences with engineering design in upcoming lessons. For example, teams will likely all score
“beginning” on “Combining Parts of Design Solutions” in Lesson 6 because they will not have had a chance to
compare their design with other teams’ until Lesson 7. Likewise, it is not expected that teams will be at mastery
level for “Optimizing Design Solutions” until Lesson 9 when they have had a chance to redesign based on their
work leading up to that lesson. When teams (and you) reassess their work in Lesson 9 using this same rubric,
they should be able to show growth in these engineering design practices.



3 min

10 min

10 · INDIVIDUALLY SELF-ASSESS TEAMWORK
MATERIALS: Teamwork Self-Assessment

Individually complete the Teamwork Self-Assessment. Display slide Y. Direct students to turn back in
their notebooks to the Teamwork Self-Assessment they taped in on day 1 of this lesson. They should
take the next few minutes to individually reflect on their work with their team and independently
complete this self-assessment.

This assessment is intended as a space for student reflection, but if you are interested in responding to
their thoughts, you might ask students to leave their notebooks open to this page after class today so
that you can see it.

HOME LEARNING
OPPORTUNITY

If time is running short, students can complete the Teamwork Self-Assessment for home learning since it is an
independent reflection.

11 · UPDATE PROGRESS TRACKER
MATERIALS: “What We Do as Engineers” board

Update Progress Trackers. Display slide Z. Direct students’ attention to the “What We Do as Engineers” board and use prompts, such
as the following, to reflect on today’s work.

Suggested prompts Sample student responses

Think about the work you did today. What did you do as engineers
that’s already posted on this board?

We proposed design solutions—these designs were different than the
ones we first proposed on our own at the very beginning of the unit!

Again, we systematically tested several possible design solutions.

But this time, we tested the whole designs and not just parts of them!



Suggested prompts Sample student responses

Why several design solutions, if each group only tested their own? Well, no group’s design was the same, so as a class, we tested several
possible solutions.

And how was it systematic? We all were testing against the same criteria and constraints in our
Design Testing Matrix.

Say, OK, I think we need to add something to our “What We Do as Engineers” board to show that we came back to proposing designs again. We
already have sticky notes here, so I’m just going to add another “end” to this arrow to show that we’ve gone back and forth between proposing designs
and optimizing them. And, again, this systematic testing of different solutions was a big part of what we did as engineers. Take a moment to write in
your Progress Tracker about what you learned from this testing—how will it help you in your designs?

After a few minutes of writing time, continue the discussion with prompts such as these.

Suggested prompts Sample student responses

Think back to the work we needed to do to prepare for today’s testing.
What did we do as engineers that may or may not already be on our
board?

We had to do a lot of planning.

We had to get our designs approved.

We had to draw models before we could build prototypes.

Do we see something like that on our board already? We have: “We developed a model to help us plan for how we can
improve our design.”

How was what we did this time different from the LOL energy models
we made when we wrote that on our board?

Those were showing how the energy moved through the different
systems, but the models we made this time were about the whole
heater—materials, energy transfer, and how-to instructions.

And those were just the on-paper drawn models… after that we built
models to test called prototypes.

Say, OK, so I hear you saying that we’re making models again to plan for how to improve our design, but we used different kinds of models. So let’s
add a smaller sticky note to the board here for “different kinds of models.” Then you all take a moment to write in your notebook what you have
figured out from using those different models that helped you with your design.



ASSESSMENT
OPPORTUNITY

Building toward 6.B.1 6.B Collect data about the patterns of performance of a proposed design by testing a
physical model.

What to look/listen for: Students should identify the different benefits for engineers of different types of
models, specifically comparing a drawn model to a physical prototype. See the example entries shown below.

What to do: If you notice that students have not been able to identify how different types of models help
engineers collect different kinds of data about the proposed performance of a design, make note of these
students so that you can follow up with them personally in Lesson 9. In that lesson, teams will build and test
another redesign by planning with a model on paper before constructing another prototype. So you can take
that opportunity to revisit this idea and ask the students how each of their different models is helping them
plan and test their proposed designs.

See an example here of possible student responses in the Progress Tracker, as well as an image of the updated “What We Do as Engineers”
board.

What did we do as engineers? What did we figure out that can help us with our designs?

We systematically tested parts of our design
solution.

We have more test data to inform our next redesign. We’re working
repeatedly to refine and improve our design.

We developed different types of models to
help us plan for how we can improve our
design.

Modeling on paper helped us plan how things would work without
using up materials.
Modeling on paper helped us communicate about our design to
others (such as our teacher).
Building a prototype helped us test how our design actually works.



Close today’s work. Say, You all worked really hard to design and test your flameless heaters, but there are still ways we can improve them, right?
That’s where we’ll go the next time we’re together!



Additional Lesson 6 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.MATH.CONTENT.6.RP.A.3 Use ratio and rate reasoning to solve real-world and mathematical problems,
e.g., by reasoning about tables of equivalent ratios, tape diagrams, double number line diagrams, or equations.

CCSS.MATH.CONTENT.6.RP.A.3.A Make tables of equivalent ratios relating quantities with whole-number
measurements, find missing values in the tables, and plot the pairs of values on the coordinate plane. Use
tables to compare ratios.

During this lesson and Lesson 9, students will scale up the amount of reactants to use in their homemade
heaters but maintain the same proportion of reactants they found to be most efficient in previous testing.

CCSS.MATH.CONTENT.6.RP.A.1 Understand the concept of a ratio and use ratio language to describe a ratio
relationship between two quantities. For example, "The ratio of wings to beaks in the bird house at the zoo was 2:1,
because for every 2 wings there was 1 beak." "For every vote candidate A received, candidate C received nearly three
votes."

CCSS.MATH.CONTENT.6.RP.A.3.D Use ratio reasoning to convert measurement units; manipulate and
transform units appropriately when multiplying or dividing quantities.

During this lesson and Lesson 9, students will need to calculate the correct amounts of water beads and plain
water to make “water bead soup” as a proxy for food in their prototype heaters. The ratio of water beads to plain
water is 1:3 (1 part water beads to 3 parts water), and students will measure the beads and water in grams.


