
LESSON 4: How can we refine our criteria and constraints?
PREVIOUS LESSON We tested different chemical processes to determine which might be a good candidate for our homemade flameless heater. We figured out that root killer and

aluminum foil caused the greatest temperature increase when mixed together in saltwater, so we moved forward with investigating the energy transfer from that
system using an LOL energy model.

THIS LESSON

PUTTING PIECES TOGETHER,
INVESTIGATION

1 day

 

In this lesson, we consider what we’ve learned so far about the chemical reaction and decide we need to define
our stakeholders to revise our criteria and define constraints for our homemade heater. We investigate the
relationship between food and temperature to determine the range of temperatures to which we need our food
to be heated. We also determine the cost and overall mass that will limit our homemade heater design. We
create a Design Matrix to keep track of how our designs align with the criteria and constraints during future
investigations.

NEXT LESSON We will analyze data to inform our design and meet our criteria and constraints. First, we will analyze provided data to determine how much food we can heat
up, and then we will conduct an investigation to determine which proportion of reactants will work best to heat up our food.

BUILDING TOWARD NGSS

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

WHAT STUDENTS WILL DO

4.A Analyze data by identifying patterns to define an optimal operational range for our homemade flameless heater designs that best meets
criteria for success because the more precisely a design task’s criteria and constraints can be defined, the more likely it is that the designed solution
will be successful.

WHAT STUDENTS WILL FIGURE OUT

We define our stakeholders and their needs to refine what our design solutions need to do.
We revise our criteria and specify constraints.
We create a Design Matrix to keep track of how our designs will align to our revised criteria and constraints.



Lesson 4 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 2 min NAVIGATION
Reflect on what we’ve figured out in Lesson 3 and consider what else we need to know to
inform our design.

A list of criteria and constraints (posted from Lesson 1)

2 5 min IDENTIFY STAKEHOLDERS
Discuss that, in order to really understand which of our criteria and constraints are
important, we need to think about who will be using the homemade heaters and add to
our Progress Trackers.

B

3 5 min CONSENSUS DISCUSSION TO ADD THE IDEA OF ENERGY TRANSFER TO OUR
EXISTING MODEL TO INFORM DESIGN DECISIONS
Use what we have figured out about energy transfer to update our classroom consensus
model. Use this representation to help refine what our solution needs to do.

C-D consensus model from Lesson 1, class LOL energy model from
lesson 3, Design Questions Board, “What We Do as Engineers”
board

4 5 min ORGANIZE THE CLASS-LEVEL “WHAT WE DO AS ENGINEERS” BOARD
Update our Progress Tracker, reflect on what we have done so far, and organize the class-
level “What We Do as Engineers” board.

E Revised class consensus model, class LOL energy model from
lesson 3, Design Questions Board, “What We Do as Engineers”
board

5 12 min OBTAIN INFORMATION FROM VARIOUS SOURCES TO REFINE OUR TEMPERATURE
CRITERIA
Use existing data to define a target temperature range to help make design decisions.

F-I Reading: How hot does food need to get so that people don’t get sick?,
Reading: What temperatures cause scald burn injuries?, Reading: What
temperature range makes food enjoyable to eat?

6 13 min REVISE INITIAL CRITERIA AND CONSTRAINTS CHART
Use the information collected about food temperature and access to materials and
instruction to revise the Criteria and Constraints chart and create a Design Matrix to keep
track of how different designs align to the matrix.

J-K Criteria and Constraints chart, blank chart paper and chart marker,
scale, all parts of the prepackaged MRE from Lesson 1

7 3 min NAVIGATION
Think about what steps to take next in order to efficiently plan and revise our homemade
heater designs.

L revised class consensus model

End of day 1



Lesson 4 • Materials List
per student per group per class

Lesson materials science notebook Reading: How hot does food need to get so that people don’t get sick?
Reading: What temperatures cause scald burn injuries?
Reading: What temperature range makes food enjoyable to eat?

list of criteria and constraints (posted from Lesson 1)
consensus model from Lesson 1
class LOL energy model from lesson 3
Design Questions Board
“What We Do as Engineers” board
Revised class consensus model
Criteria and Constraints chart
blank chart paper and chart marker
scale
all parts of the prepackaged MRE from Lesson 1
revised class consensus model

Materials preparation (50 minutes)
Be sure that you have materials ready to add the following word to the Word Wall: stakeholders and optimal/optimize. Do not post these words on the wall until after your class has developed
a shared understanding of the meaning of the words.

Decide how you will arrange your classroom to allow for students to have a discussion in the engineer’s circle so all students can see each other and the centrally located space where the charts
are posted.

Make sure a scale and the prepackaged MRE you saved from Lesson 1 are easily accessible so that you will be able to weigh the total MRE at the end of this lesson. After weighing, check the
food packages from the MRE. If they are damaged, punctured, or opened, discreetly dispose of them (after students have left the room). If the food packages are sealed, keep them for next
year (to the date indicated on the package) or follow your school’s policy or procedure to send the food home with a student who wants it.



Lesson 4 • Where We Are Going and NOT Going
Where We Are Going

In previous lessons, students mixed different substances to determine if any of them would be good candidates for our homemade heater. They noticed that root killer and aluminum foil
transferred a lot of energy when mixed together in saltwater and think it may work to heat up the homemade MRE. Students return to the problem and consider what they have figured out so
far and who the stakeholders are to clarify the criteria and define the constraints they will need to work within in order to inform the homemade heater design. They think about the
temperature to which food needs to be heated and the cost and weight of materials to build the homemade heater.

Where We Are NOT Going

Students will not focus on the details of the substances we mix together other than to consider the overall weight and cost. They will return to investigate the proportion of the reactants that
results in the appropriate amount of energy transfer to heat the food in Lesson 5.



2 min

5 min

LEARNING PLAN for LESSON 4
1 · NAVIGATION
MATERIALS: science notebook, list of criteria and constraints (posted from Lesson 1)

Navigate to today’s work. Display slide A and ask students to examine their Progress Tracker. Say, Last time we figured out that mixing “root
killer” and aluminum foil together transferred a lot of energy. Take a look at your Progress Tracker to think about what else we’ve figured out. Can we
just give this information to people and let them figure out the rest on their own? Like, “Hey everyone—use some root killer and foil to heat up your
lunch?” Turn and talk with an elbow partner to discuss what we should do as our next steps if we want to help people make homemade heaters to
warm up their food. What else did we learn about our reaction that might help direct our research?

After a minute bring the class back together to share their ideas.

Suggested prompts Sample student responses

Will someone share something that we learned about our reaction?
What did we figure out about mixing the substances last time?

We learned that the amount of substance is related to how much
energy gets transferred. Mixing up more substances transfers more
energy than when we mixed smaller amounts.

That’s great. So should we just tell people to mix as much as they have
together so that it can get super hot—surely their food will get warm,
right?

No, these need to be safe for people. We don’t want our heaters to get
so hot that they could burn people or start fires or something, but we
need it to increase the temperature enough to make the food warm
enough to eat.

Let’s check our Criteria and Constraints chart we made in Lesson 1—we
already have the idea that our substances need to heat up food, do
you think we need to get a little more specific? Does anyone have any
ideas about what we might need to work on next?

We could figure out the food temperature we should be aiming for
when we design our heaters.

2 · IDENTIFY STAKEHOLDERS
MATERIALS: science notebook

Develop a definition of “stakeholders.” Say, OK, so you mentioned that we want to design these so that they are safe—safe for whom?

Suggested prompts Sample student responses

Who do we need to consider when we think about this design? Who
will benefit from using these homemade heaters?

Well, people who will get to eat warm food will benefit.



Suggested prompts Sample student responses

Great! When we think about these people eating the food, we might
think of certain aspects of our design,like the taste of food, right? Is
there anyone else we need to consider when thinking about our design
that might care about something different?

People who need to make the heaters; t should not be difficult to
make them.

People who need to get the materials for the heaters; it should be easy
to get materials.

Are there any other people or even THINGS that will be impacted by
our homemade heater design?

the environment
recycling centers
landfills
places that sell the root killer, like gardening places
companies that make root killer

Update our Progress Tracker to include what we’ve learned about identifying our stakeholders. Say, Engineers refer to the people or things
that are impacted by the decisions as stakeholders. We just started defining our stakeholders. Let's see if we can specifically identify our stakeholders
for this design and add this to our Progress Tracker. Show slide B. Direct students to the Progress Tracker section of their science notebooks.

Suggested prompts Sample student responses

What should we record in our tracker? Who exactly did we identify
were the stakeholders for this particular design?

People who want to eat warm food.

People who will be buying the supplies.
People who are making the heaters.

(Possible others mentioned above.)

Great, go ahead and keep track of that in your Progress Tracker. This is
such an important idea, and, since many of us were not familiar with
this term, I’m also going to add this to our Word Wall. Can someone
help me come up with a definition for stakeholder that we could use
for any project, not just this one?

People who would use whatever you are designing.

People who would get help from what you are designing.

People who would get jobs making or selling what you design.

Companies that could make or sell the product.

(Possibly: The environment that would be impacted by resource use or
energy use from producing [maybe disposing of or recycling] the
materials.)

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

Identified stakeholders Our stakeholders are:
a person buying supplies and making the heaters,
a person eating the food heated up by the heater, and
the environment (if students bring it up—not critical).



Add “stakeholders” to the Word Wall. Say, So it sounds as though there are potentially both positive and negative effects possible for
stakeholders. They don’t always benefit from a design, so can we use
the word “impacted?” It’s a little more general and could be positive or
negative. And based on what you all said, it seems like a stakeholder is
not always an individual person either; it seems like we also named
groups of people, like employees, and even things like companies that
could be stakeholders.

ADDITIONAL
GUIDANCE

Allow any reasonable energy transfer to be represented on the model but also be sure to bring the discussion
back so that students are focusing on the energy transfers that they can somewhat control with their design.



5 min3 · CONSENSUS DISCUSSION TO ADD THE IDEA OF ENERGY TRANSFER TO OUR EXISTING MODEL
TO INFORM DESIGN DECISIONS
MATERIALS: science notebook, consensus model from Lesson 1, class LOL energy model from lesson 3, Design Questions Board, “What We Do as Engineers” board

Gather in an Engineers Circle. Display slide C. Ask students to bring their science notebooks and move into the Engineers Circle. Say, Since
we just thought a little more carefully about who will be using our homemade heaters, maybe we should check in on some of the pieces we’ve figured
out so far…are we on the right track? Let’s gather in an Engineers Circle so that we can all really focus on the work we’ve completed so far on our initial
consensus model, LOL energy model, Design Questions Board, and our Criteria and Constraints chart.

Consensus Building Discussion to add the idea of energy transfer to our existing model.✱ Draw students’ attention first to the posters
showing the LOL energy model and the consensus model.✱ Say, There is a lot of information here in these two models, but, now that we’ve
identified who our stakeholders are, will that help us focus on what we need to figure out next? Let’s first do a quick recap to help reorient us to these
models and what they are telling us.

✱ ATTENDING TO EQUITY

Use talk moves that encourage students to
clarify incomplete ideas and to encourage
students to add to the ideas of others. This
builds a culture of productive talk and a
classroom culture wherein all students will
be an integral part of the knowledge
building.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING ENERGY
AND MATTER

The language modeled during this discussion
is carefully chosen. Student language will not
likely have shifted from referring to heat to
instead talking about energy transfer. It will
be important to consistently model language
that reflects the transfer of energy to or from
different systems and to consistently use
clarifying questions to give students
opportunities to practice using the same
clear language about energy transfer when
they are discussing these ideas.



KEY IDEAS Purpose of this discussion: Link the initial consensus model with the LOL energy model to inform and focus
our design decisions.

Listen for these ideas:
The two models are different but related: One is focused on explaining how energy is transferred from
the system of reacting substances to other things, and the other model is focused on the design of
the homemade heater.
We can take information about energy transfer from the LOL energy model and apply it to the
consensus model.
We need to figure out more about the chemical reaction and how it relates to the amount of energy
transferred to the food.

Suggested prompts Sample student responses

We have two different models here with important ideas on both that
are shown in different ways. Can someone give a quick synopsis of
what each model can tell us?

The model with the picture of the heater shows us how the heater will
be set up and how it works, and the LOL energy model tells us more
about how the substances can “release heat.”

Which of these might be a more useful model to inform how we build
our homemade heater?

The model with the picture of the heater shows us where all the parts
of the heater are, which we need to understand in order to make one.

Is there anything on the LOL energy model that is useful but is missing
from our homemade heater model?

On the LOL energy model, we have arrows to show that the heat is
released/it gets hot.

What do you mean when you say “heat is released/it gets hot”? It means that, when the substances react, energy is transferred to the
surroundings.

What is actually happening with the energy when it is transferred to
the surroundings?

The energy is used to make particles in the surroundings move faster.

So how did we know that happened? Could we observe or measure
anything?

The energy is transferred to the air, the thermometer, or our hands,
and the energy is used to make those particles move faster. We can
measure that as a higher temperature, or it feels warmer to us.

It seems like this idea of energy transfer is pretty important; is there a
way we could add this to the model of our homemade heater?

We can add arrows to the model to show where energy is being
transferred.

Great! Where exactly did we represent this energy transfer on the LOL
energy model?

We showed the arrow pointing “out” of the “O.”

OK, what exactly does that “O” represent? The system of substances that are reacting.



Suggested prompts Sample student responses

And what about where the arrow is going? On the LOL energy model, it says that the energy is being transferred
to the food.

If we wanted to add that arrow to the model of our MRE heater, where
could we put it? Will someone come up and add an arrow to our
model to represent where this energy transfer is physically occurring?

We would put the arrow from where the substance and water are
interacting to the food.

Is that the only place that the energy will transfer? Are there any other
places we might see energy transferring from one system to another?
Will someone else come up and add another arrow to our model?

Energy might also transfer to the surroundings—the container and the
air around it; and once the energy is transferred to the food, it could
still then transfer to the surroundings, too.

ADDITIONAL
GUIDANCE

Allow any reasonable energy transfer to be represented on the model but also be sure to bring the discussion
back so that students are focusing on the energy transfers that they can somewhat control with their design.

Turn and talk to discuss how to represent energy transfer on the consensus model. In the next
part of this Consensus Building Discussion, work with students to determine that we should
clarify how we want to manage the energy transfer in our design.

Display slide D and say, Turn to your elbow partner and discuss which of these arrows you think is
the most important to focus on right now considering who we decided our stakeholders are. Which of
the arrows is associated with a process that we need to learn more about to help design our heater
for the people who are using them? Explain why you’ve chosen that arrow.

Suggested prompts Sample student responses

Who would like to share what they talked about with their partner? We said we really want to focus on the arrow from the heater to the
food for now.

Why did you think the arrow that you described was an important
place to focus?

We need to know more about the reaction and how to get the most
energy transferred to our food.



Suggested prompts Sample student responses

So we should figure out how to maximize this energy transfer? (Point
to the arrow showing energy transfer from reactants to food and write
“Maximize.”) So, how does that relate to what our stakeholders are
interested in?

Well, the heaters are going to be used for people to warm up their
food, but they don’t need to worry about keeping it warm because
they will probably be eating it right away.

So you’re saying we aren’t too worried about this arrow? (Point to the
arrow showing energy transfer from food to the environment.) We
wrote that we wanted to maximize the other transfer, so is there any
note we should add to this one?

We could say minimize…we definitely don’t want to maximize the
energy transfer, but we aren’t going to really spend much time
designing anything to help with that arrow.

What about this other arrow showing energy transfer from the
reactants to the surroundings? Is this part of the design we need to
think about?

We probably want to make sure to minimize that because we don’t
want people to burn themselves if a lot of energy is getting released
from the container.

Did we work on a problem similar to that before—where we designed
some kind of container to minimize energy transfer?

Yes! When we designed the cups to keep our drinks cold! We were
trying to reduce energy transfer from the outside in, so we could use
some of those same ideas and design elements for our heater
container.



5 min4 · ORGANIZE THE CLASS-LEVEL “WHAT WE DO AS ENGINEERS” BOARD
MATERIALS: science notebook, Revised class consensus model, class LOL energy model from lesson 3, Design Questions Board, “What We Do as Engineers” board

Update our Progress Tracker to include what we’ve learned about energy transfer in our designs. Remain in the Engineers Circle and direct
students to the Progress Tracker section of their science notebooks. Display slide E. Say, Great! This is a big step—we just clarified what our
designs need to do. Let’s add this to our Progress Tracker, too.

Suggested prompt Sample student response

How could we summarize what we have just figured out in our last
discussion? What do we need to focus on to make sure our
stakeholders are best served by our design?

We need to find a way to maximize the energy transfer to our food
while minimizing the other energy transfers.

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

Identified stakeholders Our stakeholders are:
a person buying supplies and making the heaters,
a person eating the food heated up by the heater, and
the environment (if students bring it up—not critical).

Refined what our solution needs to do We need to minimize energy transfers to the environment, but maximize
energy transfer from our chemical reaction to our food system.

Organize the class-level “What We Do as Engineers” board. Say, Let’s take a moment to check in with our “What We Do as Engineers” board.
We’ve added a few things to our Progress Tracker so far, but before we add them to our board, which seems to be getting kind of full, should we think
about seeing if it makes sense to organize these things in some way?

Turn and talk with a neighbor to see if there is a way to organize these
elements. Say, We’ve been recording these descriptions of things that engineers do to
help us think about this design process. I wonder if it would make sense to organize
these in some way that will help us think about this process. Turn to an elbow partner
to discuss how you might want to see these organized. If you are having trouble
reading the chart on the wall, take a look at the headings in the left-hand column on
the Progress Tracker in your science notebook.

Give students a minute to look at the categories and discuss, then bring the class
back together. Move the sticky notes off of the chart or off to the side so that
there is room on the chart paper to reorganize them (or if you haven’t started a
chart yet, add a piece of chart paper so that there is a place to organize them).



Suggested prompts Sample student responsesSuggested prompts Sample student responses

Did anyone see similarities or patterns in these things that engineers
do that jumped out at them?

There was a group of things that really focused on identifying or
defining.

OK, do you want to come up and pull out the categories that you think
belong in that group? As you are organizing them, read them so that
the class can follow along.

We defined our problem, and we identified our criteria and
constraints.

Does everyone agree with that grouping? We have several categories
leftover. Do these all go in the same group or are there differences
between them?

It seems like there is kind of a “tinkering” or “exploring” group set of
elements. When we proposed a design solution based on existing
heaters and then had to figure out how that worked, we reverse
engineered an existing heater. It's kind of like we were doing research
to develop our ideas.

OK, do others agree? Let’s group those together. What do we have left? The two that are left seem to be about figuring out how to make our
design better.

Add to the class-level “What We Do as Engineers” board. Say, These groups seem reasonable;
should we give them headings? Why don’t we take the two elements we’ve done in this lesson so far
and see if they fit with the categories we already have before we commit to naming the groups.

As the discussion progresses, add the two sticky notes from this lesson to the board, and as the
class decides what to name each heading, record the name above the group of sticky notes.

Suggested prompts Sample student responses

So we need to add “We defined our stakeholders” and “We refined
what our solution needs to do” to the “What We Do as Engineers”
board. Do those elements fit the elements in any of these categories?

It seems like both of those are related to that top category. It seems
like all of those have to do with defining either the problem or what we
need to consider about the problem or the solution.



Suggested prompts Sample student responses

Great, we'll add those to that group if everyone else agrees? Also, I
heard you mention the word “define,” and that word is even in a bunch
of these statements, so let’s use that as the header for that first
category. What about the other groups? If we look at the next category
as we move clockwise, what do you think they have in common?

Someone earlier said they were about tinkering or figuring out more
about the options that already exist. Maybe this category could be
“research and development” or “concept development” or something.

OK, I think that makes sense, so something about how we develop
solutions? What about this last category? What does that seem to
show?

It seems like those are things engineers do to find the best version of
their ideas. Testing things in a systematic way and developing models
seems pretty precise, so it’s like they are getting to the final polished
product maybe?

So that group seems to be improving the solution? “Optimize” is the
word engineers use to talk about the work they do to make their
solution the best it can be. Let’s add this word to our word wall. What
picture or image would make sense to mean make something the best
it can be?

Maybe a ribbon or trophy?

Add “optimize” to the Word Wall. Work with the class to build the
representation of the word “optimize” for the word wall.

Suggested prompt Sample student response

Great! Just now we kind of organized these groups in three corners on
our chart—because there wasn’t that much room to do much else with
them. Are you saying maybe we should instead arrange these more in
a line? So we have a start-to-finish linear path?

Well, no, because just today we added more categories to that
“define” group, so maybe this is a cycle that keeps happening until we
have a finished product.

Well, if that is true, maybe we can predict what we need to do next
then? Let’s test this idea using what we have done so far and see if it
follows any pattern or order. Let’s start with what we did in Lesson 1—
where did we place those elements? Go ahead and refer to your
Progress Tracker if you need to remember when we did each element.

We “defined our problem” and “identified some criteria and
constraints,” and then we “proposed our first design solution” based on
what the heaters we saw looked like.



Suggested prompt Sample student response

OK, so in Lesson 1 it looks like we spent some time in “define” and then
moved to spend some time also in “develop,” but what about Lesson
2?

We reverse engineered the heater—we put that in the “develop”
category, too, since we needed to learn more about how to develop it.

What about Lesson 3? We “systematically tested some solutions” and also “developed a
model to help us improve our plan.” Those are both in that “optimize”
group.

OK, and if we just added what we did so far today to the “define”
group, it does seem like this is following a specific order, and it does
seem like it is a cycle. How could we indicate that on our poster?

We could use arrows to show the path from “define” to “develop” and
then from “develop” to “optimize.”

ADDITIONAL
GUIDANCE

The headings for the three categories on the example artifact we show were pulled directly from NGSS,
Appendix I. Students may come up with other words to describe these groups. As long as student ideas for
category names are reasonable and conceptually the same, it is better to use the classroom consensus
headings than to “force” the language posted on the example artifact. Clarifying questions and talk moves that
lift up the key words that students mention as part of their response will be helpful to come to consensus on
reasonable descriptors for each group.

Add arrows to the “What We Do as Engineers” board. Say, Can I have a volunteer come up to add arrows to this chart?



12 min

ADDITIONAL
GUIDANCE

The chart in Appendix I has arrows pointing in both directions. If students argue for that, and can justify at this
point that it can happen, it is OK to show arrows going in both directions between each category. However,
students have only really seen the flow of this process in one direction between each category. There will be an
opportunity in Lesson 6 to revise the arrows to indicate that the process is not happening in only one direction.

5 · OBTAIN INFORMATION FROM VARIOUS SOURCES TO REFINE OUR TEMPERATURE CRITERIA
MATERIALS: science notebook, Reading: How hot does food need to get so that people don’t get sick?, Reading: What temperatures cause scald burn injuries?, Reading: What temperature range
makes food enjoyable to eat?

Read and examine data to inform our criteria and constraints. Say, Now we have a tool to help inform our process. We just defined our
stakeholders and clarified the focus of our design based on those stakeholders.

Suggested prompts Sample student responses

It’s clear from that discussion that we want to focus our collective
energy on figuring out more about how energy is transferred from the
homemade heater to the food in a way that is safe. To do that, what
other information do we really need?

We don’t want our heater to get SO hot that it could burn the food or,
worse, the people using the heater! So we probably need to find some
information about the best temperature for the taste of food and for
safety.

When you say safety it seems like you are talking about burn
protection. Are there any other safety concerns we need to learn more
about?

I think you might need to cook food to a certain temperature to make
sure you don’t get sick, if there is bacteria or something in your food.

How might we get this information? We could taste the food at several different temperatures and rate
what temperature makes it taste best.

We could do an investigation and ask people at what temperature
their food tastes best.

It probably isn’t safe to try eating food at different temperatures to
find out if bacteria would make you sick, but I bet we could do some
research about food safety and how to make sure food doesn’t make
you sick.

We could also look up temperatures that are dangerous and could
cause burns…that is also probably not safe to test.

Where are some reliable places we could check to look up some of
that information?

Maybe government health websites like the CDC.
Isn’t there a government body that oversees food safety…the FDA?

Individuals read and annotate their source to find information that will define our target temperature range.✱ Say, You all had some great
ideas about ways to investigate the temperature range at which food tastes best. Unfortunately, since this is a science lab, we need to maintain our
safety protocols and can’t eat food in the lab. However, we did collect some similar information to what you might have collected if we were able to
perform this investigation in class. I also collected some information from similar sites that you just suggested would be good resources.

✱ ATTENDING TO EQUITY

Universal Design for Learning. Asking
students to annotate the readings with
symbols can help students manage
information so that they can express their
understanding. Students may need
additional support in obtaining information
from the provided readings. Consider
including any of the following options to
support students:

Have students work with a partner
as they read and annotate their
assigned reading.
Strategically assign particular
readings based on student reading
level and interest. Assign alternate
handout or student reference What
temperature is most enjoyable when
people taste food?, which only
includes the taste test results in
table form to students who may
benefit from focusing on just the
visual display of data. Provide a
checklist with the 3 questions and
their icons for students to use as
they read.
Allow for a competent aide,
partner, or “intervener” to read the
text aloud.



ALTERNATE
ACTIVITY

As an extension activity, follow up this discussion by asking students how they might design a survey to give
friends and family that might help us collect this information. If possible, create the survey, have students
collect data and update temperature range on the matrix the following day.

Organize students into groups of 3 and distribute the readings Reading: How hot does food need to get so that people don’t get sick?, Reading:
What temperatures cause scald burn injuries?, and Reading: What temperature range makes food enjoyable to eat?. Assign each member one of
the readings and instruct them that they are responsible for reading and reporting on that resource to their group. Remind students that the
purpose of this reading is to figure out the temperature range at which we want our food to be.

Show slide F. Say, Based on our last discussion, it seems like these are the three main questions we think we need to answer in order to define our
target temperature range.

Does food need to get to a certain temperature to avoid illness?
How warm does food need to get for people to enjoy the taste?
What temperature is too hot ?

Underline or use arrows to highlight important information in your reading and then tag it using the following symbols to note which question the
information is helping us answer. Add any other notes or questions you have as well.✱

Small groups share information to answer focal questions about food
temperature. After students finish their individual work, display slide G

and ask small groups to discuss each focal question and record what they have
figured out in their notebook.

They should discuss each question systematically and take turns sharing the
information that each group member learned that helps answer the focal
questions.

ASSESSMENT
OPPORTUNITY

Building towards: 4.A Analyze data by identifying patterns to define an optimal operational range for our
homemade flameless heater designs that best meets criteria for success because the more precisely a design
task’s criteria and constraints can be defined, the more likely it is that the designed solution will be successful.

What to look for:
Individual student notations that align to the three focal questions.
Listen for students using what they learned to build on the information presented by teammates that
was obtained across the three resources.
Students using patterns they have identified to define upper and lower limits of the temperature
range to which the food should be warmed.

What to do: Circulate during individual work time and remind students to use the symbols and question
prompts to focus their reading and notes. Consider providing a checklist with the questions and symbols for
students to check off as they read. As students are sharing information in small groups, encourage them to use
the specific notes they recorded to contribute to the small-group discussion. As you circulate, use the question
prompts to keep student conversation moving forward.

Define a target temperature for the food that our homemade heaters will warm up. After students have had time to share ideas in groups,
display slide H and bring students back to the Engineers Circle. Display slide I and facilitate a Consensus Discussion to bring key ideas to the
surface that help answer each focal question:

Does food need to get to a certain temperature to avoid illness?
How warm does food need to get for people to enjoy the taste?
What temperature is too hot?

✱ SUPPORTING STUDENTS IN
ENGAGING IN OBTAINING,
EVALUATING, AND COMMUNICATING
INFORMATION

When students are working on their own,
check in with individual students and notice
whether they are identifying and noting the
central ideas to answer one or more of the
focal questions. If students are not adding
notations, or if they are using a lot of time to
annotate parts of the reading not directly
related to the focal questions, direct them to
the slide and encourage them to focus on
using the symbols to be specific about the
information they want to report to their
small group.



KEY IDEAS Purpose of this discussion: Students will use the information they learned from examining survey data and
informational resources to determine the optimal temperature range to which our food should be heated by
the homemade heaters we design.

Listen for these ideas:
We don’t need to worry about heating our food so hot as to kill any bacteria (as long as the package of
food hasn’t been opened).
Temperatures of 48°C and above could seriously injure someone.
All people surveyed agreed that 40°C was a temperature warm enough for food to taste good.

Suggested prompts Sample student responses

What did your group figure out that could help us decide how warm
our food needs to get? It seems like we were pretty concerned with
safety. What did you learn with regard to food temperature and
safety?

We had data showing that food that was 48 C can burn someone
badly, so we probably don’t really want our food to get that hot.

Did anyone find information that might conflict with that? I know
some of us were worried about making sure we could kill anything that
might make us sick. What temperature would be required for that?

Well, we would need to get our food really hot to kill bacteria if we
were cooking raw food.

Since the food we are heating up is ready to eat, we could actually eat
it at any temperature, as long as we don’t leave it out for too long
after opening it.

OK, so it looks like our maximum temperature should be under 48°C,
so maybe let's say 47°C? What about the lower end of our
temperature range? Did you learn anything about the temperature of
food and how it affects the taste?

We read a source that said food actually tastes better when it is warm
because of the way that different kinds of taste buds work at different
temperatures.

Data from a tasting survey showed that the minimum temperature at
which all of the people said the food tasted good was 40°C.

o



13 min6 · REVISE INITIAL CRITERIA AND CONSTRAINTS CHART
MATERIALS: Criteria and Constraints chart, blank chart paper and chart marker, scale, all parts of the prepackaged MRE from Lesson 1

Organize the criteria we need to consider for our design solutions. Draw students’ attention to
the initial Criteria and Constraints chart that was created in Lesson 1. Say, Now that we have a
more specific idea about the range of temperature to which our food should be heated, we should
update our list of criteria and constraints. But now, after looking at this chart, it seems like we have a
lot of different ideas we are going to need to consider. It seems like it would be easy to get too focused
on one of these criteria or constraints, while accidentally ignoring others.

As the discussion unfolds, use a new sheet of chart paper (posted in “landscape” orientation) to
create a matrix using the headings that students suggest.

Suggested prompts Sample student responses

Does anyone have an idea for a way to organize our ideas so that we
can keep track of all of the criteria we need to consider in a really
obvious way?

Maybe we could organize the criteria into a table or some kind of
checklist?

I really like that idea, so let’s consider our stakeholders, and, remember,
we are working on this idea to help people who might need these in an
emergency. If people are not able to get these materials, will it even
matter how well our homemade heater design works? What do we
need to consider to make sure everyone who needs these will be able
to get them?

We need to make sure people can afford them.

We need to make sure the materials are easy to get and not too
expensive.

Right, so one heading we need to consider is cost. OK, so people need
to be able to afford these materials, but we need to also keep in mind
that they might not have cars, and they might have to be carrying a
crate full of supplies to make them or keeping a crate of supplies in the
trunk of their car so they can be prepared.

Yes, so maybe we should have some limits on weight, too, then.



Suggested prompts Sample student responses

Great. How about we use the term “mass” instead? We just did some
work figuring out the temperature criteria, so it’s probably important to
keep track of that as well. We originally said that our homemade
heater had to actually heat our food. Can we add anything more
specific to that now?

Yes, we want it to be able to get our food warmed to somewhere
between 40°C and 47°C.

Add a row that describes the characteristics of our optimal
solution. Say, OK, so we should have somewhere on this to show that
we are trying to stay within that temperature range. Let’s just put this
right under the heading for the category. Write 40-47°C under the
“Heats food to what temp?” category.

Decide as a class the constraints we want to define for cost. Use
ideas about what our stakeholders will want and need to decide as
a class what a reasonable cost would be.

Say, How should we decide what the constraints for some of the other
criteria will be? What about cost? We looked at some data in Lesson 1 about how much it would cost to buy a premade MRE. Let’s check out those
range of prices again. Display slide J.

Suggested prompts Sample student responses

What do you notice about these prices? There is a wide range of prices—anywhere from about $12-$25. Most
are around $20.

Cost is probably an important factor for our stakeholders. How can we
make sure that our homemade MREs are a better choice cost wise
compared to prepackaged MREs?

To be the lowest cost option we should try to make the cost less than
the lowest price of the prepackaged MREs.

According to these prices, how much does the food alone cost? The one with the heater not included says, $9.75.

So if we want our food to be less expensive than a prepackaged MRE
then let’s reserve about 9$ for our food. What is the cheapest cost
listed for a full MRE (heater plus the food)?

The MRE Star Kit Case in a 12 pack is the cheapest, $11.83/MRE with a
heater.

Rounding to the nearest dollar that’s about 12$/MRE, so let’s make our
total cost of heater plus food less than 12$. If we reserve 9$ for food
and our total cost limit is $12, how much money do we have left for our
heater cost? How did you figure that out?

Total cost is $12 - $9 for food = $3 left over for the heater

Record these values in the proper column of the optimal solution row.



Decide as a class how we should limit weight. Display slide K. Continue using our stakeholders to think about the criteria and to decide as a
class what constraints we need to place on our design solution with regard to weight. Say, We are now left to think about our total mass.

Have students Turn and Talk about the questions on the slide.
Suggested prompts Sample student responses

How is the weight of our MRE going to affect our stakeholders? People are going to have to carry a box of supplies to make these for
their families, or they are going to have to fit in a box to store in the
trunk of their car.

How could we figure out how much a prepackaged heater weighs? We can just put the premade MRE that we have on a scale.

What might be a good way to constrain the mass of our homemade
heater?

Well, for cost we wanted to make sure they cost less than the premade
MREs you could buy, so maybe we could say we don’t want these to
weigh more than the premade MREs do.

Weigh the premade MRE. Place the entire MRE on the scale and read the mass. Say, It looks like this MRE has a mass of about 700 grams.
That’s about 1.5 lbs. Add this value to the matrix. Say, If we need to stay within this constraint for weight, what does that mean for our homemade
heater materials? How much of that do we need to use for the substances we mix together, and how much food could we include? Do we need to
think about packaging? How much of the premade MRE’s weight was actually just packaging? We need some way to consider those trade-offs (if we
can only have so much total mass) without just guessing what’s going to work best.

Label the “Optimal Solution” row and add “optimal” to the Word Wall. Say, It might be confusing for folks to see these values under these
headings if we don’t label them. Since these values are characteristics we are aiming for, let’s label this row “optimal solution”.

Label the first row “Optimal Solution” and say, This is the second time this word has come up today. Earlier we talked about how we were
optimizing our solution, and now we are describing our optimal solution. I think this is an important word to add to our Word Wall.



3 min7 · NAVIGATION
MATERIALS: science notebook, revised class consensus model

Navigation and thinking about next steps. Say, Now we have a better vision for what our design goals should be, so this should help us get started
on what we said we needed to do earlier, which was figuring out what is going on here (point to the arrow that represents energy transfer between
the system undergoing the chemical reaction and the food on the classroom consensus model).

Suggested prompt Sample student response

How do we get started on this? Should we just throw some random
amounts of chemicals together to heat up random amounts of food?
Would that be a responsible use of our resources?

No, we only have so much stuff to work with, and if everyone is trying
a lot of random things, we could run out of materials.
Even if we had enough materials, we don’t want to waste them.

Say, We need a way to to have a better idea of where to start so that we are safe and not wasting food and other materials, but we can still compare
the results of our different designs.

Show slide L. Ask students to think about the ideas they have to systematically test how much of our mass should be food compared to the
mass of all of the homemade heater components without wasting a lot of food and other materials, like the reactants and the materials we
use to contain them, and then to record their ideas in their science notebook.

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

Additional Lesson 4 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-LITERACY.RST.6-8.1 Cite specific textual evidence to support analysis of science and technical texts.

CCSS.ELA-LITERACY.RST.6-8.7 Integrate quantitative or technical information expressed in words in a text
with a version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).

CCSS.ELA-LITERACY.RST.6-8.10 By the end of grade 8, read and comprehend science/technical texts in the
grades 6-8 text complexity band independently and proficiently.

In this lesson, students read grade-level appropriate informational text in order to refine the criteria of their
homemade flameless heaters. Students must integrate the information found in the texts and their
accompanying charts and graphics and cite specific textual evidence to support their decisions about the
criteria for the homemade flameless heaters.


