
LESSON 2: What’s inside the MRE flameless heater that’s making it warm?
PREVIOUS LESSON We developed an initial model to consider how the flameless heater in an MRE works, but we also noticed some problems with prepackaged MREs. After

brainstorming criteria and constraints for a homemade flameless heater, we attempted to create those designs. We built a Design Questions Board and
gathered ideas for investigations.

THIS LESSON

INVESTIGATION

1 day

We look at images of an MRE flameless heater that has been cut open and see a list of ingredients inside. Then
we do experiments in small groups and as a class during which we combine ingredients one at a time with water
to see which substance is really responsible for heating up. We figured out that magnesium is the ingredient that
heats up when water is added, but we are disappointed that it doesn't get as hot as we thought it would.

NEXT LESSON We want to test different chemical processes to determine if any of them cause an increase in temperature for use in our homemade flameless heater designs.
Once we identify a process with which to move forward, we will investigate energy transfer from that system using LOL energy models.

BUILDING TOWARD NGSS

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

WHAT STUDENTS WILL DO

2.A Conduct an investigation to serve as the basis for evidence (patterns) that explains which substances in the flameless heater cause food to heat
up in a prepackaged MRE.

WHAT STUDENTS WILL FIGURE OUT

We reverse engineered an MRE heater and found out that magnesium and water make the temperature of the heater increase.
Magnesium and water are not good substances for our homemade flameless heater design. We need to find another chemical process.



Lesson 2 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Consider the questions the class left off with last time and decide that the best next step
would be to see what the MRE heater pack is made of (so the class can reverse engineer
how it heats up by only adding water).

A-D Design Questions Board from Lesson 1, Ideas for Investigations
chart from Lesson 1, speakers and projector to play video from
www.teachersopensciedfieldtest.org/heater

2 5 min ANALYZE INGREDIENT LIST OF THE MRE HEATER PACK
Analyze the ingredient list for an MRE flameless heater and make predictions about which
of those substances might be causing it to get warm.

E Ingredient List for the MRE Flameless Heater

3 7 min PLAN AN INVESTIGATION TO DETERMINE WHAT IS CAUSING THE MRE HEATER TO
GET WARM
Discuss which substances to test first and make a plan for testing them, including what
data to collect and what safety guidelines to follow.

F-I

4 10 min CARRY OUT OUR SALT INVESTIGATION IN SMALL GROUPS
Work in small groups to combine salt with water and record data about the temperature
over 6 minutes.

J-K MRE Ingredients Lab

5 8 min WHOLE-CLASS DEMONSTRATION OF IRON AND MAGNESIUM
Demonstrate with the whole class combining iron + water and watch a video of
magnesium + water; record data of the temperature over 6 minutes.

L Iron and Magnesium Demo

6 8 min BUILDING UNDERSTANDINGS DISCUSSION ABOUT OUR RESULTS
Use evidence from our investigations to identify that a chemical reaction is occurring in the
MRE heater, and conclude that magnesium is the critical substance causing it to heat up.

M-N

7 2 min NAVIGATION
Consider based on today’s work what we should investigate next time.

O

End of day 1



Lesson 2 • Materials List
per student per group per class

MRE Ingredients Lab
materials

science notebook
indirectly vented chemical
splash goggles
non-latex apron
non-latex gloves

8 oz styrofoam coffee cup with
lid
digital thermometer
digital scale
timer or clock
4 mL room-temperature water
4 g table salt
spoon
10 x 10 cm square of folded
parchment paper
1 tray

Iron and Magnesium Demo
materials

1 10 x 10 cm squares of folded parchment paper
digital scale
1 digital thermometers
4 g of iron
timer
paper towels
1 8 oz styrofoam coffee cup with lid
4 mL of room-temperature water
projector and speakers to play the video from
www.teachersopensciedfieldtest.org/heater

Lesson materials Ingredient List for the MRE
Flameless Heater
science notebook

Design Questions Board from Lesson 1
Ideas for Investigations chart from Lesson 1
speakers and projector to play video from
www.teachersopensciedfieldtest.org/heater

Materials preparation (45 minutes)
Day 1: MRE Ingredients Lab

Group size: Create groups of 3-4 students.
Setup:

Gather materials for the lab. Students test salt + water in small groups. Iron + water are tested as a whole class for safety and cost reasons.
Let a container of 50 mL of water settle at room temperature.
Cut 10 pieces of parchment paper into 10 x 10 cm squares. Students can fold the squares in half and half again to create a little depression so that substances do not fall off
the scale while massing.
Place spoons in containers of salt for ease of dispensing. Each lab team needs only 4 g of salt.
Premeasure 4 g of iron for the whole-class demonstration.

Notes for during the lab: Make sure to let a container of water settle at room temperature, rather than having students take water directly from the tap because the temperature may
fluctuate and alter experimental results. Students should rinse out and reuse the styrofoam coffee cups for the next lesson.
Safety: Safety recommendations for students and teacher(s):

Wear indirectly vented chemical splash goggles, a non-latex apron, and non-latex gloves during the setup, hands-on, and take down segments of the activity.
Immediately wipe up any spilled water and/or granules on the floor - a slip/fall hazard.
Follow your teacher’s instructions for disposing of waste materials.



Secure loose clothing, remove loose jewelry, wear closed-toe shoes, and tie back long hair.
Wash your hands with soap and water immediately after completing this activity.
Never eat any food items used in a lab activity.
Never taste any substance in the lab.
Use caution when working with heated liquids - they can burn skin!

Disposal: Unused iron and salt can be stored for future use.
Storage: Store iron in a dry place in a closed container.



Lesson 2 • Where We Are Going and NOT Going
Where We Are Going

In this lesson we see evidence that a chemical process can lead to an increase or decrease in temperature and gather evidence to support which reaction is the most critical in the MRE
flameless heater for increasing the temperature of the food.

We also recall from OpenSciEd Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design Unit) how thermometers work. Thermometers measure when energy flows
from one place to another. So the temperature on a thermometer changes when the energy changes. If more energy goes to the thermometer, the temperature should go up, and, if less goes
to the thermometer, the temperature should go down. This recollection in Lesson 2 is a helpful step for students when they build their energy models in Lesson 3. We also identify “reverse
engineering” as a method to help us as engineers in our homemade flameless heater designs and add this to our Word Wall.

Where We Are NOT Going

We are not discussing energy transfers in this lesson just yet. The idea that chemical reactions can release or absorb energy will be developed in Lesson 3. It is important to note that, in Lesson
3, students will identify that, during an exothermic reaction, energy is transferred to other systems from the chemical reaction system. For instance, the chemical reaction system transfers
energy to the thermometer, its container, the outside environment, and the food. That’s why those objects feel warmer.

A common partial understanding students may have is that, during an exothermic reaction when the thermometer detects a temperature increase, energy is being put into the system in order
for it to feel warmer. This seems logical because in the Cup Design Unit students learned that, when objects heat up, energy is being transferred to them. The difference here is that the system
of reactants itself is not gaining energy—the system releases energy so that the other surrounding systems, such as the environment, thermometer, and food items, get energy transferred to
them and thus heat up.



5 min

LEARNING PLAN for LESSON 2
1 · NAVIGATION
MATERIALS: Design Questions Board from Lesson 1, Ideas for Investigations chart from Lesson 1, speakers and projector to play video from www.teachersopensciedfieldtest.org/heater

Navigate to today’s work. Display slide A.

Say, We ended up with a lot of questions and ideas to investigate last class! Let’s prioritize where it makes sense to go next. To help us with that, let’s
recall what we accomplished last class.

Suggested prompts Sample student responses

What did we decide to design last class? We are going to design a homemade flameless heater.

What did we have to do to get the heater to start warming up? We had to add water to the bag and let it sit for a while, and then it
got really hot and heated up the food inside.

Do we know how adding water to the flameless heater bag made it get
hot?

No! Maybe it’s a chemical reaction, since we saw gas produced. But we
don't know what’s actually inside the heater in the first place (so we
don’t know if the hydrogen gas produced is a new substance).

Summarize for the class. Say, OK, so we ended up with a lot of questions around how the MRE heater we explored actually works.

Read off some questions from the DQB and the Ideas for Investigation chart about what’s inside the MRE and how the MRE heater works.
Display slide B.

Suggested prompt Sample student response

Since we are trying to make our own version of a flameless heater,
how could figuring out how this one (MRE heater from Lesson 1) works
help us in our designs?

If we figure out how this heater works, maybe we can do the same
thing? Or maybe we can understand what’s important about making
something heat up. Then we can change it to make it better.

Suggest opening up a flameless heater to see what’s inside. If your class has ideas about opening up a flameless heater on the Ideas for
Investigations chart from yesterday, read off some of those ideas from your students. Otherwise, suggest to the class that we could see
what’s inside the flameless heater to help us understand how it works.

Show images of a flameless heater cut open. Display slide C to play the video from www.teachersopensciedfieldtest.org/heater .

ALTERNATE
ACTIVITY

Alternatively, you could cut open heaters and dump out the contents for students to see if you have enough
leftover heaters from Lesson 1. This investigation can be done as a whole class or in small groups.

If you choose to open up an actual heater, make sure proper safety equipment is used and that students do not ingest or inhale the
contents. The contents of the flameless heater should not be touched with bare hands. Also, to avoid burns, make sure no water is

added to the open contents of the heater because the reaction will get very hot.

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


5 min

Display slide D. While students are looking at the images, ask them the following prompts.

Suggested prompts Sample student responses

What do you notice? There are different powders inside the bag. Some look silver, while
some look black or charcoal in color.

It looks like a mixture like the lemonade mix in the Bath Bombs Unit.

What do you wonder? What are those different substances?

Are any of them poisonous?

Say, I was wondering what those substances are as well. I have a list of ingredients for the flameless heater, so let’s take a look and find out what’s in
here. Would you like to see what these substances are?

2 · ANALYZE INGREDIENT LIST OF THE MRE HEATER PACK
MATERIALS: Ingredient List for the MRE Flameless Heater

Show students the list of ingredients from the flameless heater. Distribute Ingredient List for the MRE Flameless Heater or have students find
it in their student handbook. Have students analyze the ingredient list with a partner and answer the questions on slide E (the same as in the
prompts below).✱

Go public with ingredient list analysis. Have students share out their thoughts to the questions on slide E.

Suggested prompts Sample student responses

Do you recognize any ingredients? Yeah! We know what sodium chloride is—that’s table salt.

I think I’ve seen little packs of silicon dioxide before in a shoe box when
I got a pair of new shoes.

I’ve heard of iron before, too. It’s a really heavy metal.

Based on the ingredient descriptions, which substances are not likely
to be the ones that cause the heater to get warm?

We’re not totally sure, but based on the descriptions, it doesn’t seem
like silicon dioxide would cause the heater to get warm because it just
absorbs water.

We don’t think table salt would. But when you throw salt on ice, it
makes it melt, so maybe it’s warming up a little?

The sodium tripolyphosphate and wetting agent seem to increase
how much water substances can hold or how easily water can spread.
So they have something to do with interacting with water, but it
doesn't seem like they would heat up.

✱ ATTENDING TO EQUITY

Supporting emergent multilingual students:
Provide opportunities for emerging
multilingual students to break down the
meaning of words in the ingredient
descriptions. The words “ingested” and
“inhaled” are defined for students in the
reference but watch out for any other words
in these descriptions that might be potential
barriers for your students. You may choose
to have students keep a personal glossary in
their science notebooks for any new words
they encounter. Allow students to represent
the new term in multiple ways. For example,
students can (1) write the term, (2) draw a
representation of the term, (3) use their own
words to write an explanation for what the
term means, and (4) use the new term in a
sentence.



7 min3 · PLAN AN INVESTIGATION TO DETERMINE WHAT IS CAUSING THE MRE HEATER TO GET WARM
MATERIALS: science notebook

Conduct an Initial Ideas Discussion about which substances are the most critical for causing the temperature increase. Display slide F.✱

KEY IDEAS Purpose of this discussion: (1) Co-construct a method for testing each substance by itself with water to see
which substances inside the MRE flameless heater cause it to heat up and (2) prioritize testing some substances
first over others.

Listen for these ideas:
In order to find out which substances are most important, we can test two substances together at a
time like we did in the Bath Bombs Unit.
One of the substances definitely should be water because without adding it to the heater nothing
happened.
Magnesium, iron, and salt make sense to test first. If combining each of them with water does not
cause the system to warm up, then we can test the other ingredients with water.

Say, We know that, when we combine all of these ingredients together with water, we can feel the outside of the heater warm up. But are all of those
ingredients needed, or is just one the most important in causing the temperature increase?

Suggested prompts Sample student responses

When we did the Bath Bombs Unit, we tried to figure out which
substances were responsible for the gas bubbles. How did we figure
out which ones were the most important ingredients?

We started testing two ingredients together at a time.

How could we use what we did in the Bath Bombs Unit to help us with
our question now?

We could do the same thing! We could combine two ingredients
together to see which ones are responsible for heating up.

Which substance do we have to add to the heater in order to get it to
start heating up?

Water

OK, so if water is for sure needed, then do you think it makes sense to
have it be one of the substances every time?

Yeah, we could combine water and another ingredient one at a time
to see if the temperature increases.

Summarize for the class.

Say, So it sounds like we could use a similar plan as we did in the Bath Bombs Unit and combine each ingredient with water to see which substances
are most important for generating heat to warm up the food.✱

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING ENERGY
AND MATTER

Reviewing how thermometers work is a key
piece to scaffolding how the crosscutting
concept of energy in chemical reactions is
built. In Lesson 3 students will further
develop this concept when modeling the
energy transfer between systems in day 2.
It’s counterintuitive to see how exothermic
reactions release energy from the system,
but if students are used to thinking about
how a thermometer increases in
temperature because of energy being
transferred to it, this will support students in
their energy modeling. The thermometer is
being set up as a second system to which
the combined substances in a chemical
reaction can release energy.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SCALE,
PROPORTION, AND QUANTITY

In this lab, students are combining equal
parts of water and salt. Four milliliters of
water is the same as 4 grams of water. If
students are not familiar with this
conversion, you could have students
measure 4 mL of water and then weigh it out
on a scale. The amount should be 4 grams.



Suggested prompts Sample student responses

We have a limited amount of materials, though, so let’s plan carefully.
Which substances do we think are most likely responsible for causing
the heater to get warm?

Based on the descriptions of the ingredients, we said that the
substances involved in soaking up water or helping water get through
materials, like silicone dioxide, sodium tripolyphosphate, and the
wetting agent, are not likely the cause of the temperature change.

We’re not sure about table salt, but based on our prior experience, we
don’t think it heats up.

Both iron and magnesium say they are flammable, so they might
cause the heater to get warmer?

Answers may vary.

Say, It would be great to test all of these substances, but some of them are harder to get and others are not likely causing the heater to get warm. We
are not sure about salt, and that’s easy to get. So let’s start off with everyone testing salt. It sounds like, since iron and magnesium are flammable, they
are likely culprits in heating up the MRE heater, but they are also hazardous and expensive. So let’s test those as whole-class demonstrations.

ALTERNATE
ACTIVITY

If you have access to silicon dioxide packets and students are curious to see if that does cause a temperature
increase, as an extension activity you could have students combine equal parts of silica gel and water to see if
the temperature changes. See video for alternate activity at www.teachersopensciedfieldtest.org/heater .

Turn and talk about what data the class should collect. Display slide G. Instruct students to discuss the questions on the slide with a partner.

Have students share out their thoughts about what data the class should collect with the whole class.

Review what thermometers measure when discussing what data the class should collect.

Suggested prompts Sample student responses

How could we measure the temperature change? What tool could we
use?

We could use a thermometer to measure the temperature.

OK, great. In the Cup Design Unit, we figured out how thermometers
work. Let’s recall what we learned. What are thermometers actually
measuring?

Thermometers measure when energy flows from one place to another.
So the temperature on a thermometer changes when the energy
changes.

So, if more energy flows to the thermometer, will the temperature go
up or down?

If more energy goes to the thermometer, the temperature should go
up.

What about the opposite? If energy moves away from the
thermometer, should the temperature go up or down?

The temperature should go down.

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


Summarize for the class. Say, Since we are interested in temperature, we definitely want to measure that after combining substances. We can use a
thermometer to detect a temperature change, which happens when energy moves from one place to another. We also might want to keep track of the
time to see how long it takes for any temperature change to happen. We’re not really sure how much of each substance to combine, so let’s just do
equal parts of each substance and see how that works.

Instruct students to prepare their data table in their science notebooks. Make sure temperature and time are recorded, but you can collect
additional data based on what your class decides. Draw the data table on the board so that students can copy it into their notebooks. A
sample data table is shown here.

Time (min) Temperature (°C) Observations

0

1

2

3

4

5

6

Write out experiment protocol on slide. While students are preparing their science notebooks, add additional data collecting directions
based on the class discussion for the first experiment in small groups on slide H or on the board.

Suggested data collection ideas:
Record temperature of the water at time 0.
When ready, combine the salt with the water. Cover the coffee cup with a lid and have the thermometer pierced through the top.
Start the timer.
Swirl the cup gently to mix the salt with the water.
Record the temperature every minute for six minutes.
Record any additional before/after observations.

ADDITIONAL
GUIDANCE

At this point in their learning, students are not expected to differentiate between weight and mass. They will
begin to do that during OpenSciEd Unit 8.1: Why do things sometimes get damaged when they hit each other?
(Collisions Unit). The teacher guides and other materials in this unit will refer to mass, but if your students talk
about weight instead, you do not need to take time now to explore the difference between them.



10 min

8 min

Discuss safety protocols. Ask your students what safety guidelines we should use when working with dangerous or unknown
substances. You may already have lab safety guidelines in place and can review them now. Slide I also lists these sample safety

guidelines:
Wear goggles, non-latex gloves, and an apron during setup, investigation, and cleanup.
Secure loose clothing, remove loose jewelery, tie back long hair, and wear close-toed shoes.
Avoid touching your face (so substances don't get near your nose/mouth); never taste any substance in the lab.
Move carefully so that we don’t spill anything, and immediately wipe up any spills that do happen.
Follow instructions for cleanup, and wash your hands with soap and water after cleanup is complete.
Only combine substances and amounts our teacher tells us to so that we don’t accidentally create harmful reactions, explosions,
vapors, etc.
Use caution when working with heated liquids - they can burn skin.

4 · CARRY OUT OUR SALT INVESTIGATION IN SMALL GROUPS
MATERIALS: MRE Ingredients Lab

Instruct students to gather supplies and carry out the salt experiment in small groups. Refer students to the directions that you wrote on
the board. A sample of the cup and thermometer setup can be shown to students on slide J. Students should run experiments on the tray.
Sample results can be found in Sample Experimental Data Results.

COLLABORATION In Lessons 2, 3 and 5, students will be doing experiments in small groups. It may be helpful to mix up students
for these investigation groups in order to see who works well with one another. Then you can use those
observations to inform intentional groupings when you are creating design teams (which begin working
together in Lesson 6 and will continue together for the remainder of the unit). Consider grouping students of
different genders, math abilities, and personalities.

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

Prepare science notebooks for the demonstrations of iron and magnesium. Display slide K. As students are finishing up their experiments
in small groups, have them start preparing two more data tables like they did for salt, but one for equal parts of iron + water and another for
equal parts of magnesium + water.

5 · WHOLE-CLASS DEMONSTRATION OF IRON AND MAGNESIUM
MATERIALS: Iron and Magnesium Demo, science notebook

Gather students around a demonstration area. Students should bring their science notebooks with the prepared data tables for iron and
magnesium. Invite students to make observations about the water and iron before they’re combined and record these in their notebooks
(slide L). Have all supplies ready: coffee cup with lids, thermometer, scale, timer, iron, and room-temperature water.



8 min

SAFETY
PRECAUTIONS

Students will collect data for the magnesium and water investigation via video due to the safety hazard of
unreacted magnesium powder.

Demonstrate iron + water investigation. Follow the same procedure as students used for the salt experiment, but for iron + water. Procedural
steps are as follows:

Mass 4 grams of iron on a digital scale.
Measure 4 mL of water into the coffee cup. Record temperature of the water at time 0.
Add the iron to the water. Cover the coffee cup with a lid and pierce the lid with the thermometer.
Have a student start the timer when substances are combined. Be ready to record the temperatures every minute for 6 minutes.
Record the temperatures of each coffee cup system every minute for 6 minutes.
Once during the 6 minutes, lift the lid to observe what is happening in the cups.
Record any additional observations throughout and after the experiments.

Show the video for magnesium and water investigation. Play the magnesium and water video from www.teachersopensciedfieldtest.org/he
ater and have students collect data from watching the experiment.

6 · BUILDING UNDERSTANDINGS DISCUSSION ABOUT OUR RESULTS
MATERIALS: science notebook

Identify the max temperature change in each of the combinations. See the key located in the teacher reference section Sample
Experimental Data Results for sample max temperature changes.

Lead a Building Understandings Discussion about our test results. Display slide M. Use questions, such as those that follow, to help
the class make sense of today’s investigations.

KEY IDEAS Purpose of this discussion: (1) Use evidence from our investigations to conclude that magnesium is the critical
substance for making the MRE flameless heater heat up and (2) identify that a chemical reaction is occuring in
the MRE flameless heater.

Listen for these ideas:
Magnesium and water are the critical ingredients for making the MRE flameless heater heat up (but it
must also need those other ingredients, too, to get as hot as it did to heat the food).
The flameless heater uses a chemical reaction (hydrogen gas was produced, but that was not one of
the original ingredients).
Chemical reactions can cause a temperature change.

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


ASSESSMENT
OPPORTUNITY

Building towards: 2.A Conduct an investigation to serve as the basis for evidence (patterns) that explains which
substances in the flameless heater cause food to heat up in a prepackaged MRE.

What to look/listen for: Listen for the ideas listed in the Key Ideas box above.

What to do: If students are struggling to see the patterns in the data, you can have them graph the results for
the three experiments on graph paper or a computer program. Visually displaying the data may help identify
the patterns of temperature change. The data can also be plotted on the same graph so that comparisons can
be made between substances. Students should see that, while some substances changed in temperature, the
magnesium and water combination increased in temperature far more than other combinations.

Suggested prompts Sample student responses

What data did your group collect from combining salt and water? The temperature of the salt and water went down a little bit, like a
degree or two.

Did other groups find similar data? Yes, we all saw the temperature decrease a bit.

What about with magnesium and iron? Who can summarize the data
we found from combining those with water?

The temperature did not change much at all with iron and water.

The temperature increased a few degrees with magnesium and water.
We also saw bubbles forming when we combined magnesium and
water.

But the magnesium did not get super hot like we saw in the MRE
flameless heater.

So what claim can we make about what’s inside an MRE flameless
heater that’s making it warm that is supported by this temperature
evidence?

The magnesium is the ingredient that’s most important for heating up
the flameless heater.

The combination of other ingredients must help it get even hotter.

We saw a gas was produced both here and on the package. Based on
what we figured out with the bath bombs, what claim can we make
about what is happening when the water and magnesium are
combined?

This is a chemical reaction. The package told us that the gas is
hydrogen, which is not one of the original ingredients; so the molecules
of those reactants must have split apart, and the atoms rearranged to
form that new product.

So, if we used just magnesium and water for our DIY heater, would
that chemical reaction work for our design?

No, because it didn’t get hot enough. We need a chemical process that
increases temperature more.

What about safety? What did the ingredient description say about
magnesium?

It’s a hazardous material. It would not be safe for us to use in class.

Summarize for the class. Say, Chemical reactions can heat up substances like the food pouches or our thermometers. So, if we want to make a
homemade heater that does not use flames or electricity, a chemical reaction or some other kind of chemical process might work.



If students will not let go of using magnesium in class, you can also share that metal magnesium powder is relatively expensive as well as
being hazardous. Some places sell it for $160 for 125 grams or $1.28/gram.

Update Progress Trackers. Display slide N. Direct students to the Progress Tracker section of their science notebooks. Use questions
to help students process today’s work and record their thinking.

Suggested prompts Sample student responses

Who can summarize what we did today? We looked at the ingredients in an MRE flameless heater and
combined some of them with water to see what’s making it heat up.

When engineers take something apart to try to see how it’s designed,
that is called “reverse engineering.” Why do you think that’s a good
name for what we did today?

Well, instead of us creating or designing something new, we did the
opposite—we took apart something that someone else had already
designed.

Add “reverse engineer” to our class records. Write and post a large sticky note that says, “We
reverse engineered an MRE flameless heater” and add it to your class “What We Do As
Engineers” board.

Also, add “reverse engineer” to the Word Wall (an
example image is shown here).

Have students record how reverse engineering the MRE
flameless heater helped them with their designs on the
right-side column of the Progress Tracker. See sample
entry.

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

We reverse engineered a prepackaged
MRE flameless heater to see how it
worked.

We saw a list of what is inside an MRE heater and did an experiment
to figure out that a chemical reaction between magnesium and water
causes the heater to warm up, but it won’t work for our homemade
heater design. We need to try other options for a chemical process.



2 min

ASSESSMENT
OPPORTUNITY

Building towards 2.A Conduct an investigation to serve as the basis for evidence (patterns) that explains which
substances in the flameless heater cause food to heat up in a prepackaged MRE.

What to look/listen for:
Patterns showed that magnesium and water are the critical ingredients for making the MRE flameless
heater heat up.
Chemical reactions can cause an increase in temperature.
Look at the sample student Progress Tracker entry for additional ideas

What to do: If students are struggling, you can have them update their Progress Trackers with a partner or do a
think-pair-share to brainstorm ideas before writing an individual entry.

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

7 · NAVIGATION
MATERIALS: None

Navigate to next time’s work. Display slide O. Say, So magnesium seems to be driving the MRE heater reaction, but it didn’t get very hot with water
on its own. And unfortunately, magnesium is expensive and difficult to get. It also is not safe to work with because it’s highly flammable and
hazardous. So, magnesium won’t fit our criteria and constraints for a homemade flameless heater.

Suggested prompt Sample student response

What are we wondering now? Is there another chemical process that might work better? Do other
processes heat up, too?


