
LESSON 9: What is our optimal design for a homemade flameless heater?
PREVIOUS LESSON We used ideas about the most promising design characteristics to investigate whether making those changes would impact other characteristics of our design.

We considered these consequences and how they would affect stakeholders to come to a group consensus about the changes we wanted to implement before
another group tested our homemade heater designs.

THIS LESSON

INVESTIGATION

3 days

We redesign and optimize our homemade flameless heaters to target our highest priority criteria and constraints
using the most promising design features. We build and test prototypes using a Design Testing Matrix based on
our criteria and constraints. We refine our how-to instructions and give them to our partner team to build
prototypes and test them. We reflect on our work with a self-assessment to evaluate our work as engineers and
how well we individually meet expectations as teammates. We revisit our Design Questions Board to address
any remaining questions.

NEXT LESSON Students will demonstrate their understanding on a summative assessment transfer task involving sea turtle incubators. In this assessment they will evaluate
different designs and develop an argument for which sea turtle incubator design or combination of design features would work best based on relevant criteria
and constraints.

BUILDING TOWARD NGSS

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

WHAT STUDENTS WILL DO

9.A Communicate technical information in writing about how to transfer energy through a system that was designed to perform better than any of
its predecessors by using parts of different solutions.

9.B Optimize performance of a design that transfers energy through a system by prioritizing criteria, making trade-offs, testing, revising, and re-
testing a design that incorporates characteristics of designs that performed the best in each test.

WHAT STUDENTS WILL FIGURE OUT

Design performance needs to be optimized by revising and retesting.
Parts of different solutions can be combined to create a solution that is better than any of its predecessors.
Designs and instructions need to be peer tested to inform modifications that will lead to a better solution.



Lesson 9 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Consider the updated designs from last class and review how designs have been
systematically tested.

A “What We Do as Engineers” board

2 40 min UPDATE OUR DESIGN PLANS IN TEAMS B-E Design Testing Matrix (from Lesson 6), Teamwork Self-Assessment
(from Lesson 6), chart paper or butcher paper, markers, Planning and
Modeling Revised Homemade Heaters Lab

End of day 1

3 30 min BUILD AND TEST OUR REVISED DESIGNS
Teams build and test their optimized designs and record data on their Design Testing
Matrix.

F-K Design Testing Matrix, team design models, how-to instructions,
Building and Testing Revised Homemade Heaters Lab

4 5 min PREPARE TO HAVE ANOTHER TEAM TEST HOW-TO INSTRUCTIONS
Teams do a quick revision of the how-to instructions for their revised heaters and
prepare Partner Info Sheet for Final Design for another team.

L how-to instructions, Partner Info Sheet for Final Design

5 10 min EXCHANGE DESIGNS WITH ANOTHER TEAM
Begin building a partner team’s design using their how-to instructions. Record data on
Partner Info Sheet for Final Design.

M revised design how-to instructions, Partner Info Sheet for Final Design,
Partner Testing Homemade Heaters

End of day 2

6 20 min CONTINUE EXCHANGING DESIGNS WITH ANOTHER TEAM TO HEAT UP FOOD
Continue building and testing a partner team’s design. Record data on Partner Info Sheet
for Final Design and exchange testing data when complete.

N-O Design Testing Matrix, partner team homemade heater instructions,
Partner Info Sheet for Final Design, Partner Testing Homemade Heaters

7 5 min SELF-ASSESS ENGINEERING PRACTICES IN TEAMS
Teams work together to assess their final designs and their work as engineers.

P Engineering Design Rubric

8 5 min INDIVIDUALLY SELF-ASSESS TEAMWORK
Students independently rate themselves against the expectations for teamwork they
used in Lesson 6 and that they reviewed earlier in the lesson.

Q Teamwork Self-Assessment

9 15 min REFLECT ON WHAT WE’VE ACCOMPLISHED
Revisit the DQB with the whole class and take stock of all of the questions we’ve now
answered. Ask new questions to help clarify class models in preparation for the
summative assessment in the next lesson.

R-T Questions from Our DQB, 5 sticky dots, Design Questions Board, space
for an Engineers Circle

10 2 min NAVIGATION
Close today’s work by considering all of the things we’ve figured out and begin to think
about applying it to another context.

End of day 3



Lesson 9 • Materials List
per student per group per class

Planning and Modeling Revised Homemade Heaters Lab
materials

digital scale
various containers
water
Materials Cost List
Design Model Must-Haves

Building and Testing Revised Homemade Heaters Lab
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 Model Must-Haves

Partner Testing Homemade Heaters materials goggles
gloves

digital scale
various containers
hydrated water beads
cup of shredded aluminum
cup of copper sulfate
parchment paper squares
trays
spoons
saltwater

Lesson materials science notebook
Design Testing Matrix (from Lesson 6)
Teamwork Self-Assessment (from
Lesson 6)
Design Testing Matrix
Teamwork Self-Assessment
Questions from Our DQB
5 sticky dots

chart paper or butcher paper
markers
team design models
how-to instructions
Partner Info Sheet for Final Design
revised design how-to instructions
partner team homemade heater
instructions
Engineering Design Rubric

“What We Do as Engineers”
board
Design Questions Board
space for an Engineers Circle

Materials preparation (90 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.



Check to be sure students have Design Testing Matrix and Teamwork Self-Assessment from lesson 6 in their science notebooks or print additional copies. Print out 4 copies of Partner
Info Sheet for Final Design per class and cut them in half so you have one half-sheet per team.
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, use the estimated costs of those
materials that were determined in Lesson 6. Students will refer to Materials Cost List from Lesson 6.
You may want to take time to intentionally plan which teams will exchange how-to instructions and build and test each other's designs in days 2 and 3. Use the observations you’ve
made about the successes and challenges that design teams are facing to inform how you pair partner design teams. List partner teams on slide N or on a piece of chart paper.
Decide how you will arrange your classroom to allow for 8 teams to work together.
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.
Create the handout Questions from Our DQB for your class: Use a digital copy of Questions from Our DQB as a template. List all of the questions that students developed on the Design
Questions Board on the bottom of the handout. For ease of reference you can number each of the questions on the DQB and make sure the handout has the corresponding number
next to that question. Then, print sufficient copies for each student.

Day 1: Planning and Modeling Revised 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.

Days 2 and 3: Building and Testing Revised Homemade Heaters Lab
Group size: Teams of 3
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.
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” per test (their own revision on day 2 and a partner
team’s revision on day 3). Exact water bead absorbency will vary by brand, but for approximately 1600 grams of hydrated water beads, add a teaspoonful (about 16 grams)
of dry water beads to 1600 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. (Reminder: Teams will be combining 1 part hydrated beads with 3
parts plain water to create the “water bead soup” they will use as a proxy for food during testing.) 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 at room temperature 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 64 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: This is the last time you will use
shredded aluminum foil.Fill 8 styrofoam cups per class with about 5 grams of shredded aluminum foil for day 2. Teams can bring these cups to their work areas to measure
out the amount they need for their design, then return whatever they don’t use that is still in the cup. Refill the cups as needed for day 3.



Fill 8 styrofoam cups per class
with about 55 grams of copper
sulfate per cup for day 2. Teams
can bring these cups to their
work areas to measure out the
amount they need for their
design, then return whatever
they don’t use that is still in the
cup. Refill the cups as needed for
day 3.
On days 2 and 3, 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).
Prepare 5000 mL of saltwater per class; this allows a class to use 2500 mL on
day 2 and day 3. This may be more easily done in 10 batches of 500 mL each
by adding 3 grams of table salt to a container of 500 mL of water. Stir to make
sure 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 teams can measure out what they need into their own containers.
On days 2 and 3, 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: Teams will build and test their revised homemade flameless heaters on day 2, so materials for building and testing should be available. After teams have
built and tested their own design on day 2, you may want to collect and put away any remaining saltwater, since teams will not actually test a partner team’s design until day 3. Be
sure to confirm that students are venting the containers where the reactions are happening to avoid build-up of hydrogen gas or having them pop open and cause a splash.

Safety: Everyone should wear safety goggles and gloves when using copper sulfate. 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. As teams build designs, confirm that they 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: After designs are tested, dispose of solid wastes (pieces of aluminum and copper) in the garbage and dispose of liquid waste as directed in the teacher reference Safety
Information for Copper Sulfate Pentahydrate. Hydrated water beads can also be disposed of in the garbage. Rinse containers and leave out to dry and reuse next year. Do not dispose of
any materials after day 2, keep and refill them for testing on day 3.

Storage: Make a plan for how teams will keep their partner team models from the end of day 2 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. After day 3, unused saltwater can be poured down the drain. Aluminum foil and copper sulfate can
be retained for future lessons. Save extra dehydrated water beads for next year. All containers and cups can be retained for future lessons.



Lesson 9 • Where We Are Going and NOT Going
Where We Are Going

In this lesson, student teams apply their thinking from Lessons 7 and 8 around promising design features, ranking of criteria and constraints, and associated consequences to a redesign of their
homemade flameless heater. Teams build and test their redesign to gauge the effectiveness of their improvements and revise their how-to instructions. Teams then trade how-to instructions
with a partner team, and build and test each others’ final designs. The majority of the class period on day 1 is dedicated to allowing teams to redesign their homemade flameless heaters, and
this is their opportunity to incorporate significant changes if needed. After they test their redesign on day 2, they will only have enough time to revise their how-to instructions unless you
decide to provide them with additional time to do another redesign iteration.

As in Lesson 6, any time students redesign their homemade flameless heater, you will need to check their plans before they begin building and testing to make sure that their plans
include a way to vent the container,
use NO MORE than 55 total grams of reactants (copper sulfate + aluminum), and
use NO LESS than 200 mL of saltwater.

Where We Are NOT Going

In the spirit of collaboration, design performance should not be a competition. Teams should stay focused on identifying what worked or didn’t work and focus on the impact of their design
improvements based on what they learned from their peers and the Consequences Chart.



5 min

40 min

LEARNING PLAN for LESSON 9
1 · NAVIGATION
MATERIALS: science notebook, “What We Do as Engineers” board

Navigate to today’s work. Display slide A.

Direct the students to look at the “What We Do as Engineers” board. Say, We ended up considering our stakeholders and updating our designs.
Let’s summarize how we came up with these ideas and what we accomplished last class.

Suggested prompts Sample student responses

How have we systematically tested parts of our design solution? We systematically tested parts of our design solution by sharing
results with our classmates and clarifying the cascading
consequences.

What criteria did you modify to optimize your design? What are the
possible effects of these changes?

Students need to explain the cascading effects of any change they
want to make in their designs.

2 · UPDATE OUR DESIGN PLANS IN TEAMS
MATERIALS: Planning and Modeling Revised Homemade Heaters Lab, science notebook, Design Testing Matrix (from Lesson 6), Teamwork Self-Assessment (from Lesson 6), chart paper or
butcher paper, markers

Reflect on the self-assessment from Lesson 6. Display slide B.

Say, We want to improve on being part of a design team, so let’s look at our self-assessment sheet from
Lesson 6 in our science notebooks and reflect on how you are doing as a team member.

Give students a few minutes to write a goal in their science notebooks.

Plan redesign on paper. Display slide C. Say, We aren’t starting from scratch because we have evidence
shared from our classmates that has been combined to create a better solution than the design we tested
before. Let’s look at our Design Model Must-Haves for our revised design. Hand groups Design Model Must-
Haves; they will turn this in at the end of this class period and use it again next class period.✱

Display slide D. Hand out blank chart paper to groups. If groups have sufficient space for revisions on
their previous model, you may have them revise that model instead. Say, We know that this redesign will
have to explain how we combined different parts of previous designs to create an optimal solution (better
than we had before).

✱ ATTENDING TO EQUITY

Universal Design for Learning: Design Model
Must-Haves can be used as a checklist to
help students manage this multi-step task of
modeling the new design. Additionally,
frequent check-ins using the engineering talk
moves can help students stay focused and
engaged. For example, you can ask a group
the following: “How does changing
_______make your design even better?
What might you add next to your redesign?
Can you tell me about your design? How did
you modify _________ criteria based on
prior testing?”



ADDITIONAL
GUIDANCE

Point out the opportunities for students to justify and summarize their thinking in the Design Model Must-Haves.

If possible, students should include an LOL energy model as justification for needing to increase/decrease
reactants. Students used LOL energy models in Lessons 3 and 5 to explain energy transfer through the system
and Lesson 10 will require students to complete an LOL energy model. Using an LOL energy model in this
lesson depends on the group's design and whether or not they decide to change the amounts of reactants.
Prompt students to model why they think changing the amounts will improve their design. The first LOL energy
model they would draw would be the amounts of reactants used in Lesson 6 and the second would be the
increase/decrease they plan to use in this lesson. Students may choose to do this on a separate sheet of paper
if they don’t have enough room on their model.

Remind students to update their how-to instructions. After about 10 minutes of design planning work, say, Remember when we write our
how-to instructions, we must keep in mind that another team will be responsible for following them, so we want to make sure they are complete. We
will get a chance to confirm that our directions are complete when we do our trial run next class.

Walk around the room and check that each team completes their how-to instructions. Make sure that teams are also completing
question 2 on Design Model Must-Haves about how they have improved their instructions.

ASSESSMENT
OPPORTUNITY

Building towards: 9.A Communicate technical information in writing about how to transfer energy through a
system that was designed to perform better than any of its predecessors by using parts of different solutions.

What to look for/listen for: Teams’ how-to instructions should be clear and easy to follow and should include
but are not limited to the following items listed on Design Model Must-Haves:

amounts of reactants
types of materials to be used
how to vent the gases
how to measure the temperature

What to do: If a team’s how-to instructions do not include the items listed above, remind the team to go back
and add those. If a team is struggling to write clear instructions, suggest that they number their instructions and
think about instructions they have read before. If a team is still struggling, have them watch how-to videos as an
example of helpful instructions.

ALTERNATE
ACTIVITY

If possible, students may want to create a video or type their how-to instructions (especially if that would be an
improvement in the ease of use for their design from a previously written-out version of the directions). If you
choose to allow students this video option, they would film their videos during the trial run on day 2, but then
they may need extra time to edit the video before another team tests the design on day 3.

Teacher approves updated plans. Display slide E. Approve groups’ updated plans, especially for safety and their plan for how to vent
the hydrogen gas and hot air out of their heater.

https://www.google.com/url?q=http://www.nap.edu/openbook.php?record_id%3D13165%26page%3D206&sa=D&ust=1592490840862000
https://www.google.com/url?q=http://www.nap.edu/openbook.php?record_id%3D13165%26page%3D206&sa=D&ust=1592490840863000
https://www.google.com/url?q=http://www.nap.edu/openbook.php?record_id%3D13165%26page%3D206&sa=D&ust=1592490840863000


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 they 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 of total reactants
in 200 mL of water or more if they use the most efficient ratio and their packaging is well designed.

ASSESSMENT
OPPORTUNITY

Building towards: 9.B Optimize performance of a design that transfers energy through a system by prioritizing
criteria, making trade-offs, testing, revising, and re-testing a design that incorporates characteristics of designs
that performed the best in each test.

What to look for/listen for: Teams’ models should include all of the characteristics listed on Design Model Must-
Haves, including justifying and summarizing why changing the criteria and constraints optimizes their designs:

justification for amount of reactants used
reasons for any changes in materials
trade-offs considered when calculating cost, etc.
quick summary of trade-offs based on Consequences Chart

What to do: If a team’s model does not include reasoning for their changes, remind the team to go back and
look at their Consequences Chart from Lesson 8. Also suggest that they base their changes on their (other
groups’) prior test results. 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, which 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 that they drew of the energy transfer happening with their cups may also be
helpful.

End of day 1



30 min3 · BUILD AND TEST OUR REVISED DESIGNS
MATERIALS: Building and Testing Revised Homemade Heaters Lab, science notebook, Design Testing Matrix, team design models, how-to instructions

Navigate into today’s work. Say, Last class, we spent a lot of time redesigning our homemade flameless heaters. I bet you are all anxious to build
and test them out, so let’s get going!

ADDITIONAL
GUIDANCE

If you were not able to approve each team’s revised design on day 1, be sure to finish doing so before allowing
teams to begin building. Confirm that all revised designs

use NO MORE than 55 total grams of reactants (copper sulfate + aluminum),
use NO LESS than 200 mL of saltwater, and
include a way to vent the container holding the reactants.

Review directions for building. Display slide F and review the types of things teams will do as they follow their how-to instructions to build
their revised homemade heater.✱ These include:

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.

To avoid students confusing the water used for their “soup” with the saltwater, ask them to hold off on measuring out their saltwater until
they are finished building their design and are ready to test it.

Prepare to test designs. Display slide G. Have everyone turn to their Design Testing Matrix from lesson 6 in their science notebooks and write
“my team’s second design” in the first column of the next blank row. Ask each student to be ready to record today’s test data in that row.
Display slide H and invite students to set up a simple data table (such as the one shown on the slide) to collect the time and temperature
data for their optimal design, as well as record any observations they make during testing.

Display slide I and briefly review the protocol for testing designs that was followed in Lesson 6. Remind teams to begin watching the clock as
soon as the saltwater is combined with the dry reactants and collect temperature data for at least 10 minutes (until the food temp starts to
decrease). As in Lesson 6, teams should record temperature at least every 5 minutes if they are opening a lid to place the thermometer in the
“food.” If teams choose to leave the thermometer in the “food” for the entire time, they can collect temperature data more frequently.

Review safety reminders. In addition to testing their design on a tray, remind students to stay safe by wearing goggles and gloves, using a
vent for their reactant container, and working carefully to avoid spills as shown on slide J.

Direct teams to get to work assembling and 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. Prompt teams to look for places where they find
their own how-to instructions to be confusing. Remind team members to record data in their own science notebooks when they are not
actively involved in testing.

Remind students to follow cleanup procedures. As teams finish testing their designs, display slide K and draw their attention to the cleanup
procedures.✱

Update the table of contents. As a reminder, have students periodically update the table of contents in their science notebook.

✱ ATTENDING TO EQUITY

You may choose to have team members
take on certain roles as they build and test
their revised homemade heaters. Possible
roles include but are not limited to

massing reactants,
packaging the “food,”
assembling containers and making
the vent,
reading temperatures from the
thermometer,
monitoring time, and
recording data.

To allow everyone a chance to participate in
the different aspects of building and testing
designs, you can encourage team members
to take turns conducting different tasks.

✱ ATTENDING TO EQUITY

Universal design for learning: If you think it
would help support the self-regulation of
your students, you might create a handout
checklist of these procedures (on slides G
and J-L, including steps specific to your
classroom) so that they can self-monitor
their progress and sustain the effort and
concentration needed to build and test their
redesign.



5 min

10 min

4 · PREPARE TO HAVE ANOTHER TEAM TEST HOW-TO INSTRUCTIONS
MATERIALS: science notebook, how-to instructions, Partner Info Sheet for Final Design

Ask teams to prepare to exchange how-to instructions. Hand out one half-sheet of the Partner Info Sheet for Final Design to each team and
display slide L. Instruct teams to fill out their team name, class period, and the total cost of the heater in their revised design (this should be
in Design Testing Matrix in their science notebooks under “my team’s optimal design”).

Direct teams to make quick revisions to their how-to instructions. Tell teams that they have 5 minutes to make quick revisions to their how-
to instructions. Ask them to focus on areas where they found their own instructions to be confusing so that they can clarify them for their
partner team. Ideally, their instructions should be clear enough for their partner team to meet or exceed the test results that they obtained.
Emphasize that the instructions must still follow the design that was approved at the end of day 1.

ALTERNATE
ACTIVITY

After teams test their own revised design, you may want to give them more time to undergo another round of
redesign and testing. Students will probably need another class period to make and test meaningful design
modifications. This decision is up to your discretion and should be based on available time and student interest.
This option might be helpful for teams that have failed to meet the temperature criteria or if you want groups to
have more time for smaller adjustments. Be sure to provide teams with fresh copies of Design Model Must-Haves
and remind students to back up whatever modifications or tweaks they make with evidence/data they
collected. You will need to approve their new designs and teams will also need to create another on Design
Testing Matrix to record their test results.

ADDITIONAL
GUIDANCE

You can use the time during which teams are revising their how-to instructions to assign partner teams.
Consider pairing teams that had similar levels of success in Lesson 6 and avoid pairing teams with the highest
functioning and lowest functioning designs together. To save time, determine partner teams before class and
post them to either slide M or on chart paper as indicated in [table:materials-preparation].

5 · EXCHANGE DESIGNS WITH ANOTHER TEAM
MATERIALS: Partner Testing Homemade Heaters, science notebook, revised design how-to instructions, Partner Info Sheet for Final Design

Share partner team assignments. Say, We are ready to see if our instructions and designs hold up when another team is asked to build our
homemade flameless heaters. Show slide M (or chart paper) listing the team pairings. Ask a representative from each team in a pairing to
exchange their partially filled out Partner Info Sheet for Final Design half-sheets and their revised design how-to instructions. Ask testing
teams to fill in their team name on Partner Info Sheet for Final Design that they received from their partner team.

Give teams time to begin assembling their assigned heater. Ask teams to read through their partner team’s how-to instructions and begin
assembling their heater. Let teams know that there will not be enough time for them to test designs today, so they will not have access to
saltwater until the next class.

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.

End of day 2



20 min

5 min

6 · CONTINUE EXCHANGING DESIGNS WITH ANOTHER TEAM TO HEAT UP FOOD
MATERIALS: Partner Testing Homemade Heaters, science notebook, Design Testing Matrix, partner team homemade heater instructions, Partner Info Sheet for Final Design

Build and test partner team’s design. Project slide N. Direct students to finish building their partner team’s design according to their how-to
instructions. Partner teams should verify that the device will vent properly and complete the “Total mass of food + reactants + packaging” box
on Partner Info Sheet for Final Design before moving into the testing phase.

As teams are working, circulate to check in and be sure teams are assembling and using the designs as indicated in their how-to instructions.
Hand out saltwater to teams that have finished building and are ready to test, directing them to follow all previous safety protocols. Partner
teams should complete Partner Info Sheet for Final Design as they are testing; the last column of the handout should include specifics about
why or why not their partner teams instructions were easy to use.

Exchange partner data and compare Lesson 9 testing results. Display slide O. When both partner teams are finished collecting data, they
should exchange Partner Info Sheet for Final Design with each other and input these test results in Design Testing Matrix in their student
notebooks. Allow groups to ask each other clarifying questions about the data collected on Partner Info Sheet for Final Design.

Remind teams to compare the results that their partner team generated for testing their device to their own as evidence of how clear their
how-to instructions were to follow.

Provide reminders for cleanup as needed. As teams finish their tests, be sure they are collecting liquids and rinsing containers as directed. If
students finish early, direct teams to begin completing Engineering Design Rubric.

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

Complete the Engineering Design Rubric in teams. Display slide P. Distribute Engineering Design
Rubric to each team.

Say, Let’s see what kind of progress we’ve made on our engineering work. 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. Continue to follow our expectations for teamwork as
you decide together how to rate your work, and remember, it’s not assessing how successful our design was,
but how well we were able to apply what we’ve learned about what engineers do.

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



5 min

ASSESSMENT
OPPORTUNITY

Building towards: 9.B Optimize performance of a design that transfers energy through a system by prioritizing
criteria, making trade-offs, testing, revising, and re-testing a design that incorporates characteristics of designs
that performed the best in each test.

What to look for/listen for: As teams reflect on their work in Lesson 9 to complete Engineering Design Rubric,
make sure students are referring to their optimal design model and the associated test results recorded on
Design Testing Matrix in their science notebooks. At this point in the unit, this rubric rating can be considered a
summative assessment, as students have had more experience with engineering design in this lesson and
previous lessons.

What to do: If students are struggling to identify where their team is at on Engineering Design Rubric, ask them to
point to specific evidence of a category and level of mastery on their optimal design model and/or the Lesson 9
data on Design Testing Matrix. Ask them how they incorporated the most promising design components (Lesson
7) and thought through the consequences of design changes in Lesson 8. Push them to make an evidence-
based argument for why they circled certain statements.

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

Individually complete the teamwork self-assessment. Display slide Q. Hand out a new version of the
Teamwork Self-Assessment. Cue students to look back at the goal they set for working as a team at the
beginning of the lesson. Then direct students to think about how they worked with their teams in
Lesson 9. They should take the next few minutes to individually reflect on their work and
independently complete this self-assessment. If you are running short on time, assign the self-
assessment as home learning.

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.

ALTERNATE
ACTIVITY

If there is time, you may wish to have students compare their team Engineering Design Rubric from Lesson 6 to
that of Lesson 9. Hand back the copy from Lesson 6. This is an excellent opportunity for students to reflect on
growth in their design team’s thinking about engineering practices and their ability to execute them within their
revised prototypes. Improvement in their designs in one or more matrix categories can be seen as evidence
that they applied what they learned from previous tests to their optimal designs in Lesson 9.

Similarly, you may wish to have students compare their Teamwork Self-Assessment from Lesson 6 to that of
Lesson 9. Direct students to compare their Lesson 9 copy to that of Lesson 6 that should already be in their
notebooks.



15 min9 · REFLECT ON WHAT WE’VE ACCOMPLISHED
MATERIALS: science notebook, Questions from Our DQB, 5 sticky dots, Design Questions Board, space for an Engineers Circle

Direct students to our Design Questions Board to reflect on what we’ve accomplished.

Say, Wow, we’ve figured out so many different pieces to help answer our big question, “How can we help people design a flameless heater?” Let’s take
some time to revisit our questions on our DQB to see if we’ve answered any of our own questions.

Work in pairs to evaluate what questions the class has answered from the DQB. Display slide R.
Provide students with Questions from Our DQB, which you created to contain all of the student
questions from the DQB and have students tape it into their science notebooks. Have pairs of
students work to mark questions they think the class has answered.

We did not answer this question or any parts of it yet: O
Our class answered some parts of this question, or I think I could answer some parts of this
question: ✓
Our class answered this question, or using the ideas we have developed, I could now answer
this question: ✓+

Mark questions on the DQB with sticky dots, individually. Display slide S. Students should walk up to
the DQB and put 5 sticky dots on the questions that they think the class made progress on.✱

Then have students move into their Engineers Circle.

Look for patterns using the dot stickers. In the Engineers Circle, focus on the questions that have the
highest numbers of sticky dots.

Discuss as a class the questions the class can now answer. Present slide T if needed. Pick a few questions that have the most dots
and have the class discuss the answers to these questions as a group. If you have space, you might make a “Take-Aways” board that

has a record of the answers with which the class comes up.✱

Encourage students to ask questions to help clarify the models the class has built so far. Work through these questions together to clear up
the partial understandings.

✱ ATTENDING TO EQUITY

Revisiting the Design Questions Board is
important for students to feel as though their
questions are valued and recognized. While
not all questions will have been addressed
(it’s more likely that 60–75 percent will be at
least partially answered), this helps students
see that they have done this hard work to
answer many of their own questions.

✱ SUPPORTING STUDENTS IN
ENGAGING IN ASKING QUESTIONS
AND DEFINING PROBLEMS

Revisiting the DQB at the end of the unit
helps students see the progress they have
made toward answering questions that were
important to them at the onset of the unit.
Students were tasked with asking questions
“that require sufficient and appropriate
evidence to answer.” Through the
investigations in the unit and individual and
whole-group sensemaking, they can now
answer many of the questions.

This final visit to the DQB also allows
students to ask additional questions to seek
to clarify the several models that the class
has built over the unit to answer the driving
question, “How can we help people design a
flameless heater?” This is an opportunity to
help students with partial understandings as
they prepare for the summative assessment.



2 min10 · NAVIGATION
MATERIALS: None

Close today’s work. Remind students that they made great progress in the unit by figuring out how to help people create a flameless heater
through understanding What We Do as Engineers. Say, Let’s think about how we might apply what we’ve figured out to another context. We will
continue this in the next lesson!

HOME LEARNING
OPPORTUNITY

Students can keep track of any additional insights about What We Do as Engineers or questions from the DQB
review and complete any additional preparation for the summative assessment as home learning.

Additional Lesson 9 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.MATH.CONTENT.7.G.B.6 Solve real-world and mathematical problems involving area, volume and
surface area of two- and three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and
right prisms.

During this lesson, students may want to redesign their homemade heaters to increase the surface area of the
reactant system that is in contact with the food system. While mathematical calculation of surface area will not
be necessary for these design improvements, it may be helpful if students understand the concept of surface
area.

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.

During this lesson as in Lesson 6, 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."

During this lesson as in Lesson 6, 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.


