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The NASA BEST Activities Guide has been developed by a team from the NASA Goddard 
6SDFH�)OLJKW�&HQWHUҋV�2IÀFH�RI�(GXFDWLRQ� LQ�VXSSRUW�RI�1$6$ҋV�([SORUDWLRQ�6\VWHPV�0LVVLRQ�
'LUHFWRUDWH��(60'���(60'�GHYHORSV�FDSDELOLWLHV�DQG�VXSSRUWLQJ�UHVHDUFK�DQG�WHFKQRORJ\�WKDW�
ZLOO�PDNH�KXPDQ�DQG�URERWLF�H[SORUDWLRQ�SRVVLEOH��,W�DOVR�PDNHV�VXUH�WKDW�RXU�DVWURQDXW�H[SORUHUV�
DUH� VDIH�� KHDOWK\�� DQG� FDQ�SHUIRUP� WKHLU�ZRUN� GXULQJ� ORQJ�GXUDWLRQ� VSDFH�H[SORUDWLRQ��(60'�
does this by developing robotic precursor missions, human transportation elements, and life-
support systems.  Ultimately, this Directorate of NASA serves as a stepping stone for the future 
H[SORUDWLRQ�RI�0DUV�DQG�RWKHU�GHVWLQDWLRQV

The NASA BEST Activities Guides were designed to teach students the Engineering Design 

Process.  Our team created three guides to accommodate three grade groups: K-2, 3-5 and 6-8.  
All follow the same set of activities and teach students about humans’ endeavor to return to the 
0RRQ���6SHFLÀFDOO\��KRZ�ZH�LQYHVWLJDWH�WKH�0RRQ�UHPRWHO\��WKH�PRGHV�RI�WUDQVSRUWDWLRQ�WR�DQG�
RQ�WKH�0RRQ��DQG�KRZ�KXPDQV�ZLOO�OLYH�DQG�ZRUN�RQ�WKH�0RRQ���

The Engineering Design Process is a series of steps engineers use to guide them in problem 
solving. Engineers must ask a question, imagine a solution, plan a design, create that model, 
H[SHULPHQW�DQG�WHVW�WKDW�PRGHO��WKHQ�WDNH�WLPH�WR�LPSURYH�WKH�RULJLQDO�²�DOO�VWHSV�WKDW�DUH�FUXFLDO�
WR�PLVVLRQ�VXFFHVV�DW�1$6$���:KDW�PDNHV�WKLV�JXLGH�GLIIHUHQW�IURP�RWKHUV�LV������WKHUH�DUH�QR�
VSHFLÀF�LQVWUXFWLRQV�RU�´UHFLSHVµ�IRU�EXLOGLQJ�WKH�LWHPV��DQG�����WKHUH�DUH�QR�JLYHQ�GUDZLQJV���7KH�
HPSKDVLV�LV�IRU�VWXGHQWV�WR�XQGHUVWDQG�WKDW�HQJLQHHUV�PXVW�́ LPDJLQH�DQG�SODQµ�EHIRUH�WKH\�EHJLQ�
WR�EXLOG�DQG�H[SHULPHQW�� �7R�VXFFHVVIXOO\�FRPSOHWH� WKH�1$6$�%(67�$FWLYLWLHV��VWXGHQWV�PXVW�
GUDZ�WKHLU�LGHDV�ÀUVW before constructing.

0DQ\�RI�WKH�DFWLYLWLHV�KDYH�EHHQ�DGDSWHG�IURP�RWKHUV��DQG�WKHQ�DOLJQHG�ZLWK�WKH�WKHPH�RI�HIIRUWV�WR�
UHWXUQ�WR�WKH�0RRQ�ZLWK�D�IRFXV�RQ�XVLQJ�WKH�(QJLQHHULQJ�'HVLJQ�3URFHVV���(DFK�DFWLYLW\�IHDWXUHV�
objectives, a list of materials, educator information, procedures, and student worksheets.  When 
appropriate, the guide provides images, charts, and graphics for the activities.  All activities 
are intended for students to work in teams���,W�LV�UHFRPPHQGHG�WKDW�HDFK�WHDP�FRQVLVW�RI���
or 4 students.  The activities can be used to supplement curricula during the school day or as 
DFWLYLWLHV�LQ�DIWHU�VFKRRO�FOXEV��DV�D�VHW�RU�LQGLYLGXDOO\���7KLV�JXLGH�RI�DFWLYLWLHV�ZDV�DOVR�GHVLJQHG�
to keep material costs to a reasonable limit, using items often already found in the classroom or 
from home.  Furthermore, all activities correlate to national science, mathematics, technology, 
DQG�HQJLQHHULQJ�VWDQGDUG�V����$�OLVW�RI�QDWLRQDO�VWDQGDUGV�LV�LQFOXGHG�DW�WKH�HQG�RI�WKLV�JXLGH�

We appreciate your interest in this product.  Remember, let the students have fun!

��6XVDQ�+REDQ��3URMHFW�0DQDJHU
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Standard 
Measuring Tools

MATERIALS

Below is a suggested list of materials needed to complete all 

activities in this guide for a group of 24-32 students (~8 teams).  In 

addition, for your convenience, a NASA BEST Kit is available for 

purchase from Science Kit/Boreal Laboratories (www.sciencekit.com/

NASABEST/), which supports ~30 students.

Digital scale (1)

Graduated cylinder (1)

Meter sticks (1 per team)

Measuring tape (1)

Rulers (1 per team)

Stopwatches (1 per team)

Thermometers (2 per team)
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aluminum foil

balloons, assorted

bamboo skewers

binder clips, assorted

blindfolds (1 per team)

bubble wrap

buttons or beads, assorted (~10 per team)

cardboard

card stock

cardboard boxes (1 per team)

c-clamps (at least two)

cheesecloth

clothespins (with springs)

cloth swatch, i.e. quilting square

coffee filters

colored pencils and crayons

cotton balls

empty paper towel tubes

empty toilet paper tubes

fishing line, ~20 lb. test, 5 m

film canisters

glow sticks (2)

glue sticks

index cards

mailing tube, 4” diameter or oatmeal canister

mini foil pie plates (1 per team)

modeling clay

paper bags

paper clips, assorted

pennies (at least 10 per team)

pipe cleaners

plastic cups

plastic eggs (1 per team)

plastic people (i.e. Lego® or Playmobil®)1

plastic wrap

popsicle sticks and/or tongue depressors

rubber bands, assorted

scissors

shoe boxes or similar size boxes

staplers and staples

stirrer sticks

straws

string

tape: masking, electrical, transparent and 
duct tapes

wheels: i.e. model car wheels (plastic or 
wood), empty thread spools, or rotelle pasta 
(4-6 per team)

Materials for 
Activities & 
General Building 
Supplies

1  If toy plastic people are unavailable, encourage students to make their own “astronauts”. m
at
er
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To demonstrate an understanding of the 
Engineering Design Process while utilizing 
each stage to successfully complete a 
team challenge.

PROCESS SKILLS
Measuring, designing, evaluating

MATERIALS
General building supplies

Bag of various sized buttons

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan

Experiment and Record

Build a 
Satellite to 
Orbit the 
Moon

DESIGN
challenge
To design and build a satellite 

that will orbit the moon. It 

must carry a combination of 

cameras, gravity probes, and 

heat sensors to investigate 

the Moon’s surface.  The 

satellite will need to pass a 

1-meter Drop Test without 

any parts falling off of it.
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MOTIVATE
Spend a few minutes asking students if they know 
what engineers do, then show the NASA’s BEST 
Students video titled, “Engineering”:

http://svs.gsfc.nasa.gov/goto?10515 

Using the Engineering Design Process (EDP) graphic 
on the previous page, discuss the EDP with your 
students

Ask a question first about the goal.

Imagine a possible solution.

Plan out a design and draw your ideas.

Create and construct a working model.

Experiment and test that model.

Improve and try to revise that model. 

SET THE STAGE:

 

Share the Design Challenge orally with the students (see next page).

As a group, have students ask questions about the Challenge and brainstorm ideas.  Then 
have students break into teams to create a drawing of a satellite. All drawings should be 
approved before building begins.

 

CREATE 
Distribute materials for students to build their satellites based on their designs and 
specifications. 

 

EXPERIMENT
Teams should make observations of the satellite drop and record them in the data tables of 
their worksheet or report orally to a group leader.  

ASKIMAGINE
&PLAN
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IMPROVE
Have students inspect their satellite and rework their 
design if needed. 

CHALLENGE CLOSURE
Engage the students in a discussion with the following questions:

List two things you learned about what engineers do through building your 
satellite today.

What was the greatest difficulty you encountered while trying to complete 
this challenge?  How did you solve this problem? 

PREVIEWING NEXT SESSION
Ask teams to bring back their satellite model for use at the next session.  You 
may want to store them in the classroom or have one of the club facilitators be 
responsible for their safe return.

Build a Satellite 
Teacher page

DESIGN
challenge
To design and build a satellite 

that will orbit the moon. It 

must carry a combination of 

cameras, gravity probes, and 

heat sensors to investigate 

the Moon’s surface.  The 

satellite will need to pass a 

1-meter Drop Test without 

any parts falling off of it.
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NASA’s lunar exploration missions will 

collect scientific data to help scientists and 

engineers better understand the Moon’s 

features and environment.  These missions 

will ultimately help NASA determine the best 

locations for future human exploration and 

lunar bases.

NASA’s Lunar 
Exploration 
Missions

B
ui

ld
 a

 S
at

el
lit

e 
S

tu
d

e
n

t 
p

a
g

e



15

sa
te
llit
e

SATELLITE INSTRUMENTS
The information gathered by lunar exploration missions 
will add to information collected during earlier missions. 
Some of these missions gathered 
data that caused scientists to 
have more questions — questions 
they hope to solve with new 
instruments on new satellites. For 
example, NASA has recently sent 
a satellite to look for water ice 
on the Moon. Thus, that satellite 
carried instruments (sometimes 
called “detectors” or “sensors”) to 
look for the ice. Other instruments 
will help collect data to make 
exact maps of the Moon’s surface and make careful 
measurements of the radiation falling on the lunar surface 
for the safety of future lunar explorers.

TEAMWORK IS IMPORTANT
The different instruments are designed, tested, and 
assembled by different 
teams of engineers and 
scientists. The separate 
teams must work together 
to ensure instruments 
are the right mass, fit 
correctly, and make 
proper measurements. 
Working together is an 
important skill for everyone to practice.

Build a Satelliite
Student page

DESIGN
challenge
To design and build a satellite 

that will orbit the moon. It 

must carry a combination of 

cameras, gravity probes, and 

heat sensors to investigate 

the Moon’s surface.  The 

satellite will need to pass a 

1-meter Drop Test without 

any parts falling off of it.
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THE CHALLENGE:

Your mission is to build a 

model of a lunar exploration 

satellite with the general 

building supplies available.  

Use different shape and 

sizes of buttons or beads 

to represent the various 

instruments. Your team must:
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1. Use a combination of 
instruments that cannot 
go above four (4) solar 
cells to power your 
satellite.

2. The satellite must 
withstand a drop 
from above your head 
without any pieces 
falling off.

Design a Satellite
Student page

DESIGN
challenge
To design and build a satellite 

that will orbit the moon. It 

must carry a combination of 

cameras, gravity probes, and 

heat sensors to investigate 

the Moon’s surface.  The 

satellite will need to pass a 

1-meter Drop Test without 

any parts falling off of it.
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For this activity, you must design your own satellite.  These are the 
instruments you may choose to put on your satellite:

    

Each of these instruments requires a certain number of solar cells to 
operate on your satellite.  A solar cell         collects energy from the sun to 
power the instruments.

 

If you were to build a satellite with one (1) camera and one (1) heat sensor, 
how many solar cells would you need?  Complete the number sentence 
below:

                (camera)                (heat sensor)            (total solar cells)

_________________________________________________________

ASK
IMAGINE
&PLAN
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Camera

Takes Pictures

needs

+ =

needs needs

Gravity Probe

0HDVXUHV�*UDYLW\
Heat Sensor

0HDVXUHV�7HPSHUDWXUH
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Build a Satelliite
Student page

Draw your satellite.  Include the correct number of solar 
cells it will need.  Make sure to label all the parts of your 
satellite.

Approved by:

DESIGN
challenge
To design and build a satellite 

that will orbit the moon. It 

must carry a combination of 

cameras, gravity probes, and 

heat sensors to investigate 

the Moon’s surface.  The 

satellite will need to pass a 

1-meter Drop Test without 

any parts falling off of it.
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Experiment & 
Record
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Drop your satellite from above your head. Describe to 
your teacher what happened during your satellite’s drop or 
make a drawing.

Did any instruments fall off the satellite? Yes No

Was the satellite damaged during the fall? Yes No

If you answered yes to either question above, discuss with 
your team how you should design your satellite differently.  If 
there is time, make changes in your drawing and add those 
changes to your satellite.

Build a Satelliite
Student page
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challenge
To design a balloon rocket to 

launch the satellite that was 

built in the last activity.  The 

goal is to get the satellite to 

go as far as possible.

OBJECTIVE
To demonstrate an understanding of 
the Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge.

PROCESS SKILLS
Observing, communicating, 
measuring, collecting data, inferring, 
predicting, making models

MATERIALS
Satellite model from previous activity

General building supplies

Rulers or meter sticks

Binder clips or clothes pins

Balloons (several per group)

Straws

5-meter fishing line set-up strung 
between two tables

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan

Experiment and Record

PRE-ACTIVITY SET-UP
The fishing line apparatus should be at 
least 5 meters in length.  Clamp or tie one 
end at table or chair height and stretch 
the line across the space to another table/
chair at the same level.  Holding the free 
end of the line taut for each trial enables 
easy restringing of the successive balloon 
rockets. The line must be very taut for 
best results. Shoot the rockets toward the 
tied end.  Two fishing line set-ups should 
be sufficient for a group of 20 students. 
Note: If the opening in the balloons tends 
to stick, try putting a little hand lotion 
inside the opening.

Launch 
Your 
Satellite
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MOTIVATE
Show the video of a recent rocket launch, titled, “Liftoff…To the Moon!” 

 http://lunar.gsfc.nasa.gov/launch.html

SET THE STAGE:

 
Share the Design Challenge with the students and ask students to retrieve their satellites from 
last session. 

Demonstrate how a balloon rocket works by sending a balloon connected to a straw up the 
fishing line.  Do not model how best to attach the satellite or how best to power the rocket, 
other than releasing the air by using your fingers.  

Ask the students, “How can we use this set up to launch your satellite?”  Remind students that 
one end of the set up is the launch pad and the other end is the Moon.

Remind students to ask questions and brainstorm, then break into teams to create a drawing. 
All drawings should be approved before building.

CREATE 
Challenge the teams to build their rockets based on their plans and remind them to keep within 
specifications.  They will also need to attach their satellites from the previous session. 

EXPERIMENT
Send each team to their assigned launch sites to test their rockets, completing the data tables 
as they conduct each trial launch.

IMPROVE
After their first set of trials, allow teams to make adjustments to their rockets. 

Teams re-launch satellites and record launch distance.  

Teams should then discuss how far their rocket traveled and which combination of variables 
gave the best results.

ASKIMAGINE
&PLAN
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challenge
To design a balloon rocket to 

launch the satellite that was 

built in the last activity.  The 

goal is to get the satellite to 

go as far as possible.

CHALLENGE CLOSURE
Engage the students in the following questions:

What was the greatest challenge for your team today?

Which straw length did you choose and why did you choose it?

If you had more time, what other rocket element would you change 
(ex: balloon shape or size)?

PREVIEWING NEXT SESSION 
Ask teams to think about how humans navigate robotic rovers on a distant 
planet or moon.  How are they programmed?  How do the rovers receive 
messages from a team on Earth?

Launch Your Satellite 
Teacher page
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NASA launches several rockets each year.  There 

are actually several launch facilities around the 

United States.  You probably know of the launch 

pad at Kennedy Space Center in Florida, but did 

you know there is a launch facility at Vandenberg 

Air Force Base in California, one at Wallops Flight 

Facility in Virginia, and another at White Sands 

Missile Range in New Mexico?  A rocket is just 

the launch vehicle that carries a payload into 

space.  A payload is the load, or package or set 

of instruments, that needs to be delivered to a 

destination.  When you watched the video for this 

session, you saw an Atlas V rocket carry a payload, 

the LRO and LCROSS satellites, to a destination: an 

orbit around the Moon.

3, 2, 1 . . .
We have 
lift-off!
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challenge
To design a balloon rocket to 

launch the satellite that was 

built in the last activity.  The 

goal is to get the satellite to 

go as far as possible.

THE CHALLENGE:

Your mission is to design and build a 

launch vehicle to send a payload to the 

Moon.  The launch vehicle is a balloon 

rocket assembly.  Your payload is the 

satellite you built at the last session.  Your 

team must also determine how to attach 

your satellite to the balloon assembly and 

then launch it down a fishing wire.   

Launch Your Satellite 
Student page
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ASK
IMAGINE
&PLAN
Draw and label your balloon rocket design that includes the satellite design.
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eDESIGN

challenge
To design a balloon rocket to 

launch the satellite that was 

built in the last activity.  The 

goal is to get the satellite to 

go as far as possible.

Launch Your Satellite 
Student page

Approved by:
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Experiment & 
Record

Your challenge is to 
launch your balloon 
rocket the farthest 
distance!  Build your 
rocket with ONE 
balloon attached 
to a drinking straw.  
Test three different 
lengths of straw.
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Now that you tried three different lengths of straw, build 
your final rocket – the one your team expects to go the 
farthest.

DESIGN
challenge
To design a balloon rocket to 

launch the satellite that was 

built in the last activity.  The 

goal is to get the satellite to 

go as far as possible.

Launch Your Satellite 
Student page

Balloon Rocket Data Table 1

Balloon Rocket Data Table 2

Trial 1 Trial 2 Trial 3

Straw Length
Short

_____ cm

Medium

_____ cm

Long

_____ cm

Distance traveled (cm)

Rocket Elements New Trial after re-design

Balloon length (cm)

Straw Length (cm)

Distance traveled (cm)
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Prepare for
a Mission

DESIGN
challenge
To execute a mini-simulation 

of a robotic mission with a 

goal to command a human-

robot through a set course to 

retrieve a piece of lunar ice.

OBJECTIVE
To demonstrate an understanding of 
the Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge.

PROCESS SKILLS
Mapping, communication, 
measuring, logical thinking

MATERIALS
Rulers or meter sticks

Blindfolds

“Prize” as lunar ice sample

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan

Experiment and Record

PRE-ACTIVITY SET-UP
Set up a small obstacle course with a 
few chairs, waste paper baskets, and/
or a table.  The course does not have 
to be too complicated, but set it up 
so students will have to take at least 
one right turn and one left turn.  Also, 
give the students enough obstacles 
so there is more than one path to take 
to the “finish”.  An area of about 25 
square meters is recommended.

Please note: This activity will require 
two 60-90 minute sessions to 
complete. Make sure to set up the 
obstacle course exactly the same 
for both sessions. Also, the student 
acting as the robot will need to be 
blindfolded for this activity.  Please 
take time to discuss with your 
students about assisting or “spotting” 
their blindfolded peer.
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MOTIVATE
Explain to the students that many of NASA’s missions are 
conducted by robots.  Ask students to draw their ideas of what 
a robot looks like and compare the differences.  

SET THE STAGE:

Share the Design Challenge with the students.  Remind students 
to take the time to ask questions about the challenge and 
imagine a solution. 

Students must draw their chosen course on the map and include 
at least one right turn and one left turn. Map should be approved 
before proceeding to next step.

Let students practice commands to use with their robot.  These 
commands are simple words, plus a number for steps taken.

CREATE
Students will define the robot’s route through the lunar landing 
site and count the number of steps needed for each command.  
They will then create a command sequence to use for their 
robot that matches the route they have 
planned on their maps.

EXPERIMENT
Student teams must navigate the 
lunar landing site, using the command 
sequence each team designed.  Have 
students cut out the commands into 
strips of paper and designate one 
student per team to deliver each 
command.  Designate another team 
member to run a stopwatch.  Position 
the robots at the start and have the 
teams sitting or standing aside from 
the obstacle course.  The students 
designated to deliver commands are to 
deliver one command at a time – one 
student walks to the robot, delivers one 

ASKIMAGINE
&PLAN
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oncommand, then returns to the team.  Robot performs the command.  The 
next student then walks to the robot and delivers the command, returns, etc. 
Only one command is delivered at a time to represent one line of code sent 
over a radio signal.  The rest of the team cannot deliver another command 
until they have determined if the robot has successfully executed that 
command. Have each team record how much time it takes to successfully 
complete the task when the robot picks up the “lunar ice”.

CHALLENGE CLOSURE
Engage students in the following questions:

Did each team pick the same route or were there several routes to get to the 
lunar ice?  Which route worked the best?

Why did you have to deliver each command separately?  How does it relate 
to communicating with robots in space?

PREVIEWING NEXT SESSION 
Ask teams to think about how a spacecraft might land on the Moon safely.  
Ask them to think about why it does not make sense to use a parachute on the 
Moon.  Answer: There is no air on the Moon to fill up the parachute.

DESIGN
challenge
To execute a mini-simulation 

of a robotic mission with a 

goal to command a human-

robot through a set course to 

retrieve a piece of lunar ice.

Prepare for a Mission
Teacher page
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Every NASA mission has 

several parts leading to its 

success.  When leading a 

remote mission on another 

planet or moon, NASA 

scientists and engineers 

must plan every step of the 

mission carefully.  When 

using robots or rovers, each mission team calibrates and programs these 

machines to accomplish the mission objective, such as to travel to certain 

locations on that planet or moon.  In addition, NASA must use radio signals 

to send their commands.  So a mission on a distant planet could take 

minutes to hours to days to communicate to that robot.

The 
Discovery Mission
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Your team has been chosen to operate a robotic Discovery 
Mission on the surface of the Moon.  You will be given 
a specific starting location, and your robot must move 
through a lunar landscape to the location of the “lunar 
ice” without bumping into any “lunar boulders” or other 
obstacles.  To successfully complete the Discovery Mission, 
your robot must pick up a piece of “lunar ice.” 
 
Before your robot begins to move on the lunar surface, you 
will have to complete the following activities:

1. Designate your robot - One student in each team must 
volunteer to be the robot.  The robot will be the person who 
actually walks through the course, blindfolded, following 
the instructions of her/his team.  The team should give their 
robot a name.

2. Map the robot’s route – Using the map in your 
worksheets, mark out a route for the robot.

3. Learn to communicate with your robot – Each team 
must develop commands for your robot.  You will practice 
these commands until you and the robot are comfortable 
with them.  These will be the commands that you will give 
the robot to travel through the path you have drawn on the 
map.

4. Program the robot – Use the commands that you 
practiced to tell the robot how to navigate the path you 
have drawn on the map.

Prepare for a Mission
Student page

DESIGN
challenge
To execute a mini-simulation 

of a robotic mission with a 

goal to command a human-

robot through a set course to 

retrieve a piece of lunar ice.
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ASK
IMAGINE
&PLAN
STEP 1 – Designate your robot.

One person from your team must volunteer to be the robot.  

STEP 2 - Mapping

On the next page is a map for the Discovery Mission.  Using a pencil, draw  
arrows on your map and create a route your robot will take to get to the 
lunar ice sample.  You must include at least one right turn and one left turn.
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onCreate the route for your robot within the 
diagram below.

DESIGN
challenge
To execute a mini-simulation 

of a robotic mission with a 

goal to command a human-

robot through a set course to 

retrieve a piece of lunar ice.

Prepare for a Mission
Student page

Approved by:
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STEP 3 – Communicate with your robot 
 
When you program a robot, you must use simple words 
and be specific in your directions.  If you want your 
robot to go forward, how many steps should the robot 
go? 

Practice the words below with your robot and see if 
your robot follows the commands correctly.

Sample Command for Robot Action by robot

MOVE FORWARD TWO STEPS Walk forward two steps.

MOVE BACKWARD ONE STEP Walk backward one step.

TURN RIGHT Turn to the right.

TURN LEFT Turn to the left.

PICK UP LUNAR ICE Pick up the lunar ice sample.

Were any of these commands difficult for your robot to execute?  If so, 
which ones?

Suggest a better command to use with your robot.
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Review the map with the route your team has created for 
your robot.  Now your team needs to create commands 
for your robot to match your route.  Write down one 
command that matches each arrow on your map.

Prepare for a Mission
Student page

DESIGN
challenge
To execute a mini-simulation 

of a robotic mission with a 

goal to command a human-

robot through a set course to 

retrieve a piece of lunar ice.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Command Sequence
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Experiment & 
Record

Execute the Discovery Mission! 
It is time to let your Robot explore the Moon!  
You planned your route and practiced your 
commands. Now complete the mission.  Take 
the complete command sequence your team 
designed and cut each command out of the 
page as separate pieces of paper.  Designate 
two team members to deliver the commands 
to the Robot and divide those sheets of paper 
amongst them.  Another team member or your 
teacher can use a stopwatch to time how long it 

takes for the Robot to reach the Lunar 
ice sample.  Record each team’s time in 
the next page to compare how long the 

mission took for each team!
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Prepare for a Mission
Student page

Team Name Time (seconds)

1.

2.

3.

4.

5.
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OBJECTIVE
To demonstrate an understanding of 
the Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge.

PROCESS SKILLS
Measuring, designing, evaluating

MATERIALS
General building supplies

Meter stick

Digital scale

Small plastic people (i.e. Lego) 

Plastic eggs

Pennies or washers (“cargo”)

Wheels

Something to use as a ramp 
(preferably a flat surface that would 
enable the buggy to roll for 25 cm or 
more)

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan 

Experiment and Record

PRE ACTIVITY SET-UP
Set up a small ramp for the students 
to use with their Lunar Buggies.  It can 
be made with something as simple 
as a large book set up on a table or a 
piece of wood propped up on chair. 

Design a 
Lunar Buggy

DESIGN
challenge
To design and build a 

model of a Lunar Buggy 

that will carry equipment 

and astronauts on the 

surface of the Moon and to 

determine the best slope of 

ramp for the rover to travel 

the farthest distance.
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MOTIVATE
Show the video about the Apollo 15 Lunar Rover 
on the Moon:

http://starchild.gsfc.nasa.gov/Videos/StarChild/space/rover2.avi

Ask students to pay attention to the comments made 
about the difficulties in driving on the lunar soil. 

SET THE STAGE:

Share the Design Challenge with the students.

Remind students to ask questions and brainstorm ideas, then break into teams to create a drawing of a 
Lunar Buggy.  All drawings should be approved before building.

CREATE
Challenge the teams to build their Lunar Buggy based on their designs.  Remind them to keep within 
specifications. 

EXPERIMENT
Students will let their rover roll down the ramp and record their observations.

Students will test how much cargo weight their rovers can support by adding pennies (or washers, 
rocks, etc) to the plastic egg.  

IMPROVE
Students should improve their Lunar Buggy models based on results of the experiment phase.

ASKIMAGINE
&PLAN
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Engage the students in the following questions:

Did the cargo mass make a difference on your Buggy’s performance?

How did the slope of the ramp affect your Buggy’s performance? 

PREVIEWING NEXT SESSION 
Ask teams to bring back their Lunar Buggy models for use in next session’s 
challenge.   You may want to store them in the classroom or have the facilitator 
be responsible for their safe return next session.

Ask teams to think about potential landing pods for use during the next session.  
Tell students they will be building the landing pod out of the materials that have 
been available to them. The pod will be dropped from as high as possible (out a 
second story window, off a tall ladder, or from the top of a staircase).

Design a
Lunar Buggy 
Teacher page

DESIGN
challenge
To design and build a 

model of a Lunar Buggy 

that will carry equipment 

and astronauts on the 

surface of the Moon and to 

determine the best slope of 

ramp for the rover to travel 

the farthest distance.
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During the first set of activities, we have 

spent some time thinking about how to 

get to the Moon.  Now you need to think 

about landing on the Moon, and 

how to deliver cargo to the Moon.  

Astronauts will need a mode of 

transportation in order to get around 

to investigate different areas of the Moon.  

During the Apollo missions, astronauts 

drove a Lunar Buggy several kilometers 

away from their spacecraft.  Today you 

get to be the engineers designing a new 

Lunar Buggy that can perform functions 

the Apollo Lunar Buggy could not.  Your 

challenge is to build a model of a Lunar 

Buggy that astronauts will eventually use to 

carry astronauts and cargo on the Moon.  

Let’s Go for 
a Ride!
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Each team must design and build a 
Lunar Buggy with the following constraints: 

1. The Lunar Buggy must carry one plastic egg snugly. 
The egg may not be taped or glued into place. 
(The egg represents the cargo hold.)

2. The Lunar Buggy must 
be able to roll with 
cargo in the cargo 
hold (pennies, buttons, 
washers, rocks, etc).

3. The Lunar Buggy must 
have  room for two 
“astronauts”. You may use plastic people provided 
to you or make your own. Your astronauts may not 
be taped or glued into place.

4. The Lunar Buggy must roll on its own down a ramp 
for a distance of approximately 50 cm in a straight 
line beyond the ramp. 

5. The Lunar Buggy must be able to hold cargo and 
astronauts in place and in tact as the Buggy rolls 
down the ramp.

Design a 
Lunar Buggy 
Student page

DESIGN
challenge
To design and build a 

model of a Lunar Buggy 

that will carry equipment 

and astronauts on the 

surface of the Moon and to 

determine the best slope of 

ramp for the rover to travel 

the farthest distance.
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ASK
IMAGINE
&PLAN
Draw and label your Lunar Buggy:
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Design a 
Lunar Buggy 
Student page

Approved by:

DESIGN
challenge
To design and build a 

model of a Lunar Buggy 

that will carry equipment 

and astronauts on the 

surface of the Moon and to 

determine the best slope of 

ramp for the rover to travel 

the farthest distance.
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Experiment & 
Record
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balance. Record the data in the table under Trial 1.  Test 
your buggy on the ramp.  Measure the distance it travels 
down the ramp.  Record the distance in the table under 
Trial 1.

Lunar Buggy Data Table

Did your design work well?  If not, redesign your Buggy 
and try a different amount of cargo, then experiment 
again.  Record your data in the table for Trial 2.

Describe or draw any changes you made to your Buggy: Design a 
Lunar Buggy 
Student page

Trial 1 Trial 2

Cargo Mass (grams)

Distance travelled down 
ramp (cm):

DESIGN
challenge
To design and build a 

model of a Lunar Buggy 

that will carry equipment 

and astronauts on the 

surface of the Moon and to 

determine the best slope of 

ramp for the rover to travel 

the farthest distance.
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OBJECTIVE
To demonstrate an understanding of the 
Engineering Design Process while utilizing 
each stage to successfully complete a team 
challenge.

PROCESS SKILLS
Measuring, designing, evaluating

MATERIALS
Lunar Buggy with egg cargo

General building supplies

Meter stick

Balloons

Bubble wrap and/or packaging material

Cardboard and/or shoeboxes

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan

Experiment and Record

DESIGN
challenge
To design and build a 

Landing Pod for the model 

Lunar Buggy that was built 

in the previous session.

Design a 
Landing Pod

Please note: This activity may require two 60-90 minute sessions to complete.  
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MOTIVATE
Show the video titled “Entry, Decent, and Landing 
(EDL).”  

http://marsrovers.nasa.gov/gallery/video/challenges.html

Ask students to pay particular attention to the ways 
NASA slowed the rovers down as they entered the 
atmosphere.  Note the difference between the Martian 
atmosphere and that of 
the Moon. 

SET THE STAGE:

Share the Design Challenge with the students. 

Remind students to ask questions and brainstorm ideas, then break into 
teams to create a drawing of a Landing Pod.  All drawings should be 
approved before building.

CREATE
Challenge the teams to build their Landing Pod based on their designs.  
Remind them the Lunar Buggy must be secured inside the Pod but 
cannot be taped or glued in place.  Students should also be sure that 
the egg inside the rover is empty.

EXPERIMENT
The actual “landing” is simulated by the facilitator. 
Suggestions: Drop Landing Pods safely out of a second 
story window, from a landing of a stairwell or from the 
top of a ladder.  (Safety note: follow the manufacturer’s 
recommendation when using a ladder.)  Just be sure the 
students know ahead of time what to expect.

Open each Landing Pod after it comes to rest and check 
Buggy is upright. 

Using the same ramp as last session, place the Landing 
Pod at the top of the ramp and let the Lunar Buggy roll 
out.  (It might require a little push.)

The students should measure the distance the Buggy 
rolls and check to see if the egg stayed closed.
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DESIGN
challenge
To design and build a 

Landing Pod for the model 

Lunar Buggy that was built 

in the previous session.

IMPROVE
Students improve their Landing Pods based on results of the 
three trial drops.

CHALLENGE CLOSURE
Engage the students with the following questions:

Which materials worked best to protect the Lunar Buggy?

If you knew ahead of time that your Buggy had to survive a 
landing, would you have made any changes to your design?

PREVIEWING NEXT SESSION
Soon NASA will send the next generation of explorers to 
Mars or other destinations in the solar system aboard a new 
Crew Exploration Vehicle (CEV).  The next session will have 
teams design and build a CEV that will carry two - 2 cm sized 
passengers safely and will fit within a certain size limitation.

Design a 
Landing Pod 
Teacher page
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Now that you have 

designed a Lunar 

Buggy that will 

transport astronauts around the lunar 

surface, you need to think about safely 

delivering this vehicle to the Moon.  

When NASA sent its two robotic rovers, 

Spirit and Opportunity, to Mars, they 

landed on Mars in a very interesting 

fashion.  They fell out of the Martian 

sky, slowed down by a parachute and 

then bounced on the surface until they 

came to a stop!  How did they do that?  

The rovers were inside a landing pod 

made of AIR BAGS!  But the Martian 

atmosphere and surface is very 

different from the Moon, so to repeat 

this on the Moon would require several 

design modifications.

Fragile Cargo!
Handle with Care!
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DESIGN
challenge
To design and build a 

Landing Pod for the model 

Lunar Buggy that was built 

in the previous session.

THE CHALLENGE:
Each team must design and build a 
Landing Pod that will safely deliver your 
Lunar Buggy to the Moon’s surface.  The 
Landing Pod must meet the following 
constraints: 

1. The Landing Pod must safely deliver your 
Lunar Buggy to the surface from a height 
given by the teacher.

2. The Landing Pod must land RIGHT-SIDE up 
and the Lunar Buggy must be able to roll out, 
so it must land in the correct orientation.

3. Materials of the Landing Pod must be 
reusable for other missions on the lunar 
surface.  If a balloon pops or tape folds over 
on itself, those items are no longer reusable.

4. The Landing Pod must have a hatch or door 
for release of the Lunar Buggy, and should 
then roll out with no more than a nudge onto 
the ramp. Therefore, the Lunar Buggy cannot 
be taped or glued inside the Landing Pod.

5. The Lunar Buggy should not suffer any 
damage from the lunar landing and still be 
able to roll down a ramp.

Design a 
Landing Pod 
Student page



68

ASK
IMAGINE
&PLAN
Draw your Landing Pod and label the materials you plan to use to protect 
your Lunar Buggy.  Make sure to indicate the “door” or “hatch” on the 
Landing Pod.
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DESIGN
challenge
To design and build a 

Landing Pod for the model 

Lunar Buggy that was built 

in the previous session.

Design a 
Landing Pod 
Student page

Approved by:
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Experiment & 
Record
Make two test drops with your Landing Pod, 
but use a height that is less than the final 
drop height given by your teacher.  Record 
what happens to your Landing Pod and the 
Buggy inside.

Landing Pod Data Table

Trial
Drop 
Height (m)

Observations 

1

2
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Was the Landing Pod damaged during the fall? 
Yes  No 
 
Was the Lunar Buggy damaged during the fall? 
Yes  No

If you answered yes to either question above, discuss with 
your team how you should design the Landing Pod differently.  
If there is time, make changes in your drawing and add those 
changes to the Landing Pod.

Now for the actual lunar landing!  Follow your teacher’s 
instructions and answer the following questions.

Post Lunar Landing Questions

Draw a picture showing your Lunar Buggy and Landing Pod 
after the drop.  Include any damage that may have occurred.

Design a
Landing Pod
Student page

Did the Landing Pod 
remain closed during 
impact? (YES or NO)

Did the Lunar Buggy 
land in an upright 
position? (YES or NO)

How far did the 
Buggy roll beyond 
the ramp? (cm)

DESIGN
challenge
To design and build a 

Landing Pod for the model 

Lunar Buggy that was built 

in the previous session.
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OBJECTIVE
To demonstrate an understanding of 
the Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge.

PROCESS SKILLS
Measuring, designing, evaluating

MATERIALS
General building supplies

Mailing tube, oatmeal canister, or small 
coffee can (used as size constraint)

2 plastic people (i.e. Lego)  

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan

Experiment and Record

PRE-ACTIVITY SET-UP
Select a size constraint (mailing tube, 
oatmeal canister or coffee can).  Fill in 
the sentence on the Design Challenge 
so students will know what the size 
constraint is for their CEV.

DESIGN
challenge
To design and build a Crew 

Exploration Vehicle (CEV) 

that will carry two - 2 cm 

sized passengers safely 

and will fit within a certain 

volume (size limitation).  

The CEV will be launched 

in the next session.

Design a 
Crew 
Exploration 
Vehicle



76

MOTIVATE
Show the NASA BEST video titled “Repeatability”:

                   http://svs.gsfc.nasa.gov/goto?10515

Ask the students why it is important to test their own designs.

SET THE STAGE:

Share the Design Challenge with the students.

Remind students to ask questions and brainstorm ideas, then break into teams to create a 
drawing of a CEV.  All drawings should be approved before building.

CREATE
Challenge the teams to build their CEVs based on their designs and to keep within 
specifications.

Visit each team and test their designs to ensure they fit within the size specifications of the 
cylinder you are using.  

EXPERIMENT 
Each team should conduct two drop tests from about 1 meter. The students can simply hold the 
CEV model over their heads and drop it.  They should record their results after each test, and 
note what changes they plan to make as a result of the drop test.

IMPROVE
After each drop test, the students should improve the CEV models based on the results of the 
experiment.

CHALLENGE CLOSURE
Engage the students with the following questions:

What was the greatest challenge for your team today?

Why was it important that the hatch stay closed during the Drop tests?

What process will your CEV undergo that makes it important for the astronauts to stay secured 
in their seats?
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PREVIEWING NEXT SESSION
Ask teams to bring back their CEV model for use in next 
session’s challenge.   You may want to store them in the 
classroom or have one of the facilitators be responsible for their 
safe return next session.

Ask teams to think about potential launch mechanisms before 
the next session.  Tell them they will be building a launcher out 
of the standard materials that have been available to them, 
including large rubber bands. 

Design a CEV 
Teacher page

DESIGN
challenge
To design and build a Crew 

Exploration Vehicle (CEV) 

that will carry two - 2 cm 

sized passengers safely 

and will fit within a certain 

volume (size limitation).  

The CEV will be launched 

in the next session.



78

NASA needs a new vehicle to take 

astronauts to the Moon because the 

Space Shuttle was never designed 

to leave the Earth’s orbit. NASA and 

its industry partners are working on a 

space vehicle that will take astronauts 

to the Moon, Mars, and beyond. 

This spacecraft is called the Crew 

Exploration Vehicle (CEV). The CEV is 

a vehicle to transport human crews 

beyond low-Earth orbit and back 

again. The CEV must be designed to 

serve multiple functions and operate in 

a variety of environments.

Taking humans back 
to the Moon…40 years 
later!
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THE CHALLENGE:
Each team must design and build a Crew 
Exploration Vehicle with the following 
constraints: 

1. The CEV must safely carry two “astronauts”. 
You must design and build a secure seat for 
the astronauts, without gluing or taping them in 
place. The astronauts should stay in their seats 
during each drop test.

2. The CEV must fit within the ________________.  
This item serves simply as a size constraint.  
The CEV is not to be stored in this or launched 
from this item. 

3. The CEV must have one hatch that opens and 
closes and is a size that your “astronauts” can 
easily enter/exit from. The hatch should remain 
shut during all drop tests. 

Design a CEV 
Student page

DESIGN
challenge
To design and build a Crew 

Exploration Vehicle (CEV) 

that will carry two - 2 cm 

sized passengers safely 

and will fit within a certain 

volume (size limitation).  

The CEV will be launched 

in the next session.
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ASK
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&PLAN
Draw your Crew Exploration Vehicle (CEV) and show where the astronauts 
will sit.
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Review your team’s design. Answer the 
questions in the table.

Design a CEV 
Student page

Vehicle 
components

Use Measurement 

Astronauts Crew How many?

CEV Carries crew 
to Moon

What is the diameter (cm) 
of the container serving as 

your size constraint?

Does your CEV fit the size 
restrictions?

Hatch Allows entry 
and exit

How many people wide?

How many people high?

HINT!  
What is diameter?  The diameter 
is the length of a straight line that 
passes through the center of a 
circle.  Use a ruler to measure the 
line from one edge of the circle to 
the opposite edge.

DESIGN
challenge
To design and build a Crew 

Exploration Vehicle (CEV) 

that will carry two - 2 cm 

sized passengers safely 

and will fit within a certain 

volume (size limitation).  

The CEV will be launched 

in the next session.
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If any damage occurred to your CEV, or your astronauts did 
not stay in place, discuss with your team how you should 
design the CEV differently.  If there is time, make changes in 
your drawing and add those changes to the model CEV.

CEV Drop Test Observation Table

Drop your CEV from over your head.  
Answer the questions in the table.

Design a CEV
Student page

Trial Number Observations

1

Did the astronauts stay in their seats? 

     YES or NO

Did the door fly open? 

     YES or NO

2

Did the astronauts stay in their seats? 

     YES or NO

Did the door fly open? 

     YES or NO
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OBJECTIVE
To demonstrate an understanding 
of the Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge.

PROCESS SKILLS
Measuring, designing, evaluating

MATERIALS
General building supplies

Meter stick or measuring tape

C-clamps

Rubber bands of various sizes

Model CEV from previous activity

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan

Experiment and Record 

PRE ACTIVITY SET UP
See next page.

Launch 
Your CEV

DESIGN
challenge
To design and test a 

Reusable Launcher for the 

Crew Exploration Vehicle 

(CEV).  The CEV should 

travel 5 meters when 

launched.
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MOTIVATE
Show the first two minutes of the video titled “Constellation: Flight Tests”. 
(if time permits, show all)

             www.nasa.gov/mission_pages/constellation/multimedia/index.html

Ask the students what was the most important lesson learned from those images? (test, 
test and test again!)

SET THE STAGE:

Share the Design Challenge with the students.  

Emphasize that the objective is to build a launcher producing repeatable results.  It is 
more important for the CEV to launch the same distance each time than for the CEV to be 
launched the farthest.

Remind students to ask questions and brainstorm ideas, then break into teams to create 
a drawing of a reusable launcher.  All drawings should be approved before building.

CREATE
Challenge the students to build a Reusable Launcher based on their designs.  

EXPERIMENT
Conduct two sets of tests: 3 launches, each using three different set-ups. Record data.

IMPROVE
Students improve the Reusable Launcher based on results of the tests.

ASKIMAGINE
&PLAN
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Engage the students with the following questions:

Why was it important that the launcher be reusable?

Why was it important that your results were repeatable?

PREVIEWING NEXT SET OF ACTIVITIES
The Moon is a very harsh environment.  There is no atmosphere to protect 
astronauts and their equipment from solar radiation and the extreme 
temperature swings between night and day.  Next session, we will begin to 
find ways to protect astronauts from those extreme temperature changes.

Launch Your CEV 
Teacher page

DESIGN
challenge
To design and test a 

Reusable Launcher for the 

Crew Exploration Vehicle 

(CEV).  The CEV should 

travel 5 meters when 

launched.
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For years, NASA has been reusing launch 

components to send rockets and the Space 

Shuttle into space. For example, the solid 

rocket boosters (SRB’s) on the Space 

Shuttle are often retrieved from the ocean, 

brought back to Kennedy Space Center, 

then cleaned and prepped for another 

Shuttle Launch.  Why?  The same reason 

we recycle our aluminum cans.  It helps the 

environment and helps us save money for 

future launches.  During this session, you 

must design and test a Reusable Launcher 

for your Crew Exploration Vehicle that will 

journey to the Moon. Therefore, your goal 

will be to launch your CEV into orbit around 

the Moon.

It’s Time to 
Launch into 
Space!
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challenge
To design and test a 

Reusable Launcher for the 

Crew Exploration Vehicle 

(CEV).  The CEV should 

travel 5 meters when 

launched.

THE CHALLENGE:

To design and test a Reusable Launcher 
with the following constraints: 

1. Launch the CEV to reach a goal of 5 meters.  See the 
drawing on the previous page for an idea of how to set 
up your launch.

2. The Launcher must be reusable for each trial. If your 
rubber band breaks because it was pulled too far, it is 
not reusable for another launch.

3. The Launcher produces a repeatable outcome. If you set 
up the Launcher the same way twice, the CEV should 
travel the same distance both times. It is more important 
that the CEV is launched the same distance using the 
same setup than it is to get the CEV to travel the farthest 
distance.

Launch Your CEV 
Student page
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challenge
To design and test a 

Reusable Launcher for the 

Crew Exploration Vehicle 

(CEV).  The CEV should 

travel 5 meters when 

launched.

Launch Set-Up

Launch Your CEV 
Student page
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ASK
IMAGINE
&PLAN
Draw and label a picture of your team’s Reusable Launcher.
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If you change how far back you pull the rubber band, how 
will it affect the launch?

DESIGN
challenge
To design and test a 

Reusable Launcher for the 

Crew Exploration Vehicle 

(CEV).  The CEV should 

travel 5 meters when 

launched.

Launch Your CEV 
Student page

Approved by:
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Experiment & 
Record

1.  Measure how far back you 
pull the rubber band and record 
it in the table. Launch your 
CEV and record the distance it 
travels.  Repeat the experiment 
two more times with the same 
pull length.  

2.  Now pull the rubber band 
back at a different length and 
launch your CEV.  Measure the 
new distance and record your 
data. Repeat.
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Did your launcher produce the same distances for each pull 
of the rubber band?  If not, discuss with your team how to 
improve the launcher.  Make those changes and repeat the 
experiment.

CEV Launch Data Table

Launch Your CEV
Student page

Trial Distance rubber band 
is pulled back

Distance 
traveled (m)

Distance 
from target 

(m)

1 Setup A: ____ cm

2 Setup A: ____ cm

3 Setup A: ____ cm

1 Setup B: ____ cm

2 Setup B: ____ cm

3 Setup B: ____ cm
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OBJECTIVE
To demonstrate an understanding 
of the Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge.

PROCESS SKILLS
Experimental design, measuring, 
and data analysis

MATERIALS
Glow sticks (2)

Thermometers

Stopwatches

Graduated cylinders

Plastic cups

Insulating materials 
(e.g. bubble wrap, paper, cloth, 
sand, water, foil, Styrofoam, etc.)

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan

Experiment and Record

PRE-ACTIVITY SET UP
While the students are using the EDP 
to create an insulator, they will also be 
conducting a scientific experiment that 
requires a control.  While the students 
test their cups, place a cup of hot water 
and a cup of cold water at the front of 
the room, un-insulated, each holding a 
thermometer.  Set a timer for every 30 
seconds and record the data to share 
with the students so they may compare 
their data.

Design 
a Lunar 
Thermos

DESIGN
challenge
To design an insulator 

for a cup of warm 

water to maintain water 

temperature relatively 

constant. To apply the 

understanding of how 

things get warmer and 

cooler heat transfer.
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MOTIVATE
Ever wonder what is involved in desiging today’s spacesuits?  Check out this 
interactive site to learn about NASA’s spacesuits:

       www.nasa.gov/audience/foreducators/spacesuits/home/clickable_suit.html

SET THE STAGE:

Share the Design Challenge with the students

Let students pretend to be molecules. First have them stand still and close 
together.  Then have the students wiggle and then walk and move around to 
demonstrate more heat energy entering the system. Have them move faster 
and jump up and down as even more energy enters the system. Then have the 
students stop to notice where they are standing. (Note: They should be much 
farther apart and should feel much warmer than they were originally.)

Place a glow stick in a clear cup of hot water and a clear cup of cold water, 
then turn off the lights.  Using the knowledge they just acquired from the 
earlier activity, ask the students to select the glow stick with more molecular 
movement.

Remind students to ask questions and brainstorm ideas, then break into teams 
to create a drawing of a lunar thermos.  All drawings should be approved 
before building.

CREATE 
Have students practice measuring temperature on the thermometer.

Challenge the students to devise an insulation system to keep warm 
water at a constant temperature.

EXPERIMENT
Have students follow the directions on the Experiment and Record 
worksheet to complete their experiment.

ASKIMAGINE
&PLAN
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IMPROVE
Have students design other combinations of materials to decrease 
any temperature fluctuation from their first design.

CHALLENGE CLOSURE
Engage the students in the following questions:

How much did the temperature of the water change in your Lunar 
Thermos? 

How does your experiment’s data compare to the control experiment 
your teacher conducted at the front of the room?

PREVIEWING NEXT WEEK
During this session, you explored designing insulation to reduce 
temperature changes, much like protecting humans from the extreme 
temperature swings on the Moon’s surface.  What if you needed to 
capture heat energy instead?  

Design 
a Lunar Thermos 
Teacher page

DESIGN
challenge
To design an insulator 

for a cup of warm 

water to maintain water 

temperature relatively 

constant. To apply the 

understanding of how 

things get warmer and 

cooler heat transfer.
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There is no atmosphere on the Moon, so temperatures fluctuate 

through a very wide range.  In the shadowed areas of the 

moon, the temperature can be as low as -180°C (or -300°F), 

and in the sunlit areas, it is about 100°C (or 212°F), 

which is the boiling point for water!  These are serious 

extremes for human beings! Furthermore, there are 

spots on the Moon that are permanently exposed to 

the Sun, and others permanently in shadow.  It is in 

the permanently shadowed areas of some craters 

that scientists believe water ice may exist.

Protecting Ourselves
Anyone living on the Moon - even for a short while 

- will have to deal with this temperature variation 

and be protected properly from its damaging effects.  

Just think about the number of layers you wear when 

going outside on a very cold winter’s day.  The goal 

in designing a space suit is to create protective layers 

to keep a human body at a fairly constant temperature.  

Therefore, we must understand how heat moves.  We 

need to design protective wear to prevent heat from being 

transferred to, or transferred away, from our bodies.  How could 

we insulate ourselves from the wide variations of temperature in 

the lunar environment?

Oh, to not have an 
atmosphere!
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THE CHALLENGE:
Your mission is to design a “Lunar Thermos” 
– a protective insulator for a cup of warm 
water. You must also conduct an experiment to 
compare your insulated cups to unprotected 
cups set up by your teacher.  The design 
constraints are: 

1. Use any combination of materials available to you to create a 
protective insulating layer to keep 100 ml of warm tap water 
at a relatively constant temperature.

2. Your “Lunar Thermos” temperatures should change by no 
more than 3 oC over 5 minutes.  

Design 
a Lunar Thermos 
Student page

DESIGN
challenge
To design an insulator 

for a cup of warm 

water to maintain water 

temperature relatively 

constant. To apply the 

understanding of how 

things get warmer and 

cooler heat transfer.
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ASK
IMAGINE
&PLAN
Draw a picture of a warm human standing on the Moon in the cold, lunar 
night.  In your picture, show how heat moves between the human and the 
air around him or her.  Make sure to label the arrows warm and cool.
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Now imagine that the sun comes up, and the human is standing on the 
hot lunar surface.  Draw a picture showing how heat moves between 
the human and the air around him or her.  Make sure to label the 
arrows warm and cool.
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Draw and label the materials you will use to build your 
Lunar Thermos.

Approved by:
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Experiment & 
Record

1. Collect necessary materials 
and create your Lunar Thermos.

2. Using a graduated cylinder, 
collect 100 mL of warm tap 
water and pour it into your 
insulated plastic cup.

3. Use a stopwatch to measure 
30 seconds.  Record the 
temperature of the water.  
Repeat until you reach 5 
minutes total.
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Lunar Thermos Data Table

Time

(Min:sec)

Water Temperature

(oC)

0:00

0:30

1:00

1:30

2:00

2:30

3:00

3:30

4:00

4:30

5:00
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OBJECTIVE
To demonstrate an understanding 
of the Engineering Design Process while 
utilizing each stage to successfully 
complete a team challenge.

PROCESS SKILLS
Experimental design, measuring 
and data analysis

MATERIALS
Thermometers

Stopwatches

Cardboard box 
(no smaller than 40cm wide)

Aluminum pie pans

Aluminum foil

Black construction paper

Plexiglass or plastic wrap big enough 
to cover the box  

Sunshine, OR gooseneck lamp with 
100 W bulb

S’mores fixin’s (graham crackers, 
marshmallows and chocolate)

Oven mitts or tongs

STUDENT PAGES
Design Challenge

Ask, Imagine and Plan

Experiment and Record

PRE-ACTIVITY SETUP
It is recommended to take a few minutes 
at the start of the session to discuss 
safe handling procedures of the food 
and of their solar ovens when exposed 
to the sun: (1) Remind students the 
importance of hand washing before 
handling food; and (2) Ovens will get 
hot and will require the use of protective 
gear or a tool to manipulate items in and 
out of the ovens.

Build a 
Solar Oven

Please note: This activity may require two 60-90 minute sessions to complete.  

DESIGN
challenge
To design and build a solar 

box cooker, and test it to 

see if it works well enough 

to make S’mores.
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MOTIVATE
Have students watch the video “Living on the Moon“:

http://svs.gsfc.nasa.gov/goto?10515

SET THE STAGE:

 
 

Share the Design Challenge with the students

Remind students to ask questions and brainstorm ideas, then break into teams to create a 
drawing of a solar oven.  All drawings should be approved before building.

Tell students that if they succeed in their design, a tasty treat will be had!

CREATE 
Hand out the materials to the students and challenge them to build their own solar ovens.

EXPERIMENT
Have students follow the directions on 
the Experiment and Record worksheet to 
complete their experiment.

Once the oven is built, students should 
place a S’more and the thermometer in 
the box and cover the top with plastic 
wrap (or plexiglass lid).

Place the box in direct sunlight (students 
may have to tilt the box so that there are 
no shadows inside).  If it is a cloudy day, 
use a gooseneck lamp with the 100 W 
bulb.

Assist students when measuring the 
temperature or removing items from the 
solar oven once exposed to the sun.  
Ensure safety measures are in place.

ASKIMAGINE
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IMPROVE
If there is time, have students inspect their designs and the experiment 
results. Allow teams to rework their design if needed.

CHALLENGE CLOSURE
Engage the students in the following questions:

Whose oven got to the highest temperature?

Whose oven melted the marshmallows and the chocolate?

Does it make a difference to use actual sunlight compared to light 
from a lamp?  Why or why not?

What else could you cook using a solar oven?

END OF PROGRAM
This session concludes the NASA Beginning, Engineering, Science and 
Technology activities.  Students now should have a firm grasp of the 
Engineering Design Process and how it is applied in real applications of 
our quest to travel to the Moon, Mars and beyond. Fill out a certificate 
for each student for completing all the steps to becoming a  NASA BEST 
student (see end of guide).

Build a Solar Oven 
Teacher page

DESIGN
challenge
To design and build a solar 

box cooker, and test it to 

see if it works well enough 

to make S’mores.
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While astronauts might have to bring just about 

everything with them when we establish a habitat 

on the Moon, one thing they won’t need is solar 

energy.  There may be no atmosphere, no climate 

nor weather on the Moon, but that DOES make it an 

ideal place to collect solar energy. Much of the Moon 

is exposed to sunlight constantly, except briefly 

during a rare lunar eclipse. If that energy could be 

harnessed, it could power almost everything in the 

lunar habitat…including that most important device 

that helps prepare delicious food – an oven!

Can we cook while 
on the Moon?
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THE CHALLENGE:
Your mission is to design and build a 
solar oven to cook your own S’mores 
with the materials provided.  Your design 
constraints are: 

1. The oven must have a “footprint” of no more than 
40 cm x 40 cm.

2. In 5 minutes, the temperature inside the box 
must increase by 5oC.

SAFETY NOTE:   Contents of solar oven can get very 
hot.  Seek assistance from your teacher and use oven 
mitts, other protective gear or tools (i.e. tongs) when 
manipulating anything inside of your oven!

Build a Solar Oven 
Student page

DESIGN
challenge
To design and build a solar 

box cooker, and test it to 

see if it works well enough 

to make S’mores.
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ASK
IMAGINE
&PLAN
Place a piece of white paper and a piece of black construction paper outside 
in the sun or under a lamp.  Place a thermometer on top of each piece of 
paper.  Let it sit for 5 minutes. 

Which piece of paper had a higher temperature?

Can using aluminum foil help your oven?  How?

 
 
Using the answers above, design and label your solar oven.
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Build a Solar Oven 
Student page

Approved by:
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Experiment & 
Record

1. Using the materials provided, build 
your solar oven based on your design.  
Remember the goal is to capture heat in 
your oven to cook S’mores.  

2.  Place one S’more in the middle of the oven 
(1 graham cracker, 1 piece of chocolate, 
1 marshmallow).  Cover with plastic wrap 
and begin cooking.  

3. Record the temperature every 30 seconds 
for ten and a half minutes.Record the 
temperature change in the table on the 
next page. 
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Solar Oven Data Table

Build a Solar Oven 
Student page

Did your S’more melt?     YES   OR   NO

If the answer is no, discuss with your team how to improve 
your solar oven.  Make the changes on your drawing.

Time

Min:sec

Oven Temperature
oC

0:00

1:00

2:00

3:00

4:00

5:00
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ALIGNMENT TO NATIONAL STANDARDS

SCIENCE K 1 2
Science as Inquiry
���'HYHORS�DELOLWLHV�QHFHVVDU\�WR�GR�VFLHQWL¿F�LQTXLU\� 3 3 3

���'HYHORS�XQGHUVWDQGLQJ�DERXW�VFLHQWL¿F�LQTXLU\� 3 3 3

Science and Technology
   Develop abilities to do technological design. 3 3 3

   Develop understanding about science and technology. 3 3 3

History of Nature and Science
   Develop understanding of science as a human endeavor. 3 3 3

TECHNOLOGY & ENGINEERING 
Creativity and Innovation
   Apply existing knowledge to generate new ideas, products or
   processes.

3 3 3

   Create original works as a means of personal or group expression. 3 3 3

   Use models and simulations to explore complex systems and
   issues.

3 3 3

Research and Information Fluency 
   Locate, organize, analyze, evaluate, synthesize and ethically use
   information from a variety of sources and media.

3 3 3

   Evaluate and select information sources and digital tools based on
���WKH�DSSURSULDWHQHVV�WR�VSHFL¿F�WDVNV�

3 3 3

Critical Thinking, Problem Solving, and Decision Making
���,GHQWLI\�DQG�GH¿QH�DXWKHQWLF�SUREOHPV�DQG�VLJQL¿FDQW�TXHVWLRQV
   for investigation.

3 3 3

Digital Citizenship
   Exhibit a positive attitude toward using technology that supports
   collaboration, learning and productivity.

3 3 3
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MATHEMATICS K 1 2
Numbers and Operations
    Understand numbers, ways of representing numbers,  
    relationships among numbers, and number systems.

9 9

����&RPSXWH�ÀXHQWO\�DQG�PDNH�UHDVRQDEOH�HVWLPDWHV� 9 9

    Count with understanding and recognize “how many” in sets of   
    objects.

9 9 9

    Connect number words and numerals to the quantities they     
    represent, using various physical models and representations.

9 9 9

Measurement
   Understand measureable attributes of objects and the units, 
   systems, and processes of measurement.

9 9 9

   Apply appropriate techniques, tools, and formulas to determine 
   measurements.

9 9 9

Data Analysis and Probability
   Formulate questions that can be addressed with data and collect, 
   organize, and display relevant data to answer them.

3

   Develop and evaluate inferences and predictions that are based 
   on data.

3

Problem Solving
   Build new mathematical knowledge through problem solving. 9 9

   Solve problems that arise in mathematical and in other contexts. 9 9

   Apply and adapt a variety of appropriate strategies to solve
   problems.

9 9

Communication
   Communicate mathematical thinking coherently and clearly to 
   peers, teachers and others.

9 9 9

   Analyze and evaluate the mathematical thinking and strategies of 
   others.

9 9 9

   Use the language of mathematics to express mathematical ideas 
   precisely.

9 9 9

Connections
   Recognize and apply mathematics in contexts outside of 
   mathematics.

9 9 9
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ORIGINAL SOURCES  
Launch Your Satellite adapted from Rockets Educator Guide:

www.nasa.gov/pdf/58269main_Rockets.Guide.pdf

Prepare for a Mission adapted from Principles of Remote Exploration at:

learners.gsfc.nasa.gov/PREP/

Design the new Crew Exploration Vehicle! adapted from NASA’s KSNN™ 21st Century Explorer 
newsbreak “What will replace the space shuttle?”  at:

education.jsc.nasa.gov/explorers/pdf/p5_educator.pdf

Build a Solar Oven was adapted from Lunar Nautics, but is also a very popular activity found in many 
science textbooks: 

www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Lunar_Nautics_Designing_a_Mission.html
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RECOMMENDED BOOKS AND VIDEOS
Need a little background information about the Moon, NASA History or earlier space exploration 
missions?  Below is a suggested library list to help prepare you to provide answers to your students, 
or material to share with or recommend to your students to explore further. We thank our friends at St. 
Michael School in Hudson, MA for compiling this comprehensive list.

Adamson, Thomas K. First Moon Landing. Mankato, Minn: Capstone, 2007. Print. The story of the 
¿UVW�ODQGLQJ�RI�PHQ�RQ�WKH�0RRQ�LQ�-XO\�RI�������3LFWXUH�ERRN�

Aguilar, David A. 11 Planets: A New View of the Solar System. Washington DC: National Geographic, 
2008. Print. Provides an introduction to the planets of the solar system, including the two new 
dwarf planets, Ceres and Eris.

Aldrin, Buzz. Reaching for the Moon. New York: Harper Collins, 2005. Print. $Q�$SROOR����DVWURQDXW�
takes readers on his journey that began in his childhood and led him to achieve his dream of 
walking on the Moon, bringing to life an unparalleled moment in history for a new generation and 
showing how everyone can strive to achieve their dreams.

AstroPuppies in Space. Dir. Tim Tully. 2009. Universe Productions, 2009. DVD. Dramatic NASA 
videos and stunning photos from the Hubble Space Telescope are blended with puppetry and 
instructive animations, songs, and poems. This is an entertaining and educational introduction 
to astronomy and space exploration for young children. (Amazon)

Bell, Jim. Mars 3-D: A Rover’s-Eye View of the Red Planet. New York: Sterling, 2009. Print. Presents 
the harsh landscape of the Red Planet through 3-D and color images from the robotic explorers 
Spirit and Opportunity; provides a close-up look at the Martian rocks, craters, valleys, and other 
JHRORJLF�FRQ¿JXUDWLRQV� 

Bennett, Jeffrey. Max Goes to Mars: A Science Adventure With Max the Dog. Boulder, Colorado: Big 
Kid Science, 2006. Print. :KHQ�0D[�WKH�GRJ�EHFRPHV�WKH�¿UVW�FDQLQH�WR�HPEDUN�RQ�D�PLVVLRQ�WR�
Mars, he makes one of the most important discoveries of all time, in a book that includes facts 
about Mars. 

Bennett, Jeffrey. Max Goes to the Moon: A Science Adventure With Max the Dog. Boulder, Colorado: 
Big Kid Science, 2003. Print. 7DNLQJ�WKH�¿UVW�WULS�WR�WKH�0RRQ�VLQFH�WKH�$SROOR�PLVVLRQV��0D[�WKH�
GRJ�DQG�KLV�IULHQG�7RUL�KHOS�VHW�XS�WKH�¿UVW�FRORQ\�RQ�WKH�0RRQ�

Bunting, Eve. My Robot. Orlando, FL: Harcourt, 2006. Print. Cecil the robot is good at playing tag, 
leading the school band, and performing tricks with the dog, but there is one important thing he 
does best of all.

Chaikin, Andrew. Voices from the Moon: Apollo Astronauts Describe Their Lunar Experiences. 
New York: Viking, 2009. Print. Provides recollections from Apollo astronauts and a collection of 
photographs that document the history of the Apollo space program.

Chaikin, Andrew, Victoria Kohl, and Alan Bean. Mission Control, This Is Apollo: The Story of the First 
Voyages to the Moon. New York: Penguin Group, 2009. Print. Discusses the historic moment 
LQ������ZKHQ�$SROOR����ODQGHG�RQ�WKH�0RRQ��WKH�PDMRU�HYHQWV�WKDW�OHG�XS�WR�WKLV�PLVVLRQ��DQG�
the advancements that have been made in space exploration from the Mercury missions to the 
present day.
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Cobb, Vicki. I Fall Down. New York: Harper Collins, 2004. Print. Hands-on experimentation and fun 
facts provide beginning readers with a simple introduction to the concept of gravity in terms of 
how it works, why it works, and its importance in our everyday lives.

Crelin, Bob. Faces of the Moon. Watertown, MA: Charlesbridge, 2009. Print. Describes the Moon’s 
phases as it orbits the Earth every 29 days using rhyming text and cut-outs that illustrate each 
phase.

Dahl, Michael. On the Launch Pad : A Counting Book About Rockets. Minneapolis, Minn.: Picture 
Window Books, 2004. Print. A countdown from twelve to one as a space shuttle awaits liftoff.

Dean, James, et al. NASA/Art: 50 Years of Exploration. New York: Abrams: In association with NASA 
and the Smithsonian Institution, 2008. Print. 5DQJLQJ�IURP�WKH�HVWDEOLVKPHQW�RI�1$6$�LQ������WR�
the present day, the history of space exploration is chronicled through the work of some of the 
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