
“The Martian: STEM on Mars and Beyond”

n PROGRAM OVERVIEW 
Ever wanted to take your students 

on an exciting journey? What if you could 
take that journey from the comfort of 
the classroom or out-of-school learning 
environment? Welcome to Mission 
to Mars! Earth supplies humans with 
everything we need to live. But what 
about when humans leave Earth? 
As humans travel deeper into space, 
how will humans adapt to their new 
environments - like Mars? What will 
humans need or pack for such a journey?

NASA is studying places like Mars 
and is in the planning stages as to where 
next to send astronauts. What will be the 
special tools they will need as 
they travel to other planets? 
How are these new places 
different from Earth and what 
must humans do to live there? 
What types of habitats will 
they live in? What will be the 
transportation they will use 
to get around on a far-away 
planet? What special tools will 
help them survive and thrive in 
these new places?

This project challenges 
students to think about the 
necessities of living on the Red 
Planet. 

For further information contact…

Lockett & Rigel
Bok Academy
13901 US 27 

Lake Wales, Florida 33859
863-638-1010

David.Lockett@LWCharterSchools.com
Paul.Rigel@LWCharterSchools.com

2019 - 2020 IDEA CATALOG OF EXCELLENCE

Some of the tasks will involve 
projects to create, invent, or innovate 
items that will be needed for the first 
humans to live and work on a planet 
that is about 50 million miles from Earth!

Over the course of mult i -unit 
lessons, you and your students will 
learn about and plan a mission to 
Mars. Students will apply their creativity 
and science and math knowledge to 
explore the Red Planet. Not a scientist 
or engineer? That’s okay! You’re going 
to learn everything you need to know 
while preparing for and conducting these 
lessons. And you actually already have 
some engineering skills, whether you 
know it or not.

This project builds on classroom 
learning, engaging students’ enthusiasm 
and inventiveness in conjunction with 
NASA-approved lesson plans. This 
memorable experience may inspire a 
future space explorer! Given the national 
priority to increase student participation 
in STEM subjects, your participation 
is more crucial than ever. Ready, set, 
let’s go!

n OVERALL VALUE 
Students wil l  apply scienti f ic 

concepts, math skills, critical thinking, 
research, and engineering design 
to plan a long term habitat on Mars. 
This creative and in-depth project 

is a great activity for your 
classroom instruction. Sharing 
ideas inspire new learning 
opportunities to persevere 
and unique experiences is 
ideal.  Teachers can adapt this 
program by offering different 
planets and different design 
challenges.  Students receive 
design criteria for a rover and 
conduct basic research on 
Mars to determine operational 
objectives and the structural 
features of their rover. 

David Lockett Paul Rigel
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This program can be used as part 
of a class studying general science, 
earth science, solar system astronomy, 
robotics, or as a multi-disciplinary unit 
for a gifted program.

n LESSON PLAN TITLES
• Mission Mars
• Plants and Gravity
• The Lunar Rover Challenge

 n MATERIALS 
See individual lesson plans.

n ABOUT THE DEVELOPERS
David Lockett is the STEM/IT/

robotics teacher at Edward W. Bok 
Academy in Lake Wales, Florida. He 
is driven by technology, especially 
aerospace, astronomy, and robotics. 
He was part of the winning team in 
the NASA Space Apps Challenge and 
is currently helping design an app for 
NASA. David believes that fostering 
students’ confidence in becoming 
independent learners is paramount, and 
he enjoys fostering this confidence daily 
through the many programs offered by 
NASA as well as by teaching coding and 
programming skills.

Paul Rigel is the Ag teacher at 
Edward W. Bok Academy in Lake 
Wales, Florida. He is also an active 
FFA member. Paul is proud of his 
students’ accomplishments and very 
much appreciates working with a 
supportive community. By offering them 
many opportunities in and out of the 
classroom, it peak their interests. 
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n SUBJECTS COVERED
Language Arts, Technology, Science

n GRADES
6-8 grades

n OBJECTIVES 
Students will co-create a mock 

Wikipedia page called Mission: Mars 
describing how the U.S. plans to send 
the first crew to Mars by the year 
2035. (The goal is to help them extract 
meaning from the book and understand 
key technologies that make travel to 
Mars by humans possible. Working in 
three groups to break this large topic 
in thirds, the students will write and 
illustrate Wiki contributions that are then 
integrated into a single Wiki entry.)

n STANDARDS 
 FSS / NGSSS
ELA-Literacy.RI.6.1
 Cite textual evidence to support 

analysis of what the text says 
explicitly as well as inferences 
drawn from the text.

 ELA-Literacy.RI.6.3
 Analyze in detail how a key individual, 

event, or idea is introduced, 
illustrated, and elaborated in a 
text (e.g., through examples or 
anecdotes).

ELA-Literacy.RI.6.4
 Determine the meaning of words and 

phrases as they are used in a text, 
including figurative, connotative, 
and technical meanings.

ELA-Literacy.RI.6.7
 Integrate information presented in 

different media or formats (e.g., 
visually, quantitatively) as well as 
in words to develop a coherent 
understanding of a topic or issue.

ELA-Literacy.RST.6-8.1
 Cite specific evidence to support 

analysis of science and technical 
texts.

ELA-Literacy.RST.6-8.6
Analyze the author’s purpose in  

providing an explanation, describing 
a procedure, or discussing an 
experiment in a text.

ELA-Literacy.RST.6-8.8
 Distinguish among facts, reasoned 

judgment based on research 
findings, and speculation in a text.

n MATERIALS
• Classroom copies of the book, 

Mission: Mars by Pascal Lee
• Misson: Mars student sheet - 

http://sciencenetlinks.com/student-
teacher-sheets/mission-mars-
student-sheet_1/

• Writing supplies of pens, pencils, 
colored markers, paper, tape

• Optional: long roll of butcher paper 
or string of clothesline and pins for 
displaying students’ customized 
boot treads

• NASA video - Curiosity Rover 
Report: Rover Walkabout

n VOCABULARY
• Astronomy
• Space
• Science
• Careers

“The Martian: STEM on Mars & Beyond” David Lockett & Paul Rigel

Lesson Plan No No 1: Mission Mars
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n DIRECTIONS 
Students will work is small groups.  

Students will be assigned jobs/tasks in 
their group. 

To get students’ attention on the 
topic of technology used in exploring 
Mars, they should use their Mission: 
Mars student sheet to go to and watch 
this two-minute long NASA video, 
called Curiosity Rover Report: Rover 
Walkabout, with live footage from 
exploration by the Mars rover, Curiosity, 
narrated by an engaging young geologist 
and space scientist with magenta blaze 
in her hair, Eileen. 
Ask students these questions from their 
Mission: Mars student sheet: 
 Name three of  Cur iosi ty ’s 

instruments and describe how 
technology helps produce 
information about the Martian 
landscape.
(Curiosity has 1. cameras on her 

mast that function as eyes to scan the 
landscape and pick a site to investigate 
as well as 2. the APXS [alpha particle 
x-ray spectrometer] and 3. the Mahli 
Mars Hand Lens Imager that both help 
scientists get data to determine if the 
site is a good place for taking a sample 
to examine in the onboard laboratory.)
 Why is the Martian geologic 

feature  ca l led Pink C l i f f s 
interesting for scientists to 
investigate?
(Because it is rock with a crystal 

structure of blade-shaped crystals that 
suggest the presence of water helped 
the crystals form. Knowing if Mars once 
had water is important for assessing 
its suitability for sustaining human life 
because humans need water to live.)

Then, to get students primed about 
the specific topic of Mars and this 
book, they should visit The Scholastic 
Mission: Mars website. It has a video of 
Pascal Lee, the book’s author, in which 
he discusses his work and the book. 
This will help students bond with the 
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Lesson Plan No No 1: Mission Mars (cont.)
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narrator and get in the spirit of the book 
to motivate them to learn more about 
the topic.  
Ask students these questions:
 Why is Mars interesting to study? 
 (Because there might be life there 

and that is a major scientific 
question: Does life only exist on 
Earth?)

 Why does an astronaut talk about 
ping pong? 

 Do they play it in space?
(In this case, ping pong is not a 

game! It is Astronaut Pascal Lee’s dog, 
and he used his dog’s ability to obey 
commands to show us how his book 
and this class unit on Mars can help us 
understand the importance of science 
and technology in space exploration. He 
doesn’t mention the game ping pong, 
but the weightlessness of space would 
make the game as we know it on earth 
very different!)

Students also could visit Pascal 
Lee’s own site, The Making of Mission: 
Mars, which accompanies his book. 
They should answer these questions on 
their student sheet:
 From the left menu bar, select 

the Drawing and Paintings page 
and go there. What kind of things 
does Pascal Lee draw, and why? 
(He likes to draw about Mars, flight, 

polar and space exploration, prehistory, 
and disasters. If you go look at some of 
his drawings, you can see his fascination 
with spaceships.)
 Now click on Paintings in the 

left menu bar: Compare the 
Mars Dust Storm painting with 
the Human Exploration of the 
Martian Moon Deimos. What do 
they have in common in terms of 
what he chose to paint? 
(Both show the planet Mars 

environment—and technology! This 
suggests how important technology is 
to him in his quest to understand Mars.)

n ACCOMMODATIONS
Teacher will assess peer tutoring in 

the group environment. The teacher can 
provide students with written copies of 
vocabulary. Students can be partnered 
up to complete the activity. 

n EVALUATION/
ASSESSMENT 
Assess students’ learning of the 

main benchmark ideas on science and 
technology through this lesson with a 
summative assessment exercise that 
utilizes a print out of the Boot Print 
student sheet. It shows the bottom of 
an astronaut’s boot—and serves as a 
coloring-book template on which each 
student can invent his and her own 
“boot signature” as described in the 
book, and just as real Mars astronauts 
do with a custom-design on the treads 
of the boot soles that identify them. This 
way historians know for sure whose 
footprints were first to be walking on 
Mars in the deep red dust of Martian 
soils.

On the Boot Print student sheet 
students should do two things:

1. FRONT: Design a customized 
boot sole and environment to 
overcome plus one key feature 
for living on Mars in a spaceship 
plus one quote from the book 
they would like to 
share with friends 
and family. And if 
you made an online 
Wiki, be sure to 
include the URL of 
your class Wiki. 

Read these aloud 
as a c lass, and have 
students suggest means 
for improving and revising 
them — and identify points 
missing from the class 
Wiki that would improve it. 
Revise it as needed.

When f inished with the Boot 
Prints, get creative with your options 
for displaying the class’s collection of 
custom-designed boot bottoms. Hang 
them across the room from a clothesline, 
or post them on hall walls to engage 
other students’ curiosity by having the 
foot prints lead to your room for Mars 
Day, where you show and tell what your 
students know about technology’s role in 
making travel to Mars by 2035 possible. 
Or make a bulletin board montage.

n ADDL INFORMATION 
Resourc e  Cred i t  to:  h t t p: / /

sciencenetlinks.com/  

H H H 
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Lesson Plan No 2: Plants and Gravity

n SUBJECTS COVERED
Math, Literacy, Science

n GRADES
6-8 grades

n OBJECTIVES
Students will… 

… learn that plants are able to respond 
even though they lack a nervous 
system and instead depend on 
a chemical coordination for their 
responses.

… learn that plant responses involve 
plant growth and growth changes.  
Growth regulation in plants is 
affected by internal and external 
factors such as light, day lengths, 
gravity, temperature and chemicals. 

… learn that a tropism is a change in 
the direction of growth in a plant 
in response to a change in the 
external/environmental stimulus.

… evaluate what phototropism and 
geotropism is through investigation 
and learn what thigmotropism, 
hydrotropism and chemotropism are.

n STANDARDS 
 FSS / NGSSS
SC.3.L.14.In.2: 
 Identify behaviors of plants that 

show they are growing. 
SC.3.L.14.Su.2: 
 Recognize that plants grow toward 

light and roots grow down in the soil. 
SC.3.L.14.Pa.2: 
 Recognize that plants grow.

n MATERIALS
• Martian soil
• Pots
• Grow lights 
• Pea plants or other seeds 

n VOCABULARY
• Regulation of growth
• External growth factors
• Tropism
• Phototropism
• Geotropism
• Thigmotropism
• Hydrotropism Chemotropism

n DIRECTIONS 
Begin with a discussion with how 

seeds were impor tant throughout 
history.
1. Introduce vocabulary.  Students 

should write words, definition and 
descriptive picture in their science 
notebook. 

2. Provide each student with materials 
to begin growing seeds. 

3. Each student will be asked to 
hypothesize or predict what will 
happen to the seed.

4. Ask: What needs to be the same 
in everyone’s cup? What could we 
change for the cup to see if the plant 
will still grow the same way? Have 
partners share their responses. 

5. Discuss the terms control and 
variables; chart them with a working 
definition for your class.

6. Model how to set up a data chart. 
7. Before they start students should 

decide on all of the controls and 
have them listed. 

8. They should observe and record 
observations with drawings and 
words over at least 5 days or 
until the seeds have sprouted. 
Have students create inferences 
or conclusions based on their 
observations. Students should 
discuss their findings with their 
partner of group and refine as 
needed. 
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9. Why is it important to keep accurate 
records during an investigation and 
when designing models? Possible 
answers include:
o So other scientists can replicate 

the experiment or the design 
model.

o You can keep track of the 
changes you are making to your 
experiment or design. This way 
you have documentation of what 
works and what does not work.

10. What causes roots grow towards 
Mar’s center? Possible answers 
include:
o Gravity

11. Why do scientists and engineers use 
models? Possible answers include:
o Models allow scientists and 

engineers to show what a design 
will look like when built full size.

o Models allow scientists and 
engineers to represent ideas that 
cannot be explained directly.

n ACCOMMODATIONS
Teacher will assess peer tutoring in 

the group environment. The teacher can 
provide students with written copies of 
vocabulary. Students can be partnered 
up to complete the activity.

n EVALUATION/
ASSESSMENT 
Teacher observation

n ADDL INFORMATION 
Resourc e  Cred i t  to:  h t t p: / /

sciencenetlinks.com/

H H H  
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Lesson Plan No 3: The Lunar Rover Challenge

n SUBJECTS COVERED
Math

n GRADES
6-8 grades

n OBJECTIVES
Students will… 

… analyze motion of an object and 
apply the distance/rate formula 
(d=rt)

… calculate speed using the formula 
(S=d/t)

… diagram the velocity using a vector 
diagram

… analyze data to find a solution
… design and build a model lunar 

rover and calculate its distance, 
rate, and time

n STANDARDS 
 FSS / NGSSS
SC.4.E.5.5 
 Investigate and report the effects of 

space research and exploration on 
the economy and culture of Florida.

SC.5.E.5.2 
 Recognize the major common 

characteristics of all planets and 
compare/contrast the properties of 
inner and outer planets.

MAFS.K12.MP.2.1 - 
 Reason abstractly and quantitatively.

n VOCABULARY
• Distance
• Formulas
• Engineering Design Challenge
• Velocity

n MATERIALS
• Calculator
• Graph paper
• Lego Rovers 
• Meter stick
• Lunar Rover Challenge Student 

Worksheet 
• SmartBoard or Computers/Tablets
• https://en.wikipedia.org/wiki/Lunar_

Roving_Vehicle

n DIRECTIONS 
Instruct students that NASA is 

interested in their input for the design 
of a Lunar Rover Vehicle (LRV). Present 
some images and information about 
NASA’s Lunar Rover, and ask students 
what they notice about the vehicles.  
Information can be accessed through 
Wikipedia’s Lunar Roving Vehicle.
1. Explain to the students the history 

of the lunar rover and its purpose. 
Explain that the LRV was caused 
by NASA to explore the moon and 
gather information. This type of 
exploration was launched in 1971 
during the Apollo 15 space mission 
(show photo).
o Photo links: Moon Buggy and 

Lunar Rover Diagram
2. Pose the question “why does it 

matter what is on the moon?” 
Pause and allow student 
responses. Explain that 
the lunar rover missions 
allowed us to explore the 
origins of the earth. These 
missions led to furthering 
our knowledge of space 
exploration beyond the 
moon and solar system. 
Many of our technologies 
developed dur ing the 
moon missions led to other 
innovations, which can be 
explored on Wikipedia’s 
Spin Off Technologies. 
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3. Distribute the Lunar Rover Challenge 
student worksheet. Display the 
following:
o The first Lunar Rover Vehicle 

(LRV) landed on the moon in 
1971. The LRV could only travel 
at a distance of 40 miles at a 
maximum rate of 8 miles per 
hour. Calculate the time it would 
take for the LRV to travel 40 
miles in one direction. (It would 
take over 5 hours to travel 40 
miles.)

o Ask students to record the word 
problem, set up the problem, and 
calculate the solution. Students 
will record this information in 
their math journal. Circulate 
around the room to make sure 
students are on target and to 
assess if assistance is needed.

2. Set up the problem and work the 
problem with student support and 
input. Evidence of the problem 
is located in the attachments of 
this lesson. Pause for any student 
inquiries before proceeding.

3. Place another word problem on the 
board. Have students record the 
problem and solution in their math 
journal. This time the students will 
work with a partner to complete the 
problem.
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Lesson Plan No 3: The Lunar Rover Challenge (cont.)
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o The next model of the Lunar Rover 
was built to allow astronauts 
to travel greater distances and 
collect more scientific data. This 
new model will allow the LRV2 to 
travel up to 125 miles. If the LRV2 
traveled 75 miles in 9 hours, what 
is the average rate (speed) of the 
vehicle? (8.3 mph)

o Allow time for students to set up 
and work the problem and record 
the solution in their math journal. 
The teacher will circulate around 
the classroom to monitor student 
progress and offer assistance. 
Once the students have arrived 
at the solution, randomly call on 
students to present the steps to 
solving this problem.

o At this point, the teacher has 
made an informal assessment 
of the students’ ability to recall 
using the distance formula and 
speed, as well as proper set-up 
of the problem.

o Ask students to describe the 
velocity of the example on a 
graph. Give time for students to 
sketch out the examples. Allow 
students to present their findings 
on the document camera.

o The teacher will transition into the 
Lunar Rover Challenge activity.

4. State lesson object ives and 
explain to the students that they 
will be designing a lunar rover 
and collecting data on 
the rover’s distance, 
rate, and time. The 
goal is to construct a 
vehicle that will go the 
greatest distance in 
the least amount time 
on a rugged surface.

5. Students follow the 
engineering design 
process to create a 
lunar rover that meets 
specs. 

n ACCOMMODATIONS
Students will work is small groups. Students will be assigned jobs/tasks in their 

group. Assess peer tutoring in the group environment. This will help when students 
are completing the math practice problems in order to check to make sure they are 
mastering the content. The teacher can provide students with written copies of the 
practice problems.

n EVALUATION/ASSESSMENT 
Students will write a reflection that includes:

1. How did the design affect the motion of their rover?
2. What features of the rover would facilitate travel on moon terrain?
3. How would a change in terrain affect the direction and speed of motion?
4. How are vectors used to illustrate magnitude and direction?
5. How would the word problems you wrote help apply the design process to a 

real world example?
Optional: Students can write word problems and trade them with others to solve. 

n ADDL INFORMATION 
Lunar Roving Vehicle link – 

https://en.wikipedia.org/wiki/Lunar_Roving_Vehicle
Moon Buggy Photo

https://upload.wikimedia.org/wikipedia/commons/thumb/0/0d/Moon_Buggy_
Ap16-KSC-71PC-777.jpg/1920px-Moon_Buggy_Ap16-KSC-71PC-777.jpg

Lunar Rover Design Photo -
https://upload.wikimedia.org/wikipedia/commons/3/37/Lunar_Rover_diagram.png

Spin Off Technologies link – 
https://en.wikipedia.org/wiki/NASA_spinoff_technologies

Resource Credit to: http://sciencenetlinks.com/
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Materials Budget
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 Teacher ________________________________________

School __________________________________________  

_____________________________________________
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_____________________________________________

Subtotal

Tax if applicable

Shipping if applicable

TOTAL
BUDGET
AMOUNT
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Lesson Plans Materials Budget
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Chefman Food Dehydrator $99.00 1 99.00
MMS  Martian Soil 70.00 1 70.00
Foodssaver Vacuum Sealer 99.00 1 99.00
Amazon Lego NASA Apollo / Saturn 99.00 1 99.00 
 

David Lockett & Paul Rigel
Bok Academy

367.00

30.00

$397.00
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Student Name _______________________________________________________________

Program	  Rubric	  

	  

Title:	  The	  Martian	  
	  

 Expert  Proficient  Intermediate  Novice  

Thinking 
Reflection 

Design	  clearly	  marks	  
key	  features	  of	  the	  
prototype	  critical	  to	  
the	  function	  and	  

meets	  the	  needs	  of	  
the	  problem.	  

Description	  fully	  
discusses	  all	  

components	  of	  the	  
prototypes	  and	  how	  
they	  address	  the	  

needs	  of	  the	  problem.	  

Design	  clearly	  marks	  
key	  features	  of	  the	  
prototype	  critical	  to	  
the	  function	  and	  
meets	  most	  of	  the	  

needs	  of	  the	  problem.	  
Description	  discusses	  
components	  of	  the	  
prototypes	  and	  how	  
they	  address	  the	  

needs	  of	  the	  problem.	  

Design	  marks	  a	  couple	  
key	  features	  of	  the	  
prototype	  critical	  to	  

the	  function	  and	  meets	  
a	  couple	  of	  the	  needs	  

of	  the	  problem.	  
Description	  discusses	  
components	  of	  the	  

prototypes.	  

Design	  marks	  a	  
key	  feature	  or	  
two.	  Description	  
and	  design	  reflect	  
only	  the	  personal	  
interests	  of	  the	  

group.	  

Challenge 
Points 

Scored	  50	  points	   Scored	  36-‐49	  points	   Scored	  21-‐35	  points	   Scored	  Below	  0	  -‐	  
20	  

Challenge 
Completion 

Reflection	  fully	  
acknowledges	  the	  

need	  to	  fail	  and	  make	  
multiple	  iterations,	  yet	  

is	  still	  forward	  
thinking	  to	  the	  next	  
steps	  of	  the	  design.	  

Reflection	  fully	  
acknowledges	  the	  

need	  to	  fail	  and	  make	  
iterations,	  yet	  is	  still	  
forward	  thinking	  to	  
the	  next	  steps	  of	  the	  

design.	  

Reflection	  fully	  
acknowledges	  the	  

need	  to	  fail	  and	  make	  
iterations	  and	  there	  
are	  next	  steps	  but	  

these	  are	  undefined.	  

Reflection	  
discusses	  the	  
success	  of	  the	  
first	  or	  second	  
prototype	  and	  
points	  to	  this	  as	  
the	  final	  product.	  

Designing 
Reflection 

Reflection	  fully	  
acknowledges	  the	  
obstacles	  during	  the	  
process	  and	  provides	  
concrete	  examples	  of	  
learning	  as	  a	  result	  of	  

these	  obstacles.	  

Reflection	  
acknowledges	  the	  
obstacles	  in	  the	  

process	  and	  provides	  
a	  concrete	  example	  of	  
learning	  as	  a	  result	  of	  

these	  obstacles.	  

Reflection	  
acknowledges	  the	  
obstacles	  in	  the	  

process	  and	  makes	  an	  
unspecified	  claim	  
about	  learning	  as	  a	  

result	  of	  these	  
obstacles.	  

Reflection	  
discusses	  the	  

success	  without	  
mention	  of	  
obstacles	  or	  
learning	  

opportunities.	  
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2019 - 2020 IDEA CATALOG OF EXCELLENCE

  www.nasa.gov Lunar Rover   1/12 

 National Aeronautics and Space Administration 

    Algebra I
    and Geometry 

Lunar Rover Grade Level
8-12

Subject Area  
Mathematics: Algebra I, 
Geometry

Key Concept 
Pythagorean Theorem, 
distance/rate formula  
(d = rt)

Teacher Prep Time 
5-10 minutes 

Problem Duration
45-60 minutes 

Technology 
TI-83 Plus family; TI-84 
Plus family; TI Explorer; 
other scientific calculator, 
spreadsheet software 

Materials
- Student Edition 
- Ruler or straight edge 
- Graph paper 
- Colored pencils 

Degree of Difficulty 
Moderate to Difficult

Skill
Calculator use; solving 
problems in a geometric 
context; creating data 
tables; applying formulas 

-------------------------------- 
NCTM Principles and 
Standards
- Algebra 
- Geometry 
- Problem Solving 
- Communication 
- Representation 

Instructional Objectives 
Students will 

• create a scale drawing to model a real life problem; 
• apply the Pythagorean Theorem and distance/rate formula (d = rt);

and
• analyze data to find a solution. 

Prerequisites
Prior to this activity, students should have experience applying formulas. 
Students should be familiar with using calculators and evaluating 
formulas, as well as have a basic knowledge of scale factor and 
application of the Pythagorean Theorem. 

Background 
This problem is part of a series that applies mathematical principles to 
the U.S. Space Exploration Policy. 

Exploration provides the foundation of our knowledge, technology, 
resources, and inspiration. It seeks answers to fundamental questions 
about our existence, responds to recent discoveries and puts in place 
revolutionary techniques and capabilities to inspire our nation, the world, 
and the next generation. Through NASA, we touch the unknown, we learn 
and we understand. As we take our first steps toward sustaining a human 
presence in the solar system, we can look forward to far-off visions of the 
past becoming realities of the future. 

The vision for space exploration includes returning the space shuttle 
safely to flight, completing the International Space Station, developing a 
new exploration vehicle and all the systems needed for embarking on 
extended missions to the Moon, Mars, and beyond. 

In 1971 the Apollo 15 mission was the first to carry a lunar roving vehicle 
(LRV). This LRV (Figure 1) allowed astronauts to travel farther from their 
landing sites than in previous missions. This enabled them to explore and 
sample a much wider variety of lunar materials. 

Because the vehicle was unpressurized, its longest single trip was 12.5 
kilometers (7.8 miles). Its maximum range from the Lunar Module (LM) 
was 5.0 kilometers (3.1 miles). LRVs were also on Apollo 16 (1972) and  
Apollo 17(1972). 

If the LRV should happen to fail at any time during the extravehicular 
activity (EVA), the astronauts must have sufficient life support 
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consumables to be able to walk back to the LM. This distance is called the “walkback limit”, and it was 
approximately 10 kilometers (about 6 miles). Because of the reliability of the LRV and of the spacesuits, 
this restriction was relaxed on Apollo 17 for the longest traverse from the landing site, about 20 km 
(about 12 miles).

Figure 1: Apollo 15 Lunar Roving Vehicle taken on the Moon (NASA) 

When NASA returns to the Moon, it will once again take LRVs to extend the distance astronauts may 
travel over the Moon’s surface. Modern unpressurized rovers (Figure 2) will look similar to those of the 
Apollo years and steer like a car. These vehicles will be limited to local travels of 10 to 20 kilometers 
(about 6 to12 miles) from the outpost site during short periods of time that are less than 10 hours. 
Astronauts will still need to wear space suits while traveling in these unpressurized LRVs. 

Figure 2: Unpressurized Rovers (NASA concept) 

A second type of LRV will be pressurized and will have about 200 km as its starting point. Pressurized 
rovers (Figure 3) will give astronauts the ability to travel long distances and perform extended science 
missions away from their habitat. These pressurized surface vehicles will provide a comfortable indoor 
environment from which the crew can drive the rover and control a variety of sensing and manipulation 
tools. This allows exploration and science to be performed without the need to exit the vehicle. Vehicle 
concepts also include docking ports for the crew to directly enter the rovers from habitats and an airlock 
to allow EVA. The versatility of the vehicle, its power system, and its life support system will allow the 
astronauts to spend multiple Earth days away from their habitat performing work. 
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Figure 3: Pressurized Rovers (Artist concepts) 

For more information about lunar roving vehicles and the U.S. Space Exploration Policy, visit 
www.nasa.gov.

NCTM Principles and Standards 

Algebra
• Generalize patterns using explicitly defined and recursively defined functions. 
• Use symbolic Algebra to represent and explain mathematical relationships. 
• Judge the meaning, utility, and reasonableness of the results of symbol manipulations, 

including those carried out by technology. 
• Draw reasonable conclusions about a situation being modeled. 

Geometry
• Investigate conjectures and solve problems involving two- and three-dimensional objects 

represented with Cartesian coordinates. 
• Use geometric models to gain insights into, and answer questions in, other areas of 

mathematics. 

Problem Solving
• Solve problems that arise in mathematics and in other contexts. 
• Apply and adapt a variety of appropriate strategies to solve problems. 

Communication
• Communicate their mathematical thinking coherently and clearly to peers, teachers, and 

others.

Representation 
• Create and use representations to organize, record, and communicate mathematical 

ideas.
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Problem
You are on the mission planning team that will determine the best route for the crew to use on the first 
trip using the new pressurized LRV (Rover 1). This exploration mission will include gathering rock 
samples from around the Moon’s deGerlache crater.

Rover 1 is at habitat A on the map near Shackleton crater. Its mission for the day is to drive to the rim 
of deGerlache crater to collect rock samples. Rocks can be collected at any point along the edge of the 
crater (along segment PQ  on the map). Before Rover 1 and the crew return to the habitat they must 
also stop at location B on the map in order to reset a seismic sensor that has been gathering data 
about the interior of the Moon. All distances are denoted on the problem diagram.  

1. Minimal Path Problem: the students must find the shortest total path for the pressurized Rover 1 
to travel for this exploration. 

2. Minimal Time Problem: the students must find the best location for Point C, so that the total travel 
time for the distance AC + CB is minimized, 

3. Find the minimum using a graphing calculator. 

Lesson Development 
This activity focuses on the concept of minimizing distance and time. Students will use formulas to 
calculate the total distance and the total time for a particular task. They will then use the data and 
problem solving skills to determine the minimal distance and time required.  

Students will work in groups of three or four to make a scale drawing of the mission. Students will 
choose several locations along the crater at which to stop. Based on this scale drawing, students will 
find the distances between the locations using the Pythagorean Theorem. They will make a table to 
capture their data. Encourage each member of the group to choose different locations and then to 
combine their data. Students will then analyze their data to solve the minimal path and minimal time 
problems.

Wrap-Up
Once students are satisfied that they have solved the problem, have groups share their solutions with 
each other. They should note any differences in their solutions and discuss the possible reasons for 
those differences.  

Extensions 
Students can use spreadsheet software to create tables of their data.   
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Solution Key
You are on the mission planning team that will determine the best route for the crew to use on the first 
trip using the new pressurized LRV (Rover 1). This exploration mission will include gathering rock 
samples from around the Moon’s deGerlache crater. 

Rover 1 is at habitat A on the map near Shackleton crater. Its mission for the day is to drive to the rim 
of deGerlache crater to collect rock samples. Rocks can be collected at any point along the edge of the 
crater (along segment PQ  on the map). Before Rover 1 and the crew return to the habitat they must 
also stop at location B on the map in order to reset a seismic sensor that has been gathering data 
about the interior of the Moon. All distances are denoted on the problem diagram (Figure 4). 

28.50 km 

17 km

19 km 

P A

BQ

90 °

90 °

Figure 4: Problem diagram 

1. Minimal Path Problem 
Your mission planning team must find the shortest total Path for the pressurized Rover 1 to 
travel for this exploration. The crew will start at habitat A and travel to a point along deGerlache 
crater (on segment PQ ) to collect rock samples. This point will be denoted as point C. Then, 
the crew will take Rover 1 from that point C to location B to reset the seismic sensor. 

a. Create a scale drawing of the mission on the graph provided (Graph 1). Point P is located at 
the origin, segment AP  lies on the x-axis, and segment PQ  lies on the y-axis. Chose a 
point on PQ  along the deGerlache Crater that you think would give the shortest total 
distance. Label that point X.  

b. Using a colored pencil and a straight edge, plot the point, C (0,3), on segment PQ , along 
the deGerlache crater, where the crew will gather rock samples. Draw the path of Rover 1 
from A to C, then to B.  Label your points.  

Models will vary. 
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Figure 5: Possible mission graph with the location of C graphed 

c. Find the total length AC + CB. You will need to make several calculations using the 
Pythagorean Theorem. 

1. Working with your mission planning team, plot 4 different locations from (0,1) to  
(0,19) for Point C (chose at lease one point with a fractional value for y) and draw the 
paths on your mission graph. 

2. Enter the corresponding data in the Minimal Path Table (Table 1) including a detailed 
process for finding each calculation. Round your answers to the nearest hundredth. 
The work for the given point, C(0,3) is already shown in the table. For the general 
point, (0, n), each entry in the last row will be a variable expression instead of a 
number. Use the process in the previous rows to draw conclusions about the entries 
in the last row.  

Tables will vary.  

Table 1: Minimal Path Table 

C
(0, n) PC CQ AC CB AC+CB 

(0, 3) 3 19 – 3 = 16 28.502 + 32 = 28.66 172 +162 = 23.35 28.66 + 23.35 = 52.01 

(0, 7) 7 19 – 7 = 12 28.502 + 72 = 29.35 172 +122 = 20.81 29.35 + 20.81 = 50.16 

(0, 11) 11 19 – 11 = 8 28.502 +112 = 30.55 172 + 82 = 18.79 30.55 + 18.79 = 49.34 

(0, 15) 15 19 – 15 = 4 28.502 +152 = 32.21 172 + 42 = 17.46 32.21 + 17.46 = 49.67 

(0, 19) 19 19 – 19 = 0 28.502 +192 = 34.25 172 + 02 = 17.00 34.25 + 17.00 = 51.25 

(0, n) n 19 – n 28.502 + n 2 172 + (19 − n)2 28.502 + n2 + 172 + (19 − n)2
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d. Working with your mission planning team, analyze your table. According to your data, where 
is the best location for C so that the total distance Rover 1 travels is minimized? 

The minimal distance is found when C is the point (0,12) or when C is 12 km from Point P on
PQ .

What is the distance traveled? 

49.31 km. 

Compare your results with those of 2 other teams. Does there seem to be one best location 
in order to minimize the path?  

Yes, there will be an interval around C = (0, 12) where the distance will be minimized. 
Encouraging students to use fractional values for their choice of C will demonstrate this.

e. Show your solution on your mission graph by highlighting Rover 1’s path for the shortest 
distance traveled. How close was your prediction, X, for the shortest total distance to the 
actual value found? 

The solution for minimal distance is represented by the heavy line. Answers will vary for how 
close their prediction was.

Figure 6: Possible solution for minimal distance shown on a mission graph. 

2. Minimal Time Problem 
The average speed of Rover 1 is 8.9 km/hr with an empty payload. With a full payload of rocks 
the average speed drops to 5.5 km/hr. Find the best location for point C so that you minimize 
the total travel time for the distance AC + CB. Recall that d = rt, and t = d/r.

a. Using the locations chosen in Problem 1 and the Minimal Time table below (Table 2), find 
the time needed for each path. Include in the last column of the table a detailed process for 
finding each calculation. 
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Example: The time from A to C is 28.66 / 8.90, and the time from C to B is 23.35 / 5.50.  
                The total time is 28.66 / 8.90 + 23.35 / 5.50 = 7.47 

Table 2: Minimal Time Table 

C
(0, n) AC CB Total Time

(0, 3) 28.66 23.35 28.66 / 8.90 + 23.35 / 5.50 = 7.47 
(0, 7) 29.35 20.81 29.35 / 8.90 + 20.81 / 5.50 = 7.08 

(0, 11) 30.55 18.79 30.55 / 8.90 + 18.79 / 5.50 = 6.85 
(0, 15) 32.21 17.46 32.21 / 8.90 + 17.46 / 5.50 = 6.79 
(0, 19) 37.25 17.00 37.25 / 8.90 + 17.00 / 5.50 = 7.28 

(0, n) 28.502 + n 2 172 + (19 - n)2
228.50 + n2

+
172 + (19 - n)2

8.90 5.50

b. According to your data, where is the best location for C so that the total time traveled is 
minimized? What is the minimum time for the mission? 

Time is minimized when C is between the points (0, 14) and (0, 15) or when C is between 14 
and 15 km from P on PQ . The minimum time is 6.79 hours.

c. Show your solution on your mission graph by highlighting Rover 1’s path for the minimum 
travel time. 

The solution for minimal time is represented by the dashed line. 

d. Based on your work so far, where do you think is the best place to collect rocks along the 
deGerlache Crater in order to minimize both distance and time? Explain. 

Distance and time should both be minimized around (0,13). This is the point halfway 
between the minimum distance and the minimum time. 
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Figure 7: Possible solution for minimal time shown on a mission graph. 

3. Find the minimum using a graphing calculator. 

a. Given any point C(0, n) along segment PQ , write an expression in terms of n to represent 
the following quantities. Use your process from the Minimal Path table in Problem 1. 

PC = n 

CQ =19 - n 

AC = 28.502 + n 2

CB = + 172 + (19 - n)2

Total Distance (AC + CB) = 28.502 + n 2 + 172 + (19 - n)2

b. Enter the equation for the total distance into y1 in your graphing calculator. Graph the 
equation and use the minimum function of the calculator to approximate the minimum 
distance. Does it match your solution?  

Hint: To set the WINDOW values of the min and max of x, recall that x represents the 
distance, n, from P to C (first column). For the min and max values of y, recall that y
represents the total distance, AC + CB (last column). 
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The minimum is when C is 11.90 km from point Q, which is very close to the answer of 12 
found in Problem 1. The minimum distance of 49.31 km matches the solution found in 
Problem 1.

c. Using your Minimal Time table from Problem 2, write an equation to represent the total time. 

28.502 + n2 172 + (19 - n)2

t = +
8.90 5.50

d. Repeat Part b, above, for the equation for total time. Does it match your solution? 

Hint: The WINDOW values for the min and max of x are the same as above. For the min and 
max values of y, recall that y represents the total time (last column). 

The minimum time is 6.79 hours and occurs when C is 14.14 km from point P. This 
matches the answer in Problem 2.
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Exploring Space through Algebra 
Lunar Rover 

Feedback Form 
Please take a minute to complete this feedback form. Your input will help improve this product and will 
help us create new, useful material. 

Fax the completed form to: (281) 461-9350 – Attention: Martha Grigsby

Or type your responses in an email and send to: Martha.Grigsby@Tietronix.com

Please circle the appropriate response. 

1. This problem was useful in my classroom. YES NO 

2. The problem successfully accomplished the stated Instructional Objectives. YES NO 

3. I will use this problem again. YES NO 

4. Please provide suggestions for improvement of this problem and associated material: 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

5. Please provide suggestions for future Algebra problems, based on NASA topics, that you would 
like to see developed: 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Thank you for your participation. 

Please fax this completed form to Martha Grigsby at (281) 461-9350. 


