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About Journeys in Film

Founded in 2003, Journeys in Film operates on the belief 
that teaching with film has the power to prepare students 
to live and work more successfully in the 21st century as 
informed and globally competent citizens. Its core mission is 
to advance global understanding among youth through the 
combination of age-appropriate films from around the world, 
interdisciplinary classroom materials coordinated with the 
films, and teachers’ professional development offerings. This 
comprehensive curriculum model promotes widespread use 
of film as a window to the world to help students to mitigate 
existing attitudes of cultural bias, cultivate empathy, develop a 
richer understanding of global issues, and prepare for effective 
participation in an increasingly interdependent world. Our 
standards-based lesson plans support various learning styles, 
promote literacy, transport students around the globe, and 
foster learning that meets core academic objectives.

Selected films act as springboards for lesson plans in subjects 
ranging from math, science, language arts, and social studies 
to other topics that have become critical for students, 
including environmental sustainability, poverty and hunger, 
global health, diversity, and immigration. Prominent 
educators on our team consult with filmmakers and cultural 
specialists in the development of curriculum guides, each one 
dedicated to an in-depth exploration of the culture and issues 
depicted in a specific film. The guides merge effectively into 
teachers’ existing lesson plans and mandated curricular 
requirements, providing teachers with an innovative way to 
fulfill their school districts’ standards-based goals. 

Why use this program?

To be prepared to participate in tomorrow’s global arena, 
students need to gain an understanding of the world beyond 
their own borders. Journeys in Film offers innovative and 
engaging tools to explore other cultures and social issues, 
beyond the often negative images seen in print, television, 
and film media. 

For today’s media-centric youth, film is an appropriate and 
effective teaching tool. Journeys in Film has carefully selected 
quality films that tell the stories of young people living in 
locations that may otherwise never be experienced by your 
students. Students travel through these characters and their 
stories: They drink tea with an Iranian family in Children of 
Heaven, play soccer in a Tibetan monastery in The Cup, find 
themselves in the conflict between urban grandson and rural 
grandmother in South Korea in The Way Home, watch the 
ways modernity challenges Maori traditions in New Zealand 
in Whale Rider, or tour an African school with a Nobel Prize-
winning teenager in He Named Me Malala.
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In addition to our ongoing development of teaching guides 
for culturally sensitive foreign films, Journeys in Film brings 
outstanding documentary films to the classroom. Working 
with the Rossier School of Education at the University 
of Southern California, Journeys in Film has identified 
exceptional narrative and documentary films that teach 
about a broad range of social issues in real-life settings such as 
famine-stricken and war-torn Somalia, a maximum-security 
prison in Alabama, and a World War II concentration camp 
near Prague. Journeys in Film guides help teachers integrate 
these films into their classrooms, examining complex issues, 
encouraging students to be active rather than passive viewers, 
and maximizing the power of film to enhance critical 
thinking skills and to meet the Common Core Standards.

Journeys in Film is a 501(c)(3) nonprofit organization. 
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A Letter From Liam Neeson

Working in films such as Michael 
Collins and Schindler’s List, I’ve 
seen the power of film not only 
to entertain, but also to change 
the way audiences see themselves 
and the world. When I first 
met Joanne Ashe, herself the 
daughter of Holocaust survivors, 

she explained to me her vision for a new educational 
program called Journeys in Film: Educating for Global 
Understanding. I grasped immediately how such a program 
could transform the use of film in the classroom from a 
passive viewing activity to an active, integral part of learning. 

I have served as the national spokesperson for Journeys in 
Film since its inception because I absolutely believe in the 
effectiveness of film as an educational tool that can teach 
our young people to value and respect cultural diversity and 
to see themselves as individuals who can make a difference. 
Journeys in Film uses interdisciplinary, standards-aligned 
lesson plans that can support and enrich classroom programs 
in English, social studies, math, science, and the arts. Using 
films as a teaching tool is invaluable, and Journeys in Film 
has succeeded in creating outstanding film-based curricula 
integrated into core academic subjects. 

By using carefully selected documentary and foreign films 
that depict life in other countries and cultures around 
the globe, combined with interdisciplinary curricula to 
transform entertainment media into educational media, we 
can use the classroom to bring the world to every student. 
Our film program dispels myths and misconceptions, 
enabling students to overcome biases; it connects the future 
leaders of the world with each other. As we provide teachers 
with lessons aligned to Common Core Standards, we are also 
laying a foundation for understanding, acceptance, trust, and 
peace.

Please share my vision of a more harmonious world where 
cross-cultural understanding and the ability to converse 
about complex issues are keys to a healthy present and a 
peaceful future. Whether you are a student, an educator, 
a filmmaker, or a financial supporter, I encourage you to 
participate in the Journeys in Film program. 

Please join this vital journey for our kids’ future. They are 
counting on us. Journeys in Film gets them ready for the 
world. 

Sincerely, 
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A Letter From Ron Howard and Brian Grazer

We hope you enjoy watching MARS and experiencing the joy 
of discovery that inspired us to make this film series. 

We are called movie producers. But at the heart of what we 
really are is a storyteller. Life isn’t about finding the answers. 
It’s about asking the questions, and curiosity is a value we 
want to share. It infuses everything with a sense of possibility. 
It helps us learn about parts of the world far from Hollywood, 
to tell powerful stories and make good movies.

Brian and I, along with our friends at RadicalMedia, had an 
ambitious idea, which was to create a documentary about the 
quest to go to Mars but also bring it to life in a really dramatic 
and cinematic way. I have done several movies inspired by 
real events, starting with Apollo 13. When we began to see the 
way audiences responded to that film, we began to understand 
that science was a source of power. It would play upon the 
characters in ways that were very relatable for audiences and 
very dramatic. We learned that we can use science to explain 
the severe challenges to humanity, but also to offer optimism. 

Similar to the way Apollo 13 started to mobilize, we wanted to 
tell a story about what’s happening today—real technology, 
real people, real industry. We wanted to take these hot button 

Brian Grazer (left) and Ron Howard.

science issues and look at them from a storyteller’s eye, so 
we played around with an idea about Elon Musk and SpaceX 
that connected to the bigger themes around Mars—why we 
need to get to Mars, how we’re going to colonize it, and how 
we’re going to support such a mission. 

It’s very important to us to present science and space 
exploration to the general public. We want to inspire 
the curious, spark the next generation of explorers and 
innovators, and showcase the best of ingenuity in this 
world and what it means for our future. We are constantly 
bombarded with negative news stories, but we want to 
present the hope—the people who are making a difference 
and doing something to face these incredible challenges. 

With MARS, our goal was to use this nexus of science, true-life 
adventure, and the drama of our human experience to offer 
a really powerful event for audiences that we hope transports 
them, stimulates the imagination, and fires the belief that space 
exploration is an important, inevitable aspect of humanity. 

Combining a unique blend of theatrical-quality scripted 
drama with documentary sequences, the series will unpack 
what the greatest minds in space exploration are doing today 
to make traveling to Mars a reality as well as dramatize the 
world they are working toward. 

We are so happy to be able to share this important and epic 
adventure with you. Ambitions were high for this story and 
we are really honored and thrilled to have been given this 
challenge. It is our hope that MARS will spark a passion for 
exploration and ignite in you a lifetime of curiosity. 

Sincerely,

Ron Howard and Brian Grazer 
Executive Producers
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is the mission’s mechanical engineer and robotics specialist. 
Amelie Durand, a French physician and biochemist, cares 
for both the physical and emotional well-being of the crew. 
Spanish hydrologist Javier Delgado is responsible for finding 
and accessing the most important element for human 
survival on Mars, a supply of water. Rounding out the crew 
is Marta Kamen, a Russian geologist and exobiologist who is 
looking for traces of life on Mars. 

Behind the expedition are two major organizations that 
have joined in a corporate–public partnership. The Mars 
Mission Corporation (MMC) was founded specifically to 
carry out this mission, seeing it as the opening wedge of a 
possible commercial enterprise in the future. Headquartered 
in London, it is led by space entrepreneur Ed Grann. The 
International Mars Science Foundation is a coalition of 
nations—the United States, Russia, China, Japan, the 
EU, India, Mexico, Brazil, the UAE, Israel, South Korea, 
Australia, and South Africa—that have pooled their resources 
to support the expensive and dangerous undertaking of a 
manned expedition and colonization of Mars. 

The expedition is planned to have four phases: an initial 
presence beginning in 2033 to locate water and a suitable 
place for a permanent settlement, to be followed by an 
expansion and construction phase a few years later to 
increase the power supply, begin the production of food 
supplies, and make room for additional colonists. Additional 
phases will bring a hundred and later thousands of people to 
Mars by 2100. 

10

Introducing MARS

Of all the planets in our solar system, none has captured our 
collective imagination like the red planet. Your students will 
follow the first human mission to Mars, set in 2033, as the crew 
struggles to land safely and establish a permanent presence 
on the planet. National Geographic blends a feature-film 
caliber, scripted drama set in the future with documentary 
footage of present-day space technology pioneers to trace the 
quest to make Mars home.

The landings of astronauts on the moon from 1969 to 
1972 inspired a generation who listened with awe as Neil 
Armstrong said, “That’s one small step for a man, one giant 
leap for mankind.”1 The international effort to maintain a 
space station has added immensely to our knowledge about 
space science and how humans respond to extended periods 
of time away from our home planet. Probes, rovers, and the 
Hubble telescope have sent back new information that is 
interpreted by scientists at the National Aeronautics and Space 
Administration and at universities around the world. Now the 
National Geographic Channel gives us insight into the next 
stage of manned space exploration, an attempt to land a small 
band of astronauts on our neighboring planet, Mars. 

MARS is a global event series of six episodes that suggest 
what might occur when a carefully planned expedition lands 
on the Red Planet. The scripted part of the drama tells of six 
pioneers who are willing to risk their lives in this attempt. 
Ben Sawyer, the mission commander, is an experienced 
astronaut and systems engineer who sees this mission as 
the pinnacle of his career. Hana Seung is the mission pilot, 
second in command; her twin sister, Joon, stays earthbound, 
serving as capsule communicator for the Mars mission. 
Robert Foucault, born in Nigeria and educated at Stanford, 

1  According to Neil Armstrong, this is the correct version of his famous quotation.  It is usually misquoted, without the “a” before “man.”
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In addition to this scripted drama, the series presents a 
number of unscripted interviews and documentary footage 
with some of the foremost experts engaged in space research 
today: NASA administrators and former astronauts; Neil 
DeGrasse Tyson, the director of the Hayden Planetarium in 
New York; Roger Launius, from the Smithsonian’s Air and 
Space Museum; Elon Musk, the CEO and chief technology 
officer of SpaceX; and many more. This experimental format 
of blending scripted and unscripted elements adds depth to 
the drama of these pioneers to experience the challenges, 
excitement, and hazards of life on Mars. 

A RadicalMedia and Imagine Entertainment Production

Directed by: Everardo Gout

National Geographic Channel

Chief Executive Officer:  Courteney Monroe

President of Original Programming & Production: Tim Pastore

Vice President of Production: Matt Renner 

Executive Producer: Robert Palumbo

Executive Vice President, Global Communications & Talent 

Relations: Chris Albert

Communications and Education Specialist: Tracy Smith
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To the Teacher

The National Geographic Channel global event series MARS 
provides an opportunity to couple an exciting and dramatic 
story about space travel with interdisciplinary lesson plans 
that are aligned with national standards. This curriculum 
guide begins with two lessons that may be useful for social 
studies classes. They are followed by four lessons in STEM 
fields of math, physics, computer science, and engineering. 
Finally, you will find two lessons that will lead English classes 
into science fiction classics and creative writing. The lessons 
were written with high school classes as a target audience, but 
some of them may be adapted for middle school as well.

Lesson 1 provides a context for the Mars mission portrayed 
in the series by giving students insight into how humans have 
perceived Mars for centuries, how writers have speculated 
about the Red Planet’s nature, and how space travel and 
exploration have progressed since the 1960s. The sociological 
concept of the “cultural iceberg” underlies Lesson 2, as 
students apply cultural concepts to analyze the nature of life 
in Olympus Town. 

Lesson 3 asks students to research the hazards that astronauts 
on the surface of Mars will face, including those that are 
apparent from viewing the series. Students then write mini-
stories involving the hazards and program them as computer 
games for classmates to try. Lesson 4 explores the idea of 
terraforming, the process of making a planet or moon more 
earthlike by modifying its atmosphere, its temperature, its 
topography, or its ecology so that humans can live there 
more readily. 

A more advanced lesson for classes in physics can be found 
in Lesson 5. Students model a spacecraft and consider such 
topics as the amount of space needed for the crew versus the 

amount needed for supplies and how those supplies can be 
packed without unbalancing or stressing the rotating ship. 
They will study rotational motion and how changes in the 
moment of inertia can modify rotational speeds. In Lesson 
6, students use math and graphing to predict the future 
of advances in speed necessary for space travel as they 
contemplate the sheer vastness of the solar system. 

English classes will find Lessons 7 and 8 useful. Lesson 7 asks 
students to consider the appeal that science fiction writing 
and film have had for generations, and it surveys some of 
the best-known writers who have used their imaginations 
to portray life on Mars and even Martians themselves. 
Lesson 8 asks students to join this stream of science fiction 
by writing their own short stories: creating a believable 
milieu, populating it with fictional characters, and creating a 
compelling conflict to be resolved. 

Although it is possible to use all these lessons, most teachers 
will select just one or several to use with their classes. You 
might wish to consider a team approach built around the 
series MARS for a memorable experience for your students. 

Premieres on National Geographic Channel on Monday night, 
November 14th  at 9/8C and every Monday night after that for 
the next 5 weeks.
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Beginning December 24, 2016, the full season of the MARS 
series will be available via the following media until February 
24, 2017: 

Free Digital Streaming:

National Geographic Channel TV Everywhere platforms 

natgeotv.com

AppleTV

iOS phones & tablets

Android phones

Samsung Connected TVs

Free Digital Streaming (with Cable Provider Log-In):

National Geographic  Channel Video On Demand 

National Geographic Channel TV Everywhere platforms 

Roku 

Xbox One & 360 

Cable Provider sites/apps 

For Purchase:

Hulu

Amazon

iTunes 

GooglePlay

For more information about the series,  see www.

MakeMarsHome.com and http://channel.nationalgeographic.

com/mars/. For more information about this and other free 
Journeys in Film curriculum and discussion guides, please 
see the Journeys in Film website at www.journeysinfilm.org. 

http://www.MakeMarsHome.com
http://www.MakeMarsHome.com
http://channel.nationalgeographic.com/mars/
http://channel.nationalgeographic.com/mars/
http://www.journeysinfilm.org
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L e s s o n  1   (HISTORY,  SCIENCE,  SOCIAL STUDIES)

15

Learning About Mars Through Space Exploration: 
Past, Present, and Future

Enduring Understandings

• To understand the history of Mars exploration, it is 

important to know the scientific underpinnings of that 

pursuit.

• In order to predict possible next steps in the 

exploration of Mars, it is necessary to understand the 

historical stages of such exploration.

• 

Essential Questions

• Is a manned mission to Mars possible? 

• Is a manned mission to Mars desirable?

• Could Mars support life?

Notes to the Teacher

National Geographic’s global event series MARS imagines 
what the first manned mission to Mars might look like in 
the not-so-distant future. Six crew members launch from 
Kennedy Space Center and travel in toward the red planet 
in a spacecraft called Daedalus. The name Daedalus refers 
to a character in Greek mythology known for his skill and 
innovation; he invented wings that made it possible for him 
to fly. Like the crew portrayed in MARS, the astronauts of 
the first manned mission to Mars will have to use all their 
training to successfully sustain themselves in the harsh 
Martian environment.

This lesson, which may be used before the showing of the 
MARS series, looks at the history of space exploration to 
Mars. For thousands of years, humanity has been fascinated 
with the planet Mars. As far back as the ancient Babylonians, 
astronomers have been observing the planet’s movements 
and recording its activity in the night sky. The planet was 
named by the Greeks for Ares, their god of war, because of 
its red color. The Romans named it for their own god of 
war; in fact all the planets in our solar system were named 
after Roman deities except Earth. In the present day, the 
enthusiasm for Mars shows no sign of ending. As of 2016, 
there are nine different active unmanned missions involving 
Mars. In the future, NASA—the National Aeronautics and 
Space Administration—hopes to make history again by 
sending humans to Mars by the 2030s.
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SpaceX founder Elon Musk has recently announced his plan 
to establish a self-sustaining city on Mars, allowing humans 
to become a multi-planetary species. Although his first few 
tickets may be priced extremely high, his goal is to eventually 
be able to transport humans to Mars for a much lower price. 
He estimated that it would take 40 years to a century to make 
a self-sustaining colony of a million Martian inhabitants; he 
expects that eventually this undertaking will be a public–
private partnership.  

In Part 1 of this lesson, students learn the history of Mars 
exploration by reading a summary of Mars missions and 
reviewing NASA’s complete historical log of Mars missions. 
Using both documents, students will have to choose the five 
most significant missions to complete a Mars exploration 
chart. Afterward, they will support their choices in a class 
discussion.

In Part 2, students in groups complete a research project on 
active Mars missions. Using Internet resources, the students 
will put together three- to five-minute mission briefs and 
then present them to the class. Before this part of the lesson, 
acquaint yourself with the six ongoing Mars projects and 
review the websites listed on Handout 2. There is a rubric 
provided for grading this part of the lesson.

In Part 3, students will write a position statement, predicting 
how future missions of Mars exploration might look. They 
will support their statements with evidence from their 
research by using what they have discussed in class, including 
two potential scientific goals of the future mission. Use your 
normal writing and editing procedure for this part of the 
lesson. A rubric for grading the essay is included. 

Common Core English Language Arts Standards » 
History/Social Studies » Grade 11–12

CCSS.ELA-LITERACY.RH.11-12.2 
Determine the central ideas or information of a primary 
or secondary source; provide an accurate summary that 
makes clear the relationships among the key details and 
ideas.

CCSS.ELA-LITERACY.RH.11-12.3 
Evaluate various explanations for actions or events and 
determine which explanation best accords with textual 
evidence, acknowledging where the text leaves matters 
uncertain.

CCSS.ELA-LITERACY.RH.11-12.7 
Integrate and evaluate multiple sources of information 
presented in diverse formats and media (e.g., visually, 
quantitatively, as well as words) in order to address a 
question or solve a problem.

CCSS.ELA-LITERACY.RH.11-12.9 
Integrate information from diverse sources, both primary 
and secondary, into a coherent understanding of an idea 
or event, noting discrepancies among sources.

Common Core Standards addressed by the lesson
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Common Core English Language Arts Standards » 
Writing » Grade 11–12

CCSS.ELA-LITERACY.WHST.11-12.1 
Write arguments focused on discipline-specific content.

CCSS.ELA-LITERACY.WHST.11-12.4 
Produce clear and coherent writing in which the 
development, organization, and style are appropriate to 
task, purpose and audience.

CCSS.ELA-LITERACY.WHST.11-12.7 
Conduct short as well as more sustained research 
projects to answer a question (including a self-generated 
question) or solve a problem; narrow or broaden the 
inquiry when appropriate; synthesize multiple sources on 
the subject, demonstrating understanding of the subject 
under investigation.

CCSS.ELA-LITERACY.WHST.11-12.8 
Gather relevant information from multiple authoritative 
print and digital sources, using advanced searches 
effectively; assess the strengths and limitations of 
each source in terms of the specific task, purpose, and 
audience; integrate information into the text selectively 
to maintain the flow of ideas, avoiding plagiarism and 
overreliance on any one source and following a standard 
format for citation.

CCSS.ELA-LITERACY.WHST.11-12.0 
Draw evidence from informational texts to support 
analysis, reflection, and research.

L e s s o n  1   (HISTORY,  SCIENCE,  SOCIAL STUDIES)

Duration of the Lesson 

Two class periods, plus time to research, complete 
a briefing form, and deliver presentations and to 
complete the final essay

Assessment 

Class discussions 

Cards listing defining moments in Mars exploration 
and defense of choices

Research presentation with rubric

Predictive essay 

Materials 

Photocopies of Handouts 1, 2, and 3 for each 
student

Computer access
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Procedure

Part 1: The Historical Stages of Mars Exploration

1.  Tell students that in this lesson they are going to learn 
about the history of Mars exploration. Ask them to guess 
how many official missions and programs there have been 
involving the planet Mars. (Answer: 43). Ask them what 
some of the purposes of the missions might have been? 
(To take photos, study weather, study the surface)

2.  Distribute Handout 1: Mars Explorations: Highlights 

From Past Missions. Ask students to read Part A 
carefully. In a brief discussion, have them summarize the 
four major stages of Mars explorations. Ask them if they 
feel that such exploration is a valuable use of resources—
and, if so, why. (Answers will vary.) 

3.  Then arrange students in pairs and distribute five index 
cards to each pair. Give them the opportunity to access 
the Historical Log of All Mars Programs and Missions at 
http://mars.nasa.gov/programmissions/missions/log/. Tell 
them to select five dates that they believe were defining 
moments in Mars exploration. Ask them to write one date 
and the event on the front of each card. On the back of 
each, have them write why they chose the date as highly 
significant. 

4.  When they are finished, have students share and discuss 
their answers with the class. Keep a tally of key dates and 
events on the board so that students can see the degree of 
consensus the class has. 

Part 2: The History of Active Mars Missions

1.  Divide students into six groups. Assign each group to 
research and report on one of six active Mars missions:

• 2001 Mars Odyssey 
• 2003 Mars Exploration Rovers 
• Mars Express 
• Mars Reconnaissance Orbiter 
• Mars Science Laboratory 
• MAVEN

2.  Distribute Handout 2: Preparing a Mars Mission 

Brief (the assignment sheet and rubric) to each student. 
Tell students that in their research groups, they are to 
develop a mission brief, summarizing their assigned topic. 
Go over the topics on the briefing form to be sure that 
they understand. Provide at least a class period for writing 
and practicing the briefing. Encourage students to be 
creative and to share with the class illustrations that they 
find during their briefing.

3.  If desired, assign roles to students in each group, such 
as researcher, writer, editor, leader, etc. Make sure that 
students know your expectations for each role and tell 
them to retain evidence of their work in the form of drafts, 
research notes, etc.

4.  Give students time to make three- to five-minute 
presentations, using their briefing forms as a loose script. 
After their presentations, collect the briefing forms and 
grade them, using the rubric and other evidence provided. 

http://mars.nasa.gov/programmissions/missions/log/
http://mars.nasa.gov/programmissions/missions/present/odyssey/
http://mars.nasa.gov/programmissions/missions/present/2003/
http://mars.nasa.gov/programmissions/missions/present/express/
http://mars.nasa.gov/programmissions/missions/present/2005/
http://mars.nasa.gov/programmissions/missions/present/msl/
http://mars.nasa.gov/programmissions/missions/present/maven/
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L e s s o n  1   (HISTORY,  SCIENCE,  SOCIAL STUDIES)

Part 3: The Future of Mars Exploration 

1.  Distribute Handout 3 (writing prompt and rubric). Read 
the directions aloud: In three to five paragraphs, answer 
this question: What do you think future missions of Mars 
exploration will look like? Support your position by using 
the facts that were discussed in class and independent 
research. Your response must include two potential 
scientific goals of the future mission.  

2.  Discuss your expectations with students and then set a 
deadline for the position statement.

Extension activity

For more mature students, show the video clip of NASA 
experts discussing the role of science in the future 2020 
mission to Mars. This clip can found on the NASA website 
at http://mars.nasa.gov/mars2020/multimedia/videos/?v=289 

Compare NASA’s view of the future with that of National 
Geographic’s MARS global event series.

http://mars.nasa.gov/mars2020/multimedia/videos/?v=289
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A. Read the following summary of the four stages of humans’ 
efforts to learn about the planet Mars. 

Since the earliest days of recorded history, the planet Mars 
has fascinated human beings. As early as 400 B.C., Babylonian 
astronomers noted its bright red appearance in the night 
sky. The name Mars comes from the ancient Romans, who 
named the planet after their mythological god of war. In 
1609 the astronomer Galileo was the first person to observe 
Mars through a telescope. All observations of Mars were 
earthbound for thousands of years. However, in the 1960s, 
that changed when humans began using spacecraft missions 
to explore the solar system. 

The first stages of Mars missions were flybys. In 1962, the 
Soviet Union attempted to launch a Mars probe called 
Sputnik 24, but the spacecraft failed to leave Earth orbit. In 
1964, NASA launched Mariner 3 to fly over Mars and send 
back images; however, there were complications with the 
outer casing and the spacecraft failed to reach Mars. In 1965, 
Mariner 4 successfully reached Mars, producing the first 
close-up images of the planet. NASA successfully launched 
Mariner 6 and 7 in 1969. In addition to relaying many 
photographs, they were able to analyze the planet’s surface 
and atmosphere using remote sensors. 

After these short flybys, the second stage of Mars exploration 
focused on orbiting the planet for longer missions. In early 
November 1971, NASA’s Mariner 9 was the first spacecraft 
to enter the orbit of a planet besides Earth. Mariner 9 also 
took the first high-resolution images of the moons of Mars, 
Phobos and Deimos. As of 2016, Mariner 9 is still in Martian 
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orbit. The Soviets were also seeking to explore Mars. In late 
November 1971, the USSR spacecraft Mars 2 reached orbit 
and launched a landing probe to the Martian surface, but 
it crashed. Mars 3 completed the first successful launch of 
a landing probe on the surface of Mars, but it was able to 
beam back images only for about 20 seconds. The Russian 
orbitals, however, were able to send back information for 
several months. 

The third and present stage of Mars exploration has focused 
on landers and rovers. The U.S. orbiter/lander Viking I 
landed on Mars in July 1976. Viking II landed on Mars in 
November 1976. Both Viking I and II conducted experiments 
for micro-organisms, researched Martian weather, and took 
panoramic images of the planet’s surface. The first Martian 
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surface rover, called Sojourner, was delivered by the U.S. 
spacecraft Mars Pathfinder in December 1996. In October 
2001, the U.S. spacecraft Mars Odyssey entered Martian orbit. 
Still in operation, its job has been to act as a communications 
relay for U.S. surface operations. Those surface operations 
included the twin Mars rovers Opportunity and Spirit, which 
were delivered successfully in January 2004. Although NASA 
lost communication with Spirit in 2010, Opportunity is still 
in operation. The next U.S. rover, Curiosity, was delivered 
by the Mars Science Laboratory in 2011. Its mission is to 
discover whether Mars ever had an environment to support 
life. It is the hope of NASA scientists that robotic rovers will 
pave the way for the next stage of Mars missions, human 
exploration. 

B. The history of Mars exploration has been complex. Read 
NASA’s official historical log of all Mars programs and 
missions at http://mars.nasa.gov/programmissions/missions/

log/. Using what you have learned in the reading above and 
this log, select five key events that you believe were defining 
moments in Mars exploration. Record each of those five 
events and their dates on the front of your five index cards. 
On the back, write a few sentences explaining your choices. 
Be prepared to defend your choices in class. 

http://mars.nasa.gov/programmissions/missions/log/
http://mars.nasa.gov/programmissions/missions/log/
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Group Members: __________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________

Mission: __________________________________________________   Date:  ____________________________________

Directions: 

A mission brief is a succinct overview of a task that a person or group of people has been assigned to complete. With your 
group, develop a three- to five-minute mission brief of your assigned Mars spacecraft using the format on the next page. Use 
the Internet resource listed below with your mission. You may supplement the readings with outside research; however, be sure 
to evaluate the quality of your sources. 

When you have finished your briefing, practice your presentation. Presentations will be timed, so be sure yours is three to five 
minutes long. Each member of your group should present part of the briefing. 

2001 Mars Odyssey  

Current Mission Website:  
http://mars.nasa.gov/odyssey/

Mars Reconnaissance Orbiter 

Current Mission Website: 
http://mars.nasa.gov/mro/

Mars 2003 Exploration Rovers 

Current Mission Website: 
http://mars.nasa.gov/mer/home/

Mars Science Laboratory  

Current Mission Website: 
http://mars.nasa.gov/msl/

Mars Express 

Current Mission Website: 
http://mars.nasa.gov/express/

MAVEN (Mars Atmospheric and Volatile Evolution) 

Current Mission Website: 
http://mars.nasa.gov/maven/

Current Mars Missions:

http://mars.nasa.gov/odyssey/
http://mars.nasa.gov/mro/
http://mars.nasa.gov/mer/home/
http://mars.nasa.gov/msl/
http://mars.nasa.gov/express/
http://mars.nasa.gov/maven/
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Mission Briefing Form

Mission Objectives: Dates of Mission:

Organizational plan:

Personnel involved:

Materials required: Location(s):

Criteria for measuring success of mission: Concerns, Risk Analysis:

Briefing date: Current Status of mission:
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4 – Exceeds 
Expectations

3 – Satisfactory 2 – Developing 1 – Needs 
Improvement

Length of 

Presentation

Presentation was 
within the three- to 
five-minute time 
frame.

Presentation was 
less than three 
minutes or more 
than five minutes. 

Presentation was 
less than two 
minutes or more 
than six minutes.

No presentation was 
given.

Quality of 

Information

Presentation 
provided accurate 
factual information 
in an engaging and 
interesting manner.

Presentation 
provided 
information with 
minimal factual 
errors.

Presentation 
provided 
information with 
a few significant 
factual errors.

Presentation 
included many 
significant factual 
errors.

Individual 

Contributions

The student was 
actively engaged in 
the development 
and practice of the 
briefing.

The student was 
usually engaged in 
the development 
and practice of the 
briefing.

The student 
sometimes 
participated in 
the development 
and practice of the 
briefing.

The student rarely 
participated 
or resisted the 
development and 
practice of the 
briefing.

Written Briefing 

Form

The briefing form 
was fully completed 
with accurate 
information. 

The briefing 
form was almost 
completed or 
completed with 
minimal errors.

The briefing form 
was partially 
completed or 
contained some 
significant factual 
errors.

The briefing form 
was not completed 
or contained 
numerous factual 
errors.

Demonstrated 

Understanding

The briefing 
demonstrates 
in-depth 
understanding of 
relevant concepts.

The briefing 
demonstrates 
understanding of 
major concepts.

The briefing 
demonstrates 
some gaps in 
understanding of 
major concepts. 

The briefing 
demonstrates 
significant gaps in 
understanding of 
major concepts.
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4 – Exceeds 
Expectations

3 – Satisfactory 2 – Developing 1 – Needs 
Improvement

Thesis Statement A strong thesis 
statement is made 
in the introductory 
paragraph.

A thesis statement is 
made.

A thesis statement 
is implied but not 
directly stated.

No thesis statement is 
present.

Diversity of Factual 

Support

Uses facts found in 
all three possible 
sources: the readings, 
independent research, 
and class discussion.

Uses facts found 
in two of the three 
possible sources: the 
readings, independent 
research, and class 
discussion.

Uses facts found in 
one of three possible 
sources: the readings, 
independent research, 
and class discussion.

Did not use facts to 
support the position. 

Construction of 

Argument

Ideas flow smoothly 
throughout the 
writing.

Ideas within 
paragraphs are 
consistent but may 
lack occasional 
transitions.

Ideas within 
paragraphs are not 
always consistent.

Ideas are disjointed 
and no connection is 
made between points.

Mechanics (spelling, 

grammar, usage)

No mechanical errors 
are detected.

Few mechanical errors 
that do not interfere 
with understanding.

Some mechanical 
errors that make 
reading difficult at 
times.

Frequent mechanical 
errors, making reading 
difficult throughout.

The MARS global event series uses the story of the Daedalus to imagine how the future of Mars exploration might look in 2033. 
In reality, NASA is committed to a bold exploration program that meets U.S. scientific and human exploration goals. In three 
to five paragraphs, answer this question: What do you think future missions of Mars exploration will look like? Support your 
position by using the facts that were discussed in class and independent research. Your response should include two potential 
scientific goals of the future mission. Use the rubric below to evaluate your paper before submitting it.
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An Iceberg for the Red Planet: 
The Culture of Olympus Town

Enduring Understandings

• The concept of culture is complex and essential to 

developing civilizations.

• Culture shapes how people see the world, themselves, 

and others. 

• Culture has both visible and invisible aspects. 

• 

Essential Questions

• What are the major elements of Olympus Town 

culture?

• What are the main differences between visible and 

invisible aspects of culture?

Notes to the Teacher

Civilization and culture are two major concepts covered 
in humanities courses at all levels. Culture is core to our 
understanding of the world; and it is important for students 
to have the tools and knowledge to assess their own culture, 
as well as cultures of others. The use of the global event series 
MARS and the construct of Olympus Town to teach the 
process of cultural analysis in this lesson are valuable because 
the series provides a compact, digestible society for students 
to engage with. 

The episodes of MARS display the more visible aspects of what 
a culture on Mars might be like, such as food (soy blocks) and 
frequent dress (EVA suits). We also see more covert, nuanced 
aspects of Olympus Town. The relationship between Amelie 
and Javier from friendship to romance over time is shown as 
caring and kind, which may be a result of the mere pressure 
to stay alive on the red planet. Yue’s leadership development 
and the ways in which other characters perceive and respect 
her authority are major elements of the deep culture of 
Olympus Town. Most importantly, when a problem arises or 
tragedy strikes Mars, the characters respond in varying ways 
that affect their mental and physical health, reflecting their 
culture of origin. 

This lesson does not simply end on Mars; a cultural analysis 
of Olympus Town is only the beginning. The concepts 
discussed and skills developed during this lesson will provide 
a foundation for your social studies courses so that you 
may refer to these class discussions and assignments while 
studying other units and regions. 
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In this lesson, students develop an understanding of the term 
“culture” and come up with their own definition as a class 
to establish an agreed upon description of culture. They also 
act as social anthropologists and work in groups to analyze 
the culture of Olympus Town using a framework similar to 
one that might be used by social scientists. This will allow 
students to engage with the show’s characters, plot, and 
themes through both an analytical and a comparative lens. 
Lastly, students will exercise creativity by making a mural of 
a cultural iceberg of Olympus Town to illustrate the aspects 
of the red planet that can be considered surface, and those 
that lie deeper. Rubrics for the class discussion, cultural 
analysis, and iceberg activities are included at the end of the 
lesson (Teacher Resource 2).

Additional information about the cultural iceberg metaphor 
and illustrations is available on numerous websites; see, for 
example: 

http://www.afs.org.in/afs-and-intercultural-learning/culture-

as-an--iceberg-graphic/

http://www2.pacific.edu/sis/culture/pub/1.1.1_Activity_The_

Iceberg.htm

A slide show about this concept is available at http://www.

slideshare.net/deiibeiineii/elective-1-the-iceberg-model-of-

culture. 

Duration of the Lesson 

Three or four class periods

Assessment 

Sharing of definition and image

Class discussions

Completion of cultural analysis handout

“Iceberg” mural of Olympus Town culture

Materials 

Handout 1: A Cultural Analysis of Olympus 
Town

Handout 2: The ‘Iceberg’ Concepts of Culture

Chart paper

Poster board 

Construction paper 

Markers

Tape or glue

Magazines and paint for Part 3 (optional)

http://www.afs.org.in/afs-and-intercultural-learning/culture-as-an--iceberg-graphic/
http://www.afs.org.in/afs-and-intercultural-learning/culture-as-an--iceberg-graphic/
http://www2.pacific.edu/sis/culture/pub/1.1.1_Activity_The_Iceberg.htm
http://www2.pacific.edu/sis/culture/pub/1.1.1_Activity_The_Iceberg.htm
http://www.slideshare.net/deiibeiineii/elective-1-the-iceberg-model-of-culture
http://www.slideshare.net/deiibeiineii/elective-1-the-iceberg-model-of-culture
http://www.slideshare.net/deiibeiineii/elective-1-the-iceberg-model-of-culture
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Rubrics for Common Core Standards  

addressed by this lesson

CCSS.ELA-LITERACY.SL.9-10.1.B 
Work with peers to set rules for collegial discussions and 
decision-making (e.g., informal consensus, taking votes 
on key issues, presentation of alternate views), clear 
goals and deadlines, and individual roles as needed.

CCSS.ELA-LITERACY.SL.9-10.1.C 
Propel conversations by posing and responding to 
questions that relate the current discussion to broader 
themes or larger ideas; actively incorporate others into 
the discussion; and clarify, verify, or challenge ideas and 
conclusions.

CCSS.ELA-LITERACY.SL.9-10.1 
Initiate and participate effectively in a range of 
collaborative discussions (one-on-one, in groups, and 
teacher-led) with diverse partners on grades 9–10 
topics, texts, and issues, building on others’ ideas and 
expressing their own clearly and persuasively.

CCSS.ELA-LITERACY.SL.9-10.1.D 
Respond thoughtfully to diverse perspectives, summarize 
points of agreement and disagreement, and, when 
warranted, qualify or justify their own views and 
understanding and make new connections in light of the 
evidence and reasoning presented.

CCSS.ELA-LITERACY.SL.9-10.4 
Present information, findings, and supporting evidence 
clearly, concisely, and logically such that listeners 
can follow the line of reasoning and the organization, 
development, substance, and style are appropriate to 
purpose, audience, and task.

Procedure

Part 1: Defining Culture

1.  The day before the lesson, ask students to find a definition 
of “culture” and an image that illustrates the definition 
they found. Ask them to bring their definitions and 
images to class the following day.  

2.  Prior to the lesson, refer to the definitions of culture listed 
at http://carla.umn.edu/culture/definitions.html and write 
each definition on a separate piece of chart paper. 

3.  On the day of the lesson, ask students to report on the 
definitions and images they found, and explain why they 
chose their image. 

4.  Give tape and your chart-paper definitions—one, each—
to nine students and ask them to quickly mount them 
around the classroom. Then ask all the students to walk 
around silently and read each definition, looking for the 
one they feel is most accurate. 

5.  Ask them to stand near the definition of culture that 
they feel is most accurate. Once all students have made 
their decisions, allow them to discuss why they chose that 
specific definition in their chosen groups. 

6.  Point out to students that sometimes people make 
generalizations about a culture when they have limited 
knowledge of it. Define stereotype (an often unfair 
generalization about a group of people based on limited 
knowledge of the people or their culture). Ask students 
if they have ever been stereotyped because of their age, 
nationality, or gender. Remind them to be cautious about 
overgeneralizing from limited data as they study the 
concept of culture.

L e s s o n  2   (SOCIAL STUDIES)

http://www.corestandards.org/ELA-Literacy/SL/9-10/1/b/
http://www.corestandards.org/ELA-Literacy/SL/9-10/1/c/
http://www.corestandards.org/ELA-Literacy/SL/9-10/1/
http://www.corestandards.org/ELA-Literacy/SL/9-10/1/d/
http://www.corestandards.org/ELA-Literacy/SL/9-10/4/
http://carla.umn.edu/culture/definitions.html
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3.  Have each group share one characteristic of Olympus 
Town culture that they found during their analysis. (A 
list of suggested answers for you to use in guiding the 
discussion is available on Teacher Resource 1.) 

4.  Discuss the differences and commonalities between 
Olympus Town and the community in which your school 
is situated. What factors contribute to the differences? 
What factors contribute to the similarities?

Part 3: An Iceberg for the Red Planet

1.  Distribute Handout 2: The ‘Iceberg’ Concept of 

Culture and read through the information with your 
students. Draw an iceberg on the board, including a 
designated water line. Conduct a discussion about the 
visible and invisible aspects of culture, filling in a few of 
the cultural aspects listed. Then have students work in 
pairs to complete the rest of the iceberg. 

2.  After students have an understanding of the “iceberg” 
concept of culture, tell them to return to the groups they 
were in for the activity in Part 2. Tell them to use their 
cultural analysis of Olympus Town to develop a sketch 
of an iceberg of Olympus Town culture, placing their 
observations above and below the water line appropriately. 
Circulate to be sure that they understand the concepts of 
visible and invisible cultural traits.

7.  Allow students in each group to share their thoughts with 
the rest of the class. Facilitate a class discussion with the 
goal of writing a definition on the board that the class 
can agree to use moving forward. Have students copy the 
agreed-upon definition into their notebooks.

Part 2: A Cultural Analysis of Olympus Town 

1.  Begin class by asking students to recall characteristics of 
Olympus Town from the following episodes of MARS: 

Episode 4, “Power”
Episode 5, “Darkest Days”
Episode 6, “Crossroads”

If time permits, you may want to replay the episodes for 
students to have a second look at the culture of Olympus 
Town. 

2.  Divide the class into groups of four or five. Distribute 
Handout 1: A Cultural Analysis of Olympus Town 
and instruct students to work together in their groups to 
complete the handout. While students discuss in groups, 
have each student fill in his or her own handout. Make 
it clear that students may need to use inference instead 
of overt fact in order to answer some questions on the 
handout. Students should also note on the handout 
aspects of Olympus Town culture that have not been 
developed yet in the episodes viewed. 
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3.  Distribute markers and poster board or construction 
paper; if you wish, add magazines (for collage) and paint. 
Give students time to work in groups to transfer their 
sketch to the larger paper. Tell them that they may use 
words or images or a combination of both to express their 
ideas. Encourage students to be ambitious, creative, and 
thorough while working on completing this assignment. 

4.  Display completed work around the classroom for 
students to see. Organize a gallery walk: have half the 
members of each group stay with their iceberg to answer 
questions, while the other half walks and asks questions of 
students in the other groups. Then, reverse the roles and 
let the second group of students walk and ask questions of 
the others.   

L e s s o n  2   (SOCIAL STUDIES)



A Cultural Analysis  
Of Olympus Town1

J o u r n e y s  i n  F i l m :  M A R S

H a n d o u t  1  •  p . 1

L e s s o n  2   (SOCIAL STUDIES)

1 Adapted from: Herberg, P. “Theoretical Foundations of Transcultural Nursing,” in Transcultural Concepts in Nursing Care,. Boyle, J.S., and M.M. Andres, Eds. Glenview: Scott & 
Foresman, 1989, pp. 24–25.

Name(s): ___________________________________________________   Date:  ____________________________________

Directions: 

Use the following outline to analyze the culture of Olympus Town. Write your group’s responses on separate sheets of lined 
paper, but use this outline as a template. Write down as much information as possible and be sure to provide references or 
examples specifically from the episodes of MARS. Staple your sheets of paper to this outline. You may not be able to answer all 
the questions; in that case, simply state for the answer, “Not yet developed.” 

1.  Brief History

a. Origins of the cultural group

b. Location 

2.  Values

a. General worldview

b. Code of ethics

c. Norms and standards of behavior (authority, responsibility, dependability, competition, etc.)

d. Attitudes toward:
Time
Work vs. play/leisure 
Money 
Education 
Physical standards of beauty and/or strength 
Change 
Use of space

3.  Interpersonal Relationships

a. Family
Courtship and marriage patterns
Kinship patterns
Family function (gender roles, traditions, decision-making)
Relationship to community 
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b. Demeanor
Respect and courtesy 
Thoughtfulness 
Assertiveness vs. submissiveness 
Independence vs. dependence 

4.  Communication

a. Language patterns
Verbal 
Nonverbal 

b. Arts and music 

c. Literature 

5.  Religion

a. Type (monotheistic, polytheistic, non-theistic)

b. Beliefs and practices

c. Rituals and taboos

6.  Social Systems

a. Economics
Occupational status and esteem
Measures of success 
Value and use of material goods

b. Politics 
Type of system 
Degree of influence in daily lives of the people

7.  Diet and Food Habits

a. Values (symbolism) and beliefs about food

b. Rituals and practices

H a n d o u t  1  •  p . 2
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1.  Brief History

a. Origins of the cultural group: Residents of Olympus Town originate from various countries on Earth (United States, 
Nigeria, France, Spain, Russia)

b. Location: Olympus Town, Mars 

2.  Value Orientations

a. General worldview: Residents of Olympus Town believe that the world and universe should be explored.

b. Code of ethics: Their code of ethics seems based on professionalism, shared vision, and a sense of trust for the best 
intentions. 

c. Norms and standards of behavior (authority, responsibility, dependability, competition, etc.): Residents display a 
high standard of professionalism when interacting; they don’t want to let each other down, and the only competition 
displayed is between Yue and Leslie over leadership and vision.

d. Attitudes toward:
Time: Time is usually of the essence in Olympus Town; in times of crisis, time to respond is based on the amount of 
supplies or oxygen available. 

Work vs. play or leisure: Residents are shown working far more than they are shown enjoying leisure time; during the 
dust storm, Oliver and other residents aren’t working because they’re unable to. 

Money: There is no specific mention of money in Olympus Town; the Mars Mission Corp (MMC) and the International 
Mars Science Foundation (IMSF) are very concerned about money, particularly, the potential to make money.

Education: All residents of Olympus Town have a positive attitude toward education, largely because they all are 
benefiting from being highly educated. 

Change: When things don’t go as planned, most residents adjust rather quickly out of necessity; however, in episode 
104, Marta says to Leslie, “We’re creatures of habit.”

Use of space: Modest use of space throughout the settlement, as livable space requires funds and construction; 
residents have small personal living quarters, communal spaces, and work spaces, including labs. 
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3.  Interpersonal Relationships

a. Family
Courtship and marriage patterns: Amelie and Javier’s relationship develops over time, and may have been kept secret; 
Leslie and John arrive on Mars as a married couple and their relationship reveals itself to be strained.

Kinship patterns: Because the population is so small, the residents seem to operate as a family; biological ties are 
mentioned only when characters are experiencing flashbacks or when Yue and Jun are communicating.

Family function (gender roles, traditions, decision-making): Women are the strongest leaders in Olympus Town; Yue 
takes on the role of “head of household” for their makeshift family on Mars.

Relationship to community: Family and community seem to be one and the same at this stage of settlement. 

b. Demeanor
Respect and courtesy: Respect is given based on occupational status from the start, and is later determined based on 
interactions (e.g.. Yue and Leslie’s relationship). 

Thoughtfulness: Residents are generally kind and considerate to one another, even in times of stress.

Assertiveness vs. submissiveness: Most residents of Olympus Town seem assertive, which likely derives from their 
confidence and occupational success prior to life on Mars.

Independence vs. dependence: Most Olympus Town residents process emotional turmoil independently but work, 
eat, and enjoy leisure time together; they also rely greatly on each other to do their jobs accurately, to ensure they 
remain safe. 

4.  Communication

a. Language patterns
Verbal: Verbal language patterns are similar to those on Earth, however, there is a delay in verbal communication to 
and from Earth (e.g., Yue and Jun’s video messages).

Nonverbal: Nonverbal cues such as body language and eye contact are similar to patterns on Earth.

b. Arts and music: Residents have an understanding, knowledge, and appreciation of arts and music based on their time 
spent on Earth prior to coming to Mars. 

c. Literature: Residents have an understanding, knowledge, and appreciation of literature based on their time spent on 
Earth prior to coming to Mars. 
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5.  Religion

a. Type (monotheistic, polytheistic, non-theistic): No specific religion is explicitly described or named. 

b. Beliefs and practices: Residents bury Ben Sawyer, and later, other deceased members of the settlement; they also visit the 
graveyard to pay respect to the dead.

c. Rituals and taboos: In “Crossroads,” Marta displays clear resentment toward John for ultimately killing himself and 
others, which suggests that murder and suicide are considered taboo in Olympus Town.

6.  Social Systems

a. Economics
Occupational status and esteem: Brought over from Earth, there is a clear sense of esteem associated with leadership 
positions held by members of the settlement. We see this particularly with Leslie and John Richardson.

Measures of success: There is a lot of mention of people’s success prior to coming to Mars (e.g., Ben’s reputation as an 
astronaut, Leslie’s reputation as a physicist, John’s reputation as a botanist). 

Value and use of material goods: On the one hand, the residents of Olympus Town rely on materials and supplies such 
as the suits they have to wear and the rover they use for transportation to keep them alive and safe. On the other hand, 
residents made no mention of a hierarchy of frivolous material goods. Materialism was not a part of Olympus Town 
culture. 

b. Politics 
Type of system: Olympus Town is a settlement, so ultimately, MMC and IMSF govern the town; Yue’s occupational 
status definitely puts her in a political position in Olympus Town, as most residents look to her when a decision must 
be made. 

Degree of influence in daily lives of the people: MMC and IMSF dictate the work that must be done in Olympus Town, 
who is allowed to live there, the resources that are distributed there, and much more. 

7.  Diet and Food Habits

a. Values (symbolism) and beliefs about food: At this stage in settlement, food is meant for nourishment only.

b. Rituals and practices: “Darkest Days” shows residents eating soy blocks together during the dust storm, which signifies 
a sense of community.
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Directions: 

One metaphor that is often used to explain the difference between visible and invisible parts of culture is an iceberg. Only 
about one-eighth of an iceberg is visible above the water; the rest is underwater. In the same way, certain cultural aspects are 
visible—dress and food for example—while others such as values and beliefs are not necessarily visible. Put the following list 
of cultural traits2 on the iceberg shown below, where you think they belong: 

Styles of dress

Ways of greeting people

Beliefs about hospitality

Importance of time

Values

Literature

Child-rearing beliefs

Attitudes about privacy and personal space

Beliefs about raising children

Holiday customs

Music

Celebrations

Concept of fairness

Friendship

Foods

Concept of self

Work ethic

Religious beliefs

Religious rituals

Concept of beauty

Rules of polite behavior

Attitudes toward age

Role of the family

2 Adapted from Building Bridges: A Peace Corps Classroom Guide to Cross-Cultural Understanding at http://files.peacecorps.gov/wws/pdf/BuildingBridges.pdf.

http://files.peacecorps.gov/wws/pdf/BuildingBridges.pdf
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Exceeds Expectations 
(3)

Approaching Expectations 
(2)

 Needs Improvement 
(1)

Listening Student listened intently  
and respectfully to classmates 
throughout the class 
discussion. 

Student listened intently and 
respectfully to classmates 
only for part of class 
discussion.

Student appeared to 
be “spaced out” during 
discussion and/or interrupted 
the speaker.

Speaking Student contributed several 
meaningful, relevant 
comments to class discussion.

Student contributed one 
meaningful, relevant 
comment to class discussion.

Student did not contribute to 
class discussion at all. 

Depth of Thought Student’s contributions 
showed deep understanding 
and thought.

Student’s contributions 
showed surface level 
understanding and thought.

Student’s lack of contribution 
to class discussion made it 
difficult to assess depth of 
thought.

Rubric 1: Class Discussion
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Meets/Exceeds Expectations 
(3)

Approaching Expectations 
(2)

 Needs Improvement 
(1)

Completion Student’s work is complete, 
with all parts present.

Student’s work is not 
complete; some elements  
are missing.

Student is missing a majority 
of the work.

Comprehension Student’s responses 
demonstrate exceptional 
understanding of MARS as 
well as the concept of culture. 

Student’s responses 
demonstrate minimal 
understanding of MARS as 
well as the concept of culture.

Student’s responses 
demonstrate little to no 
understanding of MARS or 
the concept of culture. 

Accuracy Student’s responses are 
accurate and based on 
evidence depicted in MARS.

Some of the student’s 
responses are accurate and 
based on evidence from 
MARS.

Student’s responses are not 
accurate and have not been 
based on episodes of MARS. 

Rubric 2: Handout 1: A Cultural Analysis of Olympus Town
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Rubrics for Evaluating Student 
Learning and Engagement

Teacher  Resource 2

Meets/Exceeds Expectations 
(3)

Approaching Expectations 
(2)

 Needs Improvement 
(1)

Creativity Student’s creativity regarding 
approach, design, and 
material use contributed  
substantially to the overall 
appearance of the iceberg. 

Student’s creativity regarding 
approach, design, and 
material use contributed 
only slightly to the overall 
appearance of the iceberg.

Student’s iceberg is lacking 
creativity, which took away 
from the overall appearance 
of the iceberg. 

Comprehension Student’s iceberg elements 
demonstrate exceptional 
understanding of MARS as 
well as the concept of culture. 

Student’s iceberg elements 
demonstrate minimal 
understanding of MARS as 
well as the concept of culture.

Student’s iceberg elements 
demonstrate little to no 
understanding of MARS or 
the concept of culture. 

Accuracy Student’s iceberg elements 
are accurate and based on 
evidence depicted in MARS.

Some of the student’s iceberg 
elements are accurate and 
based on evidence.

Student’s iceberg elements 
are not accurate and have not 
been pulled from episodes of 
MARS. 

Rubric 3: Handout 2: The ‘Iceberg’ Concept of Culture
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The Hazards of Mars:  
Programming an Interactive Story

Enduring Understandings 

• A trip to colonize Mars and survive on the planet 

would be a delicate, dangerous undertaking that 

would have to be planned and executed with nearly 

perfect precision to avoid death.

• Computer programming involves developing a logical 

plan that takes user inputs and provides predictable 

outputs.

• Computer technology can benefit the preparation of 

interactive, creative storytelling.

Essential Questions

• What sorts of hazards might colonists face when 

undertaking a trip to Mars?

• How does one write a computer program to create an 

interactive story?

Notes to the Teacher 

Purpose of the lesson

Programming is a modern and practical skill that allows one 
to control a computerized system and force it to repeat a series 
of actions. Computers are used widely in various businesses, 
especially in the technological and scientific industries, and 
programming skills tend to give prospective employees an 
advantage. Nationally, there have been recent calls from the 
National Science Standards for students to use simulations, 
and movements such as the “Hour of Code” (https://code.

org/) advocate for more young people to learn coding, or 
programming, at an early age. This lesson will provide students 
the opportunity to use programming in creative ways. A rubric 
is provided to help you assess student learning from this lesson.

Overview 

The exploration of Mars by humans requires addressing 
the hazards the planet presents that could affect or even 
extinguish human life. Frequent dust storms can corrode 
or clog the equipment necessary to sustain life. The dust 
itself could contain toxic chemicals such as chlorine, sulfur, 
and chromium that, if breathed in, could sicken humans.1 
Radiation is also an issue, because it may cause astronauts to 
develop cancer. According to NASA, 

“Deep space is filled with protons from solar flares, 
gamma rays from newborn black holes, and cosmic rays 

1 http://www.nytimes.com/2002/05/14/science/a-head-start-on-potential-hazards-for-mars-explorers.html

https://code.org/
https://code.org/
http://www.nytimes.com/2002/05/14/science/a-head-start-on-potential-hazards-for-mars-explorers.html
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The lesson ends with a student social, where students play 
each other’s games, leaving comments and reflecting on their 
work. This lesson uses an open-source visual flowchart-style 
programming language called Twine. You should prepare 
for this project by becoming familiar with Twinery, an 
open-source online Twine editor (https://twinery.org), and 
by completing the attached Twinery Guide handout. All 
images are captured from the lesson writer’s own work on 
Twinery.org.

One caution about Twinery: The program automatically 
stores and saves any stories created into the local cache of the 
computer running the Web browser; it allows anyone using 
that computer to edit any stories that have been prepared, 
even if they didn’t create it. If students need to use public 
computers while working on this project, or if they may 
change computers between work sessions, have them click 
the option to “Publish to File” and save the resulting .html 
file, either by saving it on a USB drive or by emailing the file 
to themselves. During the next work session, students can 
access the “Story List” menu in Twinery by clicking the house 
icon on the bottom left of the story-editing screen. They can 
then click on “Import From File” to load their saved .html 
file and begin editing from where they left off. Students who 
have a dedicated personal computer can simply log on to 
Twinery wherever they are to begin editing their stories, but 
they should be warned to “Publish to File” often as well, in 
case they accidentally clear their cache or if they have their 
browser delete all user settings regularly.

from exploding stars. A long voyage to Mars, with no big 
planet nearby to block or deflect that radiation, is going 
to be a new adventure.”2

The likelihood of seeing little green Martians is nil, but the 
possibility of discovering microbial life forms that could 
infect humans is real. 

Even alighting on Mars can be dangerous because the planet’s 
gravity can lessen the chance of a soft landing. And with the 
current state of technology, humans have been unable even 
to bring back soil samples or rocks from the planet because 
the amount of fuel needed to launch from the planet’s surface 
is too great; it is unlikely, given what we know today, that a 
mission to return to Earth would be possible.3 Add to these 
risks the difficulty of exploring unknown terrain and the lack 
of established medical facilities in case of an accident, and the 
dangers of such exploration are clear.

In Part 1 of this lesson, students will learn about the hazards 
faced by humans attempting to develop a base on Mars. They 
will plan out a simple story that features characters making 
choices of how to deal with these hazards. In Part 2, students 
participate in a simple programming task that has them 
design their own interactive, creative story in a style similar 
to classic “Choose Your Own Adventure” books. The story 
will be themed about Mars travel and survival, and students 
will have to devise their own dilemma, a hazard on Mars 
that the players find themselves in, where there are multiple 
options for action. This story will be supported by evidence 
pulled either from MARS episodes or independent research. 

2  http://science.nasa.gov/science-news/science-at-nasa/2004/17feb_radiation/ 
3 http://www.telegraph.co.uk/news/science/space/10200818/Dangers-of-a-manned-mission-to-Mars.html

https://twinery.org
http://science.nasa.gov/science-news/science-at-nasa/2004/17feb_radiation/
http://www.telegraph.co.uk/news/science/space/10200818/Dangers-of-a-manned-mission-to-Mars.html
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For more advanced programming, replace Twinery with 
Python, a professional programming language. This option 
provides less structure for the students, and students 
who opt for it should be encouraged to search online 
regarding questions about structure and errors in their code 
independently. Students composing their stories in Python 
have the same requirements, but the added difficulty of Python 
coding and the independent nature of problem solving with 
Python; thus this option is for more advanced students. 

Definition and Background of Programming

Computer programming is a set of instructions given to a 
computer to execute a task. Programming is a general term, 
and there are various languages that computers interpret. The 
field of computing and programming is actually a subset of 
mathematics, and often advances in abstract mathematics 
lead to innovative new programming and computing 
methods. A few of the most popular programming languages 
are C++ (pronounced See Plus Plus), C# (pronounced See 
Sharp, slightly different from C++), Python, Java, JavaScript 
(distinct from Java), PHP, Assembly, Ruby on Rails, and 
SQL (pronounced sequel, or simply spelled out). Each 
language has various benefits and drawbacks that are usually 
specific to how each language was designed to be used; for 
instance PHP, JavaScript, and Ruby on Rails are often used 
for programming websites, whereas SQL tends to be used 
exclusively for manipulating large databases. Video games 
often use the language of C++, C#, or Java.

Programming languages are not directly interpreted by the 
physical electronics, called the hardware, of a computer. 
Software is the name for the virtual objects manipulated by 
the hardware. Each programming language has a compiler 
that translates the program into commands that can be 
understood by the hardware. The electronics are hard-wired 
to understand binary code, which is simply a series of zeroes 
and ones that eventually work to activate small electric pulses 
(the pulse is either on or off, which maps directly to the input 
series of zeroes and ones) which the electronics use through 
a complicated web to carry out the intended actions of the 
user. Sometimes this happens in the background and isn’t 
visible, as is the case for most Web design apps, which allow 
one to program a website by dragging objects around on a 
grid while the program writes code and compiles it on the 
fly to match what the user sees (these apps are referred to as 
WYSIWYG, or What You See Is What You Get). 

Be sure to review the example C code that appears in the 
procedure and ensure that you can explain the facets of the 
small amount of code.

L e s s o n  3   (CREATIVE WRITING,  PROGRAMMING,  SCIENCE)
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Anxieties

Programming is a career and skill set that is often associated 
with people with technical prowess and, in a way similar to 
mathematics, it can sometimes cause anxiety in students. It is 
important to be aware of this before conducting this lesson, 
as some students may be pushed well beyond their comfort 
zone, especially any students who self-identify as “not 
computer people.” Every person can learn programming, 
and students who tend to be anxious may be surprised 
as to how quickly they can pick up the language and often 
experience huge confidence gains when they complete a 
meaningful program, but they still sometimes struggle to 
overcome the initial overwhelming experience of being asked 
to do something they do not think they are capable of. An 
important antidote to this type of anxiety might come from 
awareness of the longtime diversity gap in the profession 
of programming, characterized especially by a vast 
underrepresentation of women enrolled in computer science 
education programs and in computer science jobs. However, 
in 2014 the Bureau of Labor Statistics reported that women 
made up 46.9 percent of the computer and information 
technology labor force.4  

Extra Resources and Ways to Expand

• Twinery (https://twinery.org) is a free programming 
platform for open-source, browser-based flowchart 
style interactive storytelling.

• Repl.it (https://repl.it/) is a free, browser-based Python 
coding platform that allows for programs to be saved 
on the cloud and contains a terminal to test programs.

• Codecademy (https://www.codecademy.com/) is an 
excellent free instructional tool that walks students 
beyond the basics of myriad programming languages in 
a similar style to that of Khan Academy, for any students 
interested in pursuing a career in programming.

• Khan Academy (https://www.khanacademy.org/

computing) has a few modules about computing that 
act as a great introduction to the career, but covers only 
basics.

• CodeBender (https://codebender.cc/) provides a 
Web browser-based coding platform for Arduino 
microcontrollers, which can be used for creating 
physical robots and sensors.

• Computing has a rich history that could lend itself 
well to an independent study and is one of the few 
technologies where women are responsible for a large 
number of key advancements, including women such 
as Grace Hopper, Edith Clarke, Ada Lovelace, and 
the ENIAC Programmers (http://eniacprogrammers.

org/). The Computer History Museum has an excellent 
YouTube channel full of informative videos and 
interviews that can be found on the following link: 
https://www.youtube.com/user/ComputerHistory.

4  https://www.dol.gov/wb/stats/Computer_information_technology_2014.htm

https://twinery.org
https://repl.it/
https://www.codecademy.com/
https://www.khanacademy.org/computing
https://www.khanacademy.org/computing
https://codebender.cc/
http://eniacprogrammers.org/
http://eniacprogrammers.org/
https://www.youtube.com/user/ComputerHistory
https://www.dol.gov/wb/stats/Computer_information_technology_2014.htm
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Duration of the Lesson 

Three 90-minute class periods, plus time to research 
(one hour of student time) and to prepare interactive 
stories (one to four hours of student time)

Assessment 

Interactive Story Research and Planning Guide 

Interactive Story Presentation

Exit Ticket Reflection handout

Materials

Handout 1: Interactive Story Project: 
Requirements and Planning Guide

Handout 2:  Introducing C Code

Handout 3: Twinery Guide

Supplement 1—MARS Twinery Example (html)  
https://journeysinfilm.org/code/

MARSTwineryExample.html

Supplement 2—MARS Twinery Example 
(Programming) http://bit.ly/2bauF92

Handout 4: Python 3.0 Reference

Supplement- MARS Python 3.0 Example  
https://repl.it/CkLN/0

Handout 5: Story’s End

Handout 6: Exit Ticket Reflection

Computer access

Cardstock (or thick paper)

Light refreshments (optional, if appropriate)

Common Core Standards addressed by this lesson

CCSS.MATH.PRACTICE.MP3.  
Construct viable arguments and critique the reasoning  
of others.

CCSS.ELA-LITERACY.RH.11-12.7. 
 Integrate and evaluate multiple sources of information 
presented in diverse formats and media (e.g., visually, 
quantitatively, as well as in words) in order to address a 
question or solve a problem.

CCSS.ELA-LITERACY.RST.11-12.4.  
Determine the meaning of symbols, key terms, and other 
domain-specific words and phrases as they are used in a 
specific scientific or technical context relevant to grades 
11-12 texts and topics.

CCSS.ELA-LITERACY.RST.11-12.9.  
Synthesize information from a range of sources (e.g., 
texts, experiments, simulations) into a coherent 
understanding of a process, phenomenon, or concept, 
resolving conflicting information when possible.

https://journeysinfilm.org/code/MARSTwineryExample.html
https://journeysinfilm.org/code/MARSTwineryExample.html
http://bit.ly/2bauF92
https://repl.it/CkLN/0
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Procedure 

Part 1: Interactive Story Planning and Research

1. Begin class by asking students what kind of math would 
be needed to plan a trip to Mars. Ask follow-up questions 
such as these: 

How do we know where to point the ship?
How do we plan for how long inhabitants can 
survive on the planet?
How much fuel should be included? (Adding 
more fuel adds more mass, meaning it takes 
more fuel to launch from Earth.)

Guide the discussion toward the fact that the math 
involved is complicated and interrelated, and that 
computers are performing the majority of calculations. 
Ask whether humans can make the necessary calculations 
without computers, and whether they can use manual 
controls to set rocket booster angles and timing. Tell 
students that logic and automation control everything, 
including calculating solutions to equations and setting up 
the equipment. Each of these controls is guided through 
automated step-by-step procedures. For instance, a sensor 
in the cabin might notice when the oxygen gets too low to 
be safe for humans and cause an oxygen tank to open for 
a precise amount of time to bring the oxygen levels to a 
preset value known to be safe. Tell students that the act of 
preparing these procedures and having computers carry 
them out is called programming. Explain that this lesson 
will answer the question: How does programming work 
and what does it look like?

Next Generation Science Standards  

addressed by this lesson 

HS-ETS1-1. 
Analyze a major global challenge to specify qualitative 
and quantitative criteria and constraints for solutions that 
account for societal needs and wants.

HS-ETS1-2.  
Design a solution to a complex real-world problem 
by breaking it down into smaller, more manageable 
problems that can be solved through engineering.

HS-ETS1-3. 
Evaluate a solution to a complex real-world problem 
based on prioritized criteria and trade-offs that account 
for a range of constraints, including cost, safety, 
reliability, and aesthetics, as well as possible social, 
cultural, and environmental impacts.
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2. Explain that students will write an “Interactive Story” 
by doing some creative writing to describe hazards that 
visitors on Mars might encounter. Each hazardous 
situation should include at least two possible choices that 
the player could make, with different outcomes. They 
must defend the existence of such potential hazards with 
evidence, either citing a scene from the MARS episodes 
viewed or citing some legitimate outside source. The 
storyline must provide the player with at least two distinct 
hazardous situations before the end.

3. Review with students some of the hazards faced by the 
crew of the Daedalus in the MARS episodes. (See Notes to 
the Teacher.) Brainstorm ideas about situations the main 
characters found themselves in, and what might have 
happened if they had made a different decision. 

4. Ask students if they can think of any additional dangers 
that a human being on Mars might face. Allow some time 
for students to research this question independently.

5. Distribute Handout 1: Interactive Story Project: 

Requirements and Planning Guide and read through it 
with your students, answering any questions they may have. 

6. Discuss how to pick interesting dilemmas to put players 
in. Explain to students that a compelling game will have 
interesting and difficult choices. Some possible questions 
for brainstorming:

a. What if the player had to pick between members 
of the crew with different specialties and skills for 
repairing something on the ship? The choice might 
have an impact on the next problem that follows—
would the chosen member of the crew be able to solve 
the problem? 

b. What if the colony on Mars lost some crop due to a 
seal breach, and so the players had to choose between 
two types of different crops to replant: one that used a 
lot of water and grew fast and one that use little water 
and grew slowly?

c. Little dilemmas work well, too. What if the settlers had 
to choose to go left or right at a fork, where left had 
clear cover for rolling dust storms and right didn’t?

7. Have students begin planning their stories, using Handout 

1. Ensure that each of the students is actually demonstrating 
the reality of the hazards they describe and the outcomes 
with evidence either from MARS episodes or external 
research. This handout should be completed as homework.

Part 2: Programming

1. Introduce students to programming as a concept, covering 
the information below:

• Programming is done through a tool called a 
programming language. 

• A programming language is a language much like any 
other, but it is used to communicate with computers 
rather than people. 

• The language is highly specific. For example, 
capitalization can change how a computer reads the 
program because it doesn’t understand and interpret 
words the way humans do; it understands letters and 
numbers as if they were just meaningless images. A 
person can understand a sentence if words are spelled 
wrong, if punctuation is missing, or even if incorrect 
words are used, but a computer cannot make such 
deep connections to correct what the programmer is 
attempting to say. 
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4. Guide students to Twinery (https://twinery.org) and have 
them begin programming their stories. Remind them 
to follow the Twinery Guide handout if they need to 
remember how to connect their events, or need a reference 
for general syntax.

5. Circulate to check on individual students to verify that 
they are on track and to answer questions. Encourage 
students with high anxiety by providing detailed guidance 
through one event.

6. Allow students who don’t finish in class to complete their 
story as homework. Students who finish early should work 
to make their story more interesting and compelling, or 
you can ask them to help classmates who may be having 
problems with the assignment.

7. To prepare for sharing their stories, have students create 
a cardstock placard for their story, giving it a name and  
a single sentence that summarizes it without revealing  
any spoilers. 

Part 3: Student Social and Reflection

1. (Optional) Provide light refreshments for the students, if 
appropriate for the school’s setting. This can provide an 
air of legitimacy for the event, but remind students to be 
careful with food or drink near computers.

2. Have students open their stories on their computers and 
place their placard in front of their computer. 

3. Distribute Handout 5: Story’s End. Have students fill 
out the “CREATOR” information and leave the handout 
by their placard. 

• Each programming language has its own rules, 
spelling, and grammar; the combination of all of those 
things is referred to by programming languages as 
syntax. 

• When programming, if there are mistakes in syntax, 
even as small as a space in the wrong place, the 
computer will not be able to complete the task that the 
programmer wants it to do.

2. Tell students that one of the earlier programming 
languages was called “C,” pronounced like the letter. 
Project the following example of C code, which can be 
found at http://codepad.org/41KztNWX. 

int Counter=0;
while ( Counter<100 ) {
 Counter=Counter+1;
 printf("%d\n", Counter);
}
return 0;

Distribute Handout 2: Introducing C Code and go 
through it with your students. Stress with students that 
you are showing them this only so that they understand 
what a programming language looks like. They are going 
to use a simpler program called Twinery for their stories. 

3. Distribute Handout 3: Twinery Guide and give students 
some unstructured time to familiarize themselves with 
Twinery. Provide the level of support and instruction 
necessary for the particular class you are teaching. If some 
students opt for Python, distribute Handout 4: Python 

3.0 Reference to them.

https://twinery.org
http://codepad.org/41KztNWX
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4. Have students download .html files for their Twine 
files and collect all of them on a flash drive for grading 
purposes.

5. Tell students that they may play through a given story 
only once, and must complete the “PLAYER” section on 
the Handout: Story’s End in front of that story after 
finishing the story.

6. Each student is responsible for completing three 
“PLAYER” sections, and each story contains only four 
“PLAYER” sections. Extra “PLAYER” sections may not be 
added. Give students playing time until 15 minutes before 
the end of class. (Give them a heads-up five minutes before 
they should complete their stories.) Remind students to 
keep track of which creators they wrote their “PLAYER” 
sections for. 

7. Fifteen minutes before the end of class, gather the class 
and distribute Handout 6: Exit Ticket Reflection. Have 
students sit quietly at their desks when they complete it, 
and collect the handouts as students leave.
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What you will do

Write and program an interactive story that explores hazardous dilemmas that Mars colonists may face.

Things for you to think about

A trip to colonize Mars and survive on the planet would be a delicate, dangerous undertaking that must be planned out and 
executed with nearly perfect precision to avoid death.

Programming involves creating a logical plan that takes user inputs and provides predictable outputs.

Technology can benefit organization and interactive, creative storytelling.

Requirements

Develop an interactive text story that forces the player to deal with at least two hazardous dilemmas, each presenting 
choices and at least two distinct, meaningful outcomes. Each playthrough must have at least two dilemmas, even if that 
means that the story actually contains three or more dilemmas, but some aren’t ever seen because of the path the player 
chooses.

Defend your story decisions using evidence found either in the MARS episodes or through an academic source. Check 
with your teacher if you are unsure if a source is academic.

Present your story in a class-wide social, and play at least three other students’ stories.

Complete and turn in the Interactive Story Research and Planning Guide and the Exit Ticket Reflection (which is 
Handout 6).
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General Grading Guide

Distinguished: The story contains a complicated, interconnected story with meaningful choices that are well grounded 
in reality and scientifically defended.

Basic: The story meets the requirements above and is scientifically accurate.

Any stories that contain events that are not reasonably hazardous or defended scientifically, or do not meet the requirements 
above, will not be considered adequate.

Advanced Option — Using Python

Students who desire an extra challenge or are interested in pursuing programming as a career should consider writing 
their interactive story using the programming language Python 3, rather than Twine. This is substantially more difficult 
and independently driven, but Python 3 is a legitimate, widely used programming language. Ask your teacher for a Python 
Guide if you are interested.
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B. Interactive Story Research and Planning Guide

Describe the first hazardous dilemma: Defend the situation with evidence: Source:

Write the exact text your players will see when confronted with the hazardous dilemma:

Explain the first choice and outcome: Defend the outcome with evidence: Source:

Write the exact text your players will see for their choice and the outcome:

Explain the second choice and outcome: Defend the outcome with evidence: Source:

Write the exact text your players will see for their choice and the outcome:
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(Optional) Explain any further choices  
and outcomes: Defend the outcome(s) with evidence: Source:

Write the exact text your players will see for their choice(s) and the outcome(s):

Describe the second hazardous dilemma: Defend the situation with evidence: Source:

Write the exact text your players will see when confronted with the hazardous dilemma:

Explain the first choice and outcome: Defend the outcome with evidence: Source:
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Write the exact text your players will see for their choice and the outcome:

Explain the second choice and outcome: Defend the outcome with evidence: Source:

Write the exact text your players will see for their choice and the outcome:

(Optional) Explain any further choices and outcomes: Defend the outcome(s) with evidence: Source:

Write the exact text your players will see for their choice(s) and the outcome(s):
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int Counter=0;
while ( Counter<100 ) {
 Counter=Counter+1;
 printf(“%d\n”, Counter);
}
return 0;

The following example of C code can be found at http://

codepad.org/41KztNWX. 

Let’s break down what this means. A computer reads any 
code input into it in order, starting by executing the first 
command it comes across and completing that command 
fully before beginning the second command. In C Code, 
commands are organized into lines to help the user interpret 
the code and so errors can send the user to a specific line. The 
first line, ‘int Counter=0;,’ creates a new variable, a place to 
store a number, and calls it Counter. Since it uses the code 
‘int,’ the C language understands that this variable is limited 
to only being an integer, like -1, 0, 1, etc. Since the code says 
‘Counter=0’ it stores the number zero in this new variable 
Counter.

The next word ‘while’ tells the code to repeat itself until 
some event happens, which the programmer specifies in the 
round parentheses. In this case, it’s ‘Counter<100,’ so as long 
as that variable Counter is less than 100, the program will 
repeat the section in the curly brackets. That section says 
‘Counter=Counter+1;,’ which actually works backward: It 
tells the computer to add 1 to whatever is stored in the variable 
Counter, then store the result back in Counter, overwriting 
its previous state. The first time the program runs this line 
of code it will change Counter from 0 to 1. The second 
time through, Counter will be changed to 2, the third time 

Counter will be changed to 3, and so on. The line that says 
‘printf(“%d\n”, Counter);’ tells the computer to display, or 
print on the screen, the current value for Counter. The ‘%d’ 
part tells the code to display a number (d stands for decimal), 
the ‘\n’ part then creates a new line (n stands for new line), 
so the next number will be on a new line on the screen rather 
than piling up in a row. The ‘, Counter’ part tells the ‘%d’ part 
which number to display; in this case it will be our variable 
Counter. Those two lines will repeat, constantly adding one 
to Counter and displaying that number until it reaches 100. 
Once that happens, the code leaves the curly bracket and 
runs the part that says ‘return 0;,’ which ends the program.

You might have noticed little semicolons after a majority of 
the lines. That’s a punctuation mark in C programming that 
means the end of a line, like a period ending a sentence. All 
of these marks, words, and symbols are just following the 
C programming rulebook, and a clever programmer can 
arrange them to make a computer perform an action in a 
specific, predictable way.

Usually, when people are coding, they’ll have a little cheat 
sheet of useful code open in front of them until they become 
fluent, like learning a spoken language and using a translating 
dictionary. In this project, we won’t be using C code, but a 
unique, simpler programming tool specifically designed 
for making interactive stories, Twinery.org. If coding is 
something you are really interested in, there will be an option 
to write your story in a language similar to C, called Python 
3.0, which is a coding language that is widely used.

http://codepad.org/41KztNWX
http://codepad.org/41KztNWX
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Twine is an open-source programming language for creating 
interactive stories.

The link for Twinery, a free online Twine editor, can be 
found here: https://twinery.org .

A sample portion of a story can be found here: https://

journeysinfilm.org/code/MARSTwineryExample.html.

The programming for the passages in the sample story can be 
found here: http://bit.ly/2bauF92 .

One caution about Twinery: The program automatically 
stores and saves any stories created into the local cache of 
the computer running the Web browser; it allows anyone 
using that computer to edit any stories that have been made, 
even if he or she didn’t create it. If you are using a public 
computer while working on this project, or if you expect to 

change computers between work sessions, click the option to 
“Publish to File” and save the resulting .html file, either by 
saving it on a USB drive or by emailing the file to yourself.

During your next work session, you can access the “Story 
List” menu in Twinery by clicking the house icon on the 
bottom left of the story-editing screen. You can then click on 
“Import From File” to load your saved .html file and begin 
editing from where you left off.

If you are using your personal computer for this project, you 
can simply log on to Twinery to begin editing your story. It 
would be a good idea to “Publish to File” often as well, in case 
you accidentally clear your cache or if you have your browser 
delete all user settings regularly.

https://twinery.org/
https://journeysinfilm.org/code/MARSTwineryExample.html
https://journeysinfilm.org/code/MARSTwineryExample.html
http://bit.ly/2bauF92
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Getting Started

Upon first logging in to https://twinery.org, begin your story by clicking the “+ STORY” button on the right side of the 
screen. This will open up a new menu that has a grid with a single square in the middle that looks like this:

These boxes are called “Passages” and contain the text the player will see and programming for each event. The four 
buttons underneath the passage, in order from left to right, are “Delete” (delete the passage), “Edit” (edit the passage), 
“Debug” (view the passage while seeing otherwise hidden code), and “Start Here” (start the story from the selected 
passage). Double-clicking the passage will also bring up the editing menu, which looks like this:

The title of the passage can be entered here, which is never shown to the player. Tags may be entered for the passage, 
which are ways to organize passages especially helpful for keeping track of certain pathways the player might take. The 
bottom part of the editing menu is where text that the player might see is entered, as well as hidden code that allows the 
creator to program events into the story.

https://twinery.org
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Connecting Passages

To create a connection between passages, code must be written. This is written in the passage-editing menu, and is 
entered like normal text with symbols around it. These symbols tell the system that the writer is intending to write code, 
and automatically hide whatever is within the symbols to the reader. The code then runs in the background, each line 
being executed step by step, in a row from left to right, top to bottom. A sample passage with code that creates a new 
connection is shown below:

This passage will then automatically generate three more passages, when the editor is closed, and automatically connect 
them with arrows, which looks like this:



J o u r n e y s  i n  F i l m :  M A R S

Twinery GuideH a n d o u t  3  •  p . 4

L e s s o n  3   (CREATIVE WRITING,  PROGRAMMING,  SCIENCE)

You can use the syntax used in the example (syntax means the grammar and punctuation needed by programming 
languages, or the pattern of symbols a programmer must use in order to be understood by the program) [[PASSAGE 
NAME]] to connect to previously created passages using their name. The resulting story, when played, looks like this:

Each link in this example will lead to an empty passage that simply reads, “Double-click this passage to edit it.” as the 
outcome passages made have not yet been edited. A story can be played by clicking the play button on the bottom toolbar 
when viewing the whole story’s layout:

You will find, on this toolbar, the quick find search bar that will search passages for certain tags, three different buttons 
made of squares that will create a different view of the story layout, a button labeled “Test” that will play through the 
game with normally hidden code and variables visible, a button labeled “Play” that will play the story, and a button 
labeled “Passage” that will create a new passage which will not be connected to any other.
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Using Variables

Variables can allow a programmer to keep track of user choices and data. Numbers, letters, or words can be stored in 
variables, and they can be used in the story to change what the player sees. The syntax for a variable is a dollar sign; for 
instance, Twine will recognize $Speed as a variable named “Speed.” Using the code (set: ), as seen in the example below, 
can allow the creator to set a variable to a certain value (note that words and letters should be contained in quotes, while 
numbers should be by themselves, which is reflected in the example). Using the code $VariableName in the middle of the 
text will simply display whatever is stored within the variable. Example:

It replaced $Name with Stephanie, as that was stored in that variable earlier, and similarly replaced $Speed with the number 
5.

Variables can be used to alter what the players see based on their choices using the (if: ) code as seen in the example 
below. The (if: ) code checks to see if a variable is set to a specific value, and carries out some code if that variable is the 
predicted value.

Notice that the syntax for the (if: ) code requires parentheses around the test for the variable, and the parentheses are 
followed with single square brackets that contain text and code that will only be carried out if the test is true. When the 
above code is run, the result is shown below:

Since the variable “Choice” was set to “Yes” at the start of this code, only the text “Wow, there’s a new Option 4!” will 
be displayed, which was the text inside the square brackets immediately following the test for $Choice is “Yes.” Notice 
that other syntax can be present inside of the square brackets here, as this example creates a whole new passage called 
“Option 4” using the code [[Option 4]] inside of the square brackets. The second test, which checks to see if $Choice is 

This code will produce the following, when run:   
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not “Yes,” is not true, and so the text in the square brackets after that test is not displayed. If the code were to set $Choice 
to be a different word than “Yes” with a capital Y, then only the text “There doesn’t seem to be anything here…” would 
be displayed. As an example, if the first line of code were replaced with:

                         or         (Note: this has a lowercase y)

The results would look like: 

Note that variables are saved in the story and can be used in later passages from when they were first set.

Mathematical tests can be performed on variables 
that use numbers, like in the example at right:

This example will display the text “The number is good.” if the variable $Number is less than 4, and it will display the text 
“The number is bad.” if the variable is greater than or equal to 4.

There is an important distinction between variables that store numbers and variables that can store letters and words, 
called “strings.” A string-type variable is a series of characters (letters, numbers, or punctuation symbols) and uses the 
characters as if they are simply images, whereas a number-type variable can perform mathematical operations such as 
addition on stored numbers. It is important to note that a number, like “4”, can be stored as a string-type variable as if it 
was just a character. For instance, one could store “a,” “This Variable is 4,” or simply “4” into a string-type variable called 
$Name. Errors with variables are usually caused by this distinction, where the programmer is attempting to use math on 
a number-type variable and instead uses a string-type variable. This is demonstrated in an example below:

Clearly, it doesn’t make sense to add 1 to the letter “a,” but if a user enters “4” for his or her name, it doesn’t seem so clear 
anymore if it makes sense to add 1 to that variable or not. If a computer expects a string-type variable, it cannot perform 
mathematical operations, like addition, on that variable. In Twine, a string-type variable has quotes around it, and there 
is code, (num: ), that can translate a string-type variable into a number-type variable, as seen in the example below:
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Advanced Programming Options

One can accept input from a player, having the player type in a response that can then be stored as a variable, using the 
example below:

This will open up a text box that will display the words “Type in your name, please:” with an empty text box and two 
buttons that say “OK” and “Cancel.” If nothing is typed in, the variable will be set to the symbol “0.” Use the example 
below to accept input in the form of a number that can then be used in mathematical operations:

For more guidance on using Twine, go to the following link: https://twine2.neocities.org/.

CODE USE

$VariableName Displays a variable
(set: ) Sets a value to the setting in parentheses, usually a variable
(if: )[ ] Checks for a variable setting in the parentheses, then runs the code in square brackets if it’s 

true
(else-if: )[ ] Use after an “if,” or another “else-if” to check another setting, only running the code in the 

square brackets when the previous “if” setting was false and this setting is true.
(else: )[ ] Use after an “if” or “else-if” to run code in the square brackets when all previous “if” statements 

are false.
(unless: )[ ] Checks for a setting in the parentheses, and only runs the code in square brackets as long as 

that setting isn’t true
(either: ) Randomly pick among a list, placed in the parentheses.
(num: ) Convert a string-type variable that contains a number to a number-type variable.
(prompt: ) Create a text box displaying a string set in the parentheses that allows user input.
(font: )[ ] Change the font of the text in the square brackets to a font named in the parentheses.
(text-color: )[ ] Change the color of the text in the square brackets to a color named in the parentheses.
(text-rotate: )[ ] Rotate the text in the square brackets by a number of degrees set in the parentheses.
(text-style: )[ ] Give an effect to the text in the square brackets according to the effect named in the parentheses. 

The following effects can be used: “bold,” “italic,” “underline,” “strike,” “superscript,” 
“subscript,” “blink,” “mark,” “delete,” “outline,” “shadow,” “emboss,” “condense,” “expand,” 
“blur,” “blurrier,” “smear,” “mirror,” “upside-down,” “fade-in-out,” “rumble,” “shudder”

Use the table below as a reference for code, including some code that has not been explained above. Try to experiment!

https://twine2.neocities.org/
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Getting Started

Upon first logging in to repl.it, the user is greeted with two screens that look like this:

The screen on the left is the programmers’ workspace, where they will enter and edit their code, using the three, labeled 
buttons to share, save, and run code. The screen on the right is called the “terminal”; it displays the results of the code.

The very beginning of the program is where the creator should declare variables and include any libraries wanted. A library 
is a collection of extra functions that a programmer can use in code that are not available by default in Python. For instance, 
there is a Python library called “time” that allows the programmer to display and perform mathematical operations on the 
current time, as displayed by your computer. Declaring variables simply means giving a name to a new variable and storing 
a default value in it. An example library and declared variable at the start of a program are shown below:

Python 3.0 is a powerful open-source programming language.

The link for repl.it, a free online Python editor, can be found here: https://repl.it

A sample program can be found and run here: https://repl.it/CkLN/8. 

(Note: This Python guide is intended to provide an advanced challenge for this project and does not explain some of the basics 
of programming and is merely an introduction to Python. Students using Python should search and use additional Python 
guides and tutorials. See, for example, https://www.codecademy.com/learn/python)

Python 3.0 Reference

https://repl.it
https://repl.it/CkLN/8
https://www.codecademy.com/learn/python
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Loops, If Statements, and Tabs

In Python, a lot of syntax that is usually used in other programming languages for program flow is simply done through 
organization of tabs, new lines, and spaces. In C programming, the user has to write a semicolon at the end of a line to 
signify that the computer should move on, but Python does that automatically when the programmer enters a new line 
of code. Similarly, C programming has the programmer put the actions undertaken by a loop or “if” statement inside of 
brackets, whereas Python just looks for indentation in front of the lines of code used by the loop or “if” statement. This is 
demonstrated in an example below:

Notice that in this example, the “while” loop contains everything in lines 3–6, and so there is one indentation level. Line 4 
has two indentation levels because that is the “if” statement’s actions, and that “if” statement is nested into the “while” loop. 
During any runthrough of the loop, line 4 will not be run by the computer unless that “if” statement is true, but then line 
5 goes back down to one level of indentation, so that action will be performed on every runthrough. Notice, too, that the 
conditional statement inside the “while” loop (in this example, “Counter < 5:”) includes a mathematical comparison (less 
than) that results in a true or false statement when assessed, and the conditional knows to end when there is a colon. This 
is one of the few times in Python that programming flow is indicated by punctuation. These types of statements are often 
referred to as Boolean data, named after the scientist George Boole. The word “Boolean” means that the data must be only 
one of two values: either true or false. The statement itself will actually work like a mathematical equation for the computer 
to evaluate, but instead of giving a number back to the user, like “1+1+4” would give “6”, a Boolean would give “true” or 
“false.” A few other examples of conditional statements that might be found in a loop or if statement can be found below:

H a n d o u t  4  •  p . 2 Python 3.0 Reference
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There is an important distinction to notice between equals signs used in conditionals, like “if” statements and “while” 
loops, and equals signs used to set variables. In general, using a single equals sign sets a variable to a desired setting, while 
using two equals signs checks to see if that variable is set to a desired setting. 

Printing text and accepting input are two ways to interact with a user, and those can be done according to the example 
below:

Reference Table of Commands

Use at the end of a series of “if” and “elif” statements to run desired code only when all of the previous settings are false.

For more guidance on using Python, use the following link: https://docs.python.org/3/index.html.

H a n d o u t  4  •  p . 3 Python 3.0 Reference

COMMAND USE

print (“”) Display text.
input (“”) Allows the user to type a response, displaying some text
while : Checks a conditional statement, then repeats specific code while that statement is true
if : Checks a conditional statement, then runs specific code only when that statement is true
elif : Use after an “if,” or another “elif” to check another conditional, running the desired code only 

when the previous “if” setting was false and this setting is true.
else: Use at the end of a series of “if” and “elif” statements to run desired code only when all of the 

previous settings are false.
quit() Quits out of the program
import Imports a programming library to have access to new commands
# Turns anything in the line after it into a “comment,” which is not read by the computer and 

serves only as notes for the programmer. Can be used to deactivate lines of code.
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STORY NAME:

CREATOR:

PLAYER ONE: PLAYER TWO: PLAYER THREE: PLAYER FOUR:

Briefly explain the path  
you took:

Briefly explain the path  
you took:

Briefly explain the path  
you took:

Briefly explain the path  
you took:

Describe a choice you made 
and explain why:

Describe a choice you made 
and explain why:

Describe a choice you made 
and explain why:

Describe a choice you made 
and explain why:

What was the highlight of 
the story?

What was the highlight of 
the story?

What was the highlight of 
the story?

What was the highlight of 
the story?
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NAME:

Explain what it takes to create an interactive program:

Explain a hazard that colonists on Mars might experience and how they might overcome that hazard safely:

How did this project go for you? Reflect on your working habits and how you might improve them in the future.
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Requirements

 Student’s interactive story forces the player to deal with at least two hazardous dilemmas, each presenting choices and  
at least two distinct, meaningful outcomes, each playthrough.

 Student has presented his or her story and played at least three others.

 Student has turned in the Interactive Story Research and Planning Guide and the Exit Ticket Reflection.

A
(20 points each)

B
(15 points each)

C
(10 points each)

Needs Revision
(0 pts each)

Story: 
Writing

The student’s story 
is interconnected, 
complex, and 
interesting, with no 
mechanical errors. 
Choices made in-game 
have a meaningful 
effect on the story.

The student’s story is 
complex and interesting, 
but may contain a few 
mechanical errors. 
Choices made in-game 
have a meaningful effect 
on the story.

The student’s story is 
simple and readable, 
but may contain a few 
mechanical errors. 
Choices made in-game 
have little effect on the 
story.

The student’s story 
does not make sense 
or contains enough 
mechanical errors to make 
it confusing or difficult 
to read. Choices have no 
effect on the story.

Story: 
Dilemma 
Defense

The student’s story is 
scientifically accurate 
with a strong, accurate 
defense that provides 
reasoning and sources 
for each detail. 
Student synthesizes 
his or her scientific 
understanding to create 
the story. Academic 
sources are cited.

The student’s story is 
scientifically accurate 
with an accurate defense 
that provides reasoning 
for each major event.  
Academic sources are 
cited.

The student’s story is 
mostly scientifically 
accurate with an 
accurate defense that 
provides reasoning 
for each major event, 
but with small errors.  
Sources are cited, but 
may be unreliable.

The student either 
provides inaccurate or 
no defense for his or her 
dilemmas and choices, or 
the story contains major 
elements that are not 
scientifically accurate.

Exit Ticket 
Reflection

The student 
demonstrates a deep, 
nuanced understanding 
through his or her 
explanations of 
programming and an 
example of a hazard on 
Mars.

The student accurately 
explains programming 
and an example of a 
hazard on Mars.

The student accurately 
explains programming 
and an example of a 
hazard on Mars, with 
small, minor errors.

The student’s responses 
are either illegible or 
inaccurate.

FINAL SCORE:

Teacher  Resource 1 MARS Interactive Story Rubric
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Terraforming: Making Mars More Like Earth

Enduring Understandings 

• Ecologists analyze components of natural systems to 

determine the delicate interactions responsible for 

sustaining living systems.

• Decisions made about the environment today will 

directly affect the future health of the planet.

• Political leaders who value Earth’s natural systems 

depend on analysts to research appropriate data and 

statistically assess the results to determine policies. 
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Essential Questions

• What systems are essential to supporting life on 

Earth? How do systems work together to support life? 

• What is the relationship between biotic and abiotic 

systems on Earth? How do humans rely on biotic and 

abiotic systems to create sustainable communities?

• What conditions would allow life to exist on other 

planets?

• How do the environments of Earth and Mars compare? 

How would environmental conditions on Mars need to 

change in order to support human habitation?

• How does terraforming work? Would terraforming 

Mars be possible?

• Who has the right to terraform Mars? Who would be 

responsible for a Mars terraforming initiative? Who 

would benefit from a Mars terraforming initiative? 

What are the challenges associated with terraforming 

Mars? Should Mars be terraformed?

• What is the role of ethics in space exploration?
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Notes to the Teacher

The activities in this lesson are designed to build upon each 
other. A thorough review of each activity ahead of time is 
recommended to best understand the scaffolding of each 
activity and determine how much time should be spent on 
each. The activities begin with a focus on how life can be 
sustained on a planet from a systems perspective, inviting 
students to consider if human communities on Earth are living 
beyond available resources and to determine the alternative 
requirements and feasibility of human habitation of Mars. 

In Part 1, students will think in terms of systems to understand 
the complex and dynamic interactions that collectively 
support life on Earth. They will examine the definition of a 
system, focusing on the differences between the biotic (living) 
and abiotic (nonliving) systems responsible for sustaining 
life on Earth, and paying attention to the needs of humans in 
particular. They will assess their own ecological footprint to 
further explore the relationship between human lifestyle and 
health of the environment, focusing on the environmental 
implications of human communities living beyond their 
resource means. Students will then consider the possibility of 
colonizing planets such as Mars as the long-term consequence 
of humans plundering the Earth, and begin to examine how 
the conditions on Mars might need to be altered in order to 
make them suitable for human habitation. Note that Part 1 
begins with an assignment that students should complete for 
homework in preparation for the rest of the activity. (You 
should complete this assignment as well.) 

Next, students will extend their conversation about the 
systems needed to support life on Earth by considering if 
and how life might exist in other areas of the universe. Part 
2 invites students to explore the differences between Earth 

and Mars and consider the processes involved in converting 
Mars to a planet more suitable for human habitation. They 
will learn about the science of terraforming and consider the 
potential strategies involved in a large-scale Mars terraforming 
initiative. Students will work in groups to research and 
design viable methods to address the individual challenges 
associated with the terraforming of Mars, taking into account 
the technology, equipment, funding, and staffing that may be 
involved in such an effort. The questions they will research are 
difficult; your purpose here is to allow students to learn more 
about the complexity of the problems, not to solve them. 

Student proposals and accompanying visuals for the 
presentations will be open-ended. While there are no 
limitations to the ideas students may consider, note that there 
are several questions (serving as content guidelines) to which 
groups should adhere with their presentations. The purpose 
here is to help students to understand the vast scope of the 
processes and engineering design considerations that might be 
involved in making a planet suitable for human habitation.

Once students have an understanding of terraforming and 
the issues pertaining to it, they will be well set for the next part 
of the lesson. Part 3 is designed to help students synthesize 
the information they have gathered over the course of the 
first two activities and begin to think collectively about 
the challenges and concerns of various countries involved 
in a Mars terraforming mission. Students will be asked to 
research, present, and discuss various issues that might 
be involved in terraforming efforts in order to eventually 
determine if the process might be worth considering. They 
will be given the opportunity to consider environmental, 
political, social, economic, and technological issues that 
could help or hinder an initiative of this nature.
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Part 3 is designed to span three class periods. In the first 
period, students will research responses to questions from the 
perspectives of various member nations of the International 
Mars Science Foundation (IMSF), nonmember nations, and 
the Mars Mission Corporation (MMC). Behind the expedition 
are two major organizations that have joined in a corporate–
public partnership. As explained in the introduction to the film 
at the beginning of this guide, the Mars Mission Corporation 
was founded specifically to carry out this expedition to Mars, 
seeing it as the opening wedge of a possible commercial 
enterprise in the future. Headquartered in London, it is led by 
space entrepreneur Ed Grann. The International Mars Science 
Foundation is a coalition of countries—the United States, 
Russia, China, Japan, the member countries of the European 
Union (EU), India, Mexico, Brazil, the United Arab Emirates 
(UAE), Israel, South Korea, Australia, and South Africa—
that have pooled their resources to support the expensive 
and dangerous undertaking of a manned expedition and 
colonization of Mars. 

During presentations, students should use Handout 3: 

Country Presentation Note Sheet for notes about the 
positions of the various countries. They should use Handout 

4: The MMC—Why Should Mars Be Terraformed? to 
take notes about the MMC’s position.  

Rubrics to assist you in evaluating student learning are 
included at the end of the lesson. 

Duration of Lesson

Three to six one-hour periods, depending on how 
much class time is available for student research

Assessment 

Part 1: Earth: A Life-Support System
Completed Ecological Footprint activity
Discussion participation
Completed Handout 1: Mars vs. Earth

Part 2: Terraforming 101
Discussion participation
Completed Handout 2: Terraforming 

Proposals
Suggested rubric (below) for the Terraforming 

Proposals group research project

Part 3: Presentations
Class discussion
Short essay
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Materials

Sticky notes 

Whiteboard and markers

Computer access

11" x 17" blank paper

Markers 

Websites provided in the procedures

Handout 1: Earth vs. Mars

Handout 2: Terraforming Proposals

Handout 3: Country Presentation Note Sheet

Handout 4: The MMC—Why Should Mars Be 
Terraformed?

PowerPoint or similar program for student 
presentations

Common Core Standards addressed by this lesson

English and Language Arts Standards

CCSS.ELA-LITERACY.SL.9-10.1  
Initiate and participate effectively in a range of 
collaborative discussions (one-on-one, in groups, 
and teacher-led) with diverse partners on grades 9-10 
topics, texts, and issues, building on others’ ideas and 
expressing their own clearly and persuasively.

CCSS.ELA-LITERACY.SL.9-10.1.A 
Come to discussions prepared, having read and 
researched material under study; explicitly draw on that 
preparation by referring to evidence from texts and other 
research on the topic or issue to stimulate a thoughtful, 
well-reasoned exchange of ideas.

CCSS.ELA-LITERACY.SL.9-10.1.B 
Work with peers to set rules for collegial discussions and 
decision-making (e.g., informal consensus, taking votes 
on key issues, presentation of alternate views), clear 
goals and deadlines, and individual roles as needed.

CCSS.ELA-LITERACY.SL.9-10.1.C 
Propel conversations by posing and responding to 
questions that relate the current discussion to broader 
themes or larger ideas; actively incorporate others into 
the discussion; and clarify, verify, or challenge ideas and 
conclusions.

CCSS.ELA-LITERACY.SL.9-10.1.D 
Respond thoughtfully to diverse perspectives, summarize 
points of agreement and disagreement, and, when 
warranted, qualify or justify their own views and 
understanding and make new connections in light of the 
evidence and reasoning presented.

CCSS.ELA-LITERACY.SL.9-10.2 
Integrate multiple sources of information presented in 
diverse media or formats (e.g., visually, quantitatively, 
orally) evaluating the credibility and accuracy of each 
source.
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Common Core Standards addressed by this lesson

Science and Technical Subjects Standards

CCSS.ELA-LITERACY.RST.9-10.1 
Cite specific textual evidence to support analysis of 
science and technical texts, attending to the precise 
details of explanations or descriptions.

CCSS.ELA-LITERACY.RST.9-10.2 
Determine the central ideas or conclusions of a text; trace 
the text’s explanation or depiction of a complex process, 
phenomenon, or concept; provide an accurate summary 
of the text.

CCSS.ELA-LITERACY.RST.9-10.4 
Determine the meaning of symbols, key terms, and other 
domain-specific words and phrases as they are used in a 
specific scientific or technical context relevant to grades 
9-10 texts and topics.

CCSS.ELA-LITERACY.RST.9-10.5 
Analyze the structure of the relationships among 
concepts in a text, including relationships among key 
terms (e.g., force, friction, reaction force, energy).

Procedure

Several days before beginning this lesson, have students 
complete the following as a homework assignment: 

1.  Students should read the article Footprint Basics (http://

www.footpr intnetwork.org/en/index.php/GFN/page/

footprint_basics_overview/) on the Global Footprint 
Network website. To be prepared for Part 1, students 
should be able to (a) describe the concept of an Ecological 
Footprint and (b) explain the types of information 
taken into account as part of the Ecological Footprint 
calculation.

2.  Students should calculate their own Ecological Footprint 
(http://www.footprintnetwork.org/en/index.php/GFN/

page/calculators/) independently. They should bring a 
copy of their results (final data page) to class on the day 
Part 1 is scheduled to begin. 

Part 1: Earth: A Life-Support System 

1.  Ask students to define the word “system,” recording 
responses on the board if time and space permit. (A 
“system,” according to the Oxford Dictionary, “is a set of 
connected things or parts forming a complex whole.” 

2.  Explain that systems have specific functions, can be 
influenced by other systems, can influence other systems, 
and are capable of changing over time. 
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3.  Ask students to explain how the classroom in which 
they are working acts like a system. (Sample answers: 
Temperature changes with an increase in class size. Plants 
growing in the classroom respond to amounts of sunlight. 
Students taking a test may not be able to concentrate at 
higher volumes of background noise. The space may 
become unsafe with too many people or too much 
equipment.)

4.  Put a chart on the board with two columns headed “Biotic” 
and “Abiotic.” Define the terms. (Biotic means having to 
do with living things or organisms; abiotic refers to the 
physical rather than biological, something devoid of living 
organisms.) 

5.  Ask students to consider their local environment as 
a composite of biotic and abiotic systems. Divide the 
students into small groups and distribute sticky notes 
to each group. Ask the groups to brainstorm as many 
examples of biotic and abiotic systems in their region as 
possible. You may define “region” as you choose; the term 
could denote the school facility, the neighborhood, the 
city in which the school is situated, etc. 

6.  Have students record their ideas on the sticky notes and 
then add them to the appropriate columns of the table on 
the board. 

Sample answers

Biotic Abiotic 

Food webs Precipitation

gardens tectonic plate activity

families geologic processes

insect populations air conditioning units

7.  Discuss the following: 
• Choose one system from the “biotic” column and one 

from the “abiotic” column. Describe how these two 
systems are related to each other. Do they rely on each 
other? Could they exist without each other? 

• Using the systems you chose from each column, 
explain exactly how one system affects the other. 
Describe what would happen to one system if a big 
change were to occur to the other system. (Have 
students provide examples.)

• Do you think all of the systems (biotic and abiotic) listed 
on the board are necessary for life on Earth? If you had 
to choose the five most important systems to sustain life 
on Earth from the list generated, which would they be? 

8.  Ask students to report the results of the Ecological 
Footprint calculations from their homework assignment, 
using the questions below to guide the discussion. (Note: 
Completing the entire question set is important, because 
the last question serves as the intended transition into the 
discussion about terraforming Mars in Part 2.)

• What are the results of your personal Ecological 
Footprint? How many Earths are you currently using? 
Please explain what this means.

• Are you surprised by your Ecological Footprint 
results? Please explain.

• Based on your lifestyle, which of the systems from 
your biotic/abiotic comparison from earlier do you 
think you are affecting the most? Please explain. 
(Examples here might include the relationship 
between food consumption and CO2 emissions or 
population ecology, the connection between energy 
use and global temperature, the relationship between 
water use and human health, etc.)
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• What is the average number of Earths currently 
in use by the class? (Students will need to perform 
the calculation.) How does this compare with the 
Ecological Footprint of the United States? 

• Based on the data provided on the Global Footprint 
Network website, how does the Ecological Footprint 
of the United States compare with that of other 
countries in the world? What does this mean for the 
United States? Other countries? Earth? (See the data 
at http://www.footprintnetwork.org/en/index.php/GFN/

page/footprint_data_and_results/.)
• What happens if human communities on Earth 

continue to live past their resource means? Please 
explain. (This is a good place to ask students to refer to 
examples from the episodes of MARS.)

9.  Distribute Handout 1: Mars vs. Earth and have students 
complete it in preparation for Part 2. Be sure to tell them to 
bring their answers on the handout to the next class.

 Part 2: Terraforming 101 

1.  As a review of the frameworks that are critical to 
supporting life on Earth, begin by asking students to list 
some of the biotic and abiotic systems they brainstormed 
in Part 1. If time permits, review your conclusions from 
the student results of the Ecological Footprint calculations 
from Part 1. 

2.  Ask students whether they think other planets might be 
good candidates for human habitation, should resources 
on Earth run out at some point. Invite students to 
brainstorm how conditions on other planets might need 
to change in order to support human habitation. 

3.  If time permits, have students try their hand at making their 
own planet online using NASA’s Extreme Planet Makeover 
activity (https://exoplanets.nasa.gov/interactable/1/index.

html). This is an excellent resource to encourage students to 
begin thinking creatively about how conditions might need 
to change on a planet in order to best support life. 

4.  Ask students what they know about Mars, from their 
completed handout and other sources, and record 
their answers on the board. Lead a discussion using the 
Thought Questions from Handout 1.

5.  Ask the students what they know about terraforming. 
Explain that terraforming is the hypothetical process by 
which Mars’s climate and surface would be altered in order 
to support human habitation in a safe and sustainable 
way. Based on the comparative Mars data collected on 
Handout 1, ask the students to brainstorm all the ways 
in which the conditions on Mars would need to change in 
order to support human habitation of the planet. 

Possible responses may include, but will not be limited to, 
the following:

• Increase the force of gravity.
• Improve the atmospheric composition so that 

breathing would be possible.
• Increase the surface temperature.
• Counter the effects of space weather.
• Provide protection from solar radiation.
• Increase the atmospheric pressure.
• Improve access to water.
• Decrease the amount of surface ice.
• Improve soil quality to support agriculture.
• Create surface infrastructure in a sustainable,  

low-cost way.
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6.  Tell students they are now going to focus on the methods 
involved in the process of terraforming Mars. Divide 
them into eight small groups and tell them to think of 
themselves as consultant teams who have been hired by 
the MMC to determine how each step of the terraforming 
process could potentially be accomplished. Distribute 
Handout 2: Terraforming Proposals and have 
students fill in their names, the group, and the names of 
other members of their team.

7.  Assign to each group a research task relating to the 
engineering methods that might be needed for a successful 
terraforming mission. Group assignments are as follows:

Group A: How would you change the atmospheric 
composition so that breathing would be possible?

Group B: How would you increase the surface 
temperature of Mars?

Group C: How would you counter the effects of space 
weather (dry weather, solar wind, etc.)?

Group D: How could you increase the atmospheric 
pressure on Mars?

Group E: How would you improve access to water on 
Mars?

Group F: How would you decrease the amount of 
surface ice on Mars?

Group G: How would you improve Mars soil quality 
to best support agriculture?

Group H: How would you create Mars surface 
infrastructure (e.g., buildings, facilities, roadways, etc.) 
in a sustainable, low-cost way?

8.  Explain to the student groups that they are responsible 
for designing an engineering plan to accomplish their 
assigned task. Tell them that when they are finished, 
they will do a presentation about their proposal to the 
class. Presentations should be two to four minutes in 
length, to be delivered in a roundtable format and to 
include poster or slide presentations with visuals. Review 
the requirements on the handout and set a deadline for 
presentations. 

9.  When proposals are completed, provide an opportunity 
for students to present them. Give other teams a chance 
to ask questions and make suggestions. (Optional: At 
your discretion, the student group that presents the most 
thorough and technically sound task proposal can be 
chosen as the group to represent the MMC in Activity 3.)

10. Wrap-up: After the student groups have shared their 
proposals, invite the students to answer the following 
questions in regard to their presentations:

• What countries on Earth would be responsible for 
providing the resources necessary for the engineering 
tasks involved in a successful Mars terraforming 
initiative? Why? 

• What considerations should be made in determining 
which countries should have a stake in a Mars 
terraforming mission? 

• What countries would benefit the most from a Mars 
terraforming mission? 

11. Tell students that as part of the next activity in the 
lesson, they will assume the roles of different countries in 
considering whether or not Mars should be terraformed.
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Part 3: Should Mars Be Terraformed? 

First day: 

1.  Explain the International Mars Science Federation (IMSF) 
and the Mars Mission Corporation (MMC) to students, 
using information from the Notes to the Teacher. 

2.  Divide students into groups. One group of students will 
represent the more affluent countries or regions of the 
IMSF highlighted in the program episodes.  (If you do 
not have enough students, not all countries need to be 
represented.)

United States India Mexico
European Union China  Brazil
Japan Russia South Africa 

Other students will represent affluent countries that are 
not included in the IMSF. Allow students to choose from 
the list below or to come up with their own choice: 

Canada New Zealand Singapore
Saudi Arabia Qatar
Australia Kuwait

A third group of students should represent less affluent 
countries: 

Nepal  Republic of Congo Haiti
Uganda  Madagascar North Korea
Somalia Mali

Finally, have two students represent the MMC. 

[Note: The countries and regions listed above were 
categorized based on GDP and/or the PPP (Purchasing 
Power Parity) of the country.]

3.  Tell students representing countries to conduct research 
in order to prepare a “One Slide Wonder” about their 
assigned country to share with their classmates. “One Slide 
Wonders” are to be created in PowerPoint and should 
include a title, direct answers to the following questions, 
and some type of illustration (image, video clip, etc.). The 
slides should be checked to be sure there are no grammar 
or spelling errors.

a. What is the current population and projected 
population for 2030?

b. How much water does your country currently 
consume and what is projected for 2030?

c. Is your country increasing or decreasing CO2 and 
greenhouse gas emissions? 

d. How many pounds of food are consumed per person 
per year in your country?

e. How many of pounds of food are produced in your 
country? 

f. How much energy does your country consume?
g. What is the system of government in your country? 
h. Do you think your country would want or be able to 

terraform Mars? Why, or why not? 

4.  Two students should also make a “One Slide Wonder” as 
representatives of the MMC. You may wish to remind the 
students representing the MMC that they are representing 
a corporation and hope to profit from terraforming 
Mars. They should keep this in mind as they respond to 
the questions and eventually present their findings. They 
should present about the following topics:
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a. What will it cost to terraform Mars?
b. What are the various types of technology that will be 

needed to do so? 
c. What resources could be potentially harvested from 

this planet?
d. How would resources be distributed?
e. How would terraforming Mars benefit the member 

nations?

5.  For homework, have students complete their “One Slide 
Wonders.” Be sure to have them record citations for 
their research. Students should also make a sign labeled 
with their country name to place on their desks for the 
presentations and discussion during the next class.

Second day:

1.  If possible, arrange your desks or tables into a semicircle 
facing the board. Have students sit facing the board, with 
the name of the country they are representing on a free-
standing sign on their desk. 

2.  Ask students to introduce themselves at the beginning of 
each presentation, stating their name and the country they 
represent. You can make this even more formal by asking 
students to address each other as “the representative from 
[country]” when referring to each other.

3.  Provide students with copies of Handouts 3 and 4 to use 
for taking notes while other groups present their findings.

4.  Call on students to present their slides. Allow for at least 
five minutes for each presentation and another two to 
three minutes for questions. The countries should go first 
and then conclude with the MMC. (You may find that 
you have time only for presentations in this class period. 

If that is the case, ask the students to organize their notes 
for homework and encourage them to do some research 
on some of the other countries they learned about. This 
might help with discussion the next day.)

Third day:

1.  After the presentations, lead a class discussion on the 
questions below. Remind students that they should 
respond to all questions from the perspective of the 
country they are representing. This can be challenging 
for students, but encourage them to use information from 
their slide and other information they learned during 
their research when responding. It is not essential that 
every question be discussed, nor is it necessary that the 
class should follow a certain track in their responses. Your 
goal is to have students understand the complexities of 
this issue and begin to recognize the nuances and layers 
involved in making this type of decision. These questions 
are meant to get them started. You may wish to continue 
this conversation with an extension activity if time 
permits.

Questions for discussion: 

a. If your country does not produce enough food per 
person, where does your country get the rest of the 
necessary food for its people?

b. Does your country exist sustainably? 
c. Do countries have responsibilities to each other? 
d. Would it be better to take the resources and money 

needed to terraform Mars and use them to fix the 
state of the Earth? Why, or why not? 

2.  At this point, have the students determine by vote or 
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consensus if they are going to try to terraform Mars. If 
they agree to do so, the discussion will need to move 
in a different direction that highlights how the MMC 
should handle this endeavor. Students should discuss 
the following questions from the perspective of a 
representative of their country or the MMC:

a. Which countries will contribute (either through 
money, technology, manpower, etc.) to terraforming?

b. How will resulting resources be distributed to the world?
c. If countries are unable to contribute to the MMC, will 

they be eligible to receive resources? Why, or why not? 
d. Which governments will work well together on this 

project? Which ones will struggle? Why?

3.  Expand the discussion to broader ideas with the following 
questions:

a. Should Mars be terraformed?
b. What countries would most likely be in favor of this 

action? Why?
c. What countries would most likely be against this? 

Why?
d. How would Mars be governed? Which country or 

countries would take on this responsibility? Why? 
e. Why do you think less affluent countries were 

excluded from the IMSF? Should their needs and 
concerned be part of this decision? How do you 
think these countries would respond to the group’s 
decision?

f. Which affluent countries were excluded from the 
IMSF? Why do you think they were excluded? How 
do you think these countries would respond to the 
group’s decision?

4.  If the students determine that Mars should not be 
terraformed, ask them to consider how they can do 
more with what is available on Earth. They should ask 
themselves similar questions as those above, but they 
will be discussing how to do something with money, 
technology, and manpower here on Earth instead of 
looking to Mars to help solve the problem.

5.  By the end of the period, you may find that the students 
were not able to come to a consensus about how to address 
these issues. At this point you may wish to assign further 
research to allow the students to better understand why 
this issue is so complicated. 

 Resources for research:

The Ethical Dimensions of Space Settlement: 
http://www.users.globalnet.co.uk/~mfogg/EthicsDTP.pdf 

Country Demographics: 
http://country-facts.findthedata.com/

Population Projections and Challenges to 
Sustainability: 
http://www.un.org/en/development/desa/population/
publications/pdf/trends/Population2030.pdf 

http://www.un.org/esa/population/publications/pop_
challenges/Population_Challenges.pdf

Water Usage: 
http://www.data360.org/dsg.aspx?Data_Set_Group_Id=757 

Facts From the CIA: 
https://www.cia.gov/library/publications/the-world-
factbook/rankorder/rankorderguide.html 

World Resources Institute: 
http://www.wri.org/ 
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http://country-facts.findthedata.com/
http://www.un.org/en/development/desa/population/publications/pdf/trends/Population2030.pdf
http://www.un.org/en/development/desa/population/publications/pdf/trends/Population2030.pdf
http://www.un.org/esa/population/publications/pop_challenges/Population_Challenges.pdf
http://www.un.org/esa/population/publications/pop_challenges/Population_Challenges.pdf
http://www.data360.org/dsg.aspx?Data_Set_Group_Id=757
https://www.cia.gov/library/publications/the-world-factbook/rankorder/rankorderguide.html
https://www.cia.gov/library/publications/the-world-factbook/rankorder/rankorderguide.html
http://www.wri.org/
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Global Greenhouse Gas Emissions Data:  
https://www3.epa.gov/climatechange/ghgemissions/
global.html 

Mapping the Impacts of Climate Change: 
http://www.cgdev.org/page/mapping-impacts-climate-
change

UNICEF—Water and Sanitation Overview: 
http://data.unicef.org/water-sanitation/water.html 

6.  For homework, have students write a short essay about 
what makes the question of terraforming so complicated. 
In their responses, encourage them to refer to specific 
moments in class when they felt frustrated by the 
discussion or realized that the needs of their country were 
being ignored.

You may also wish to ask the students to think of another 
issue where multiple countries either successfully or 
unsuccessfully managed to come together over an issue. 
What makes this event similar to or different from the 
terraforming initiative? (Suggestion: Lead students to 
look into how Antarctica is shared.)

https://www3.epa.gov/climatechange/ghgemissions/global.html
https://www3.epa.gov/climatechange/ghgemissions/global.html
http://www.cgdev.org/page/mapping-impacts-climate-change
http://www.cgdev.org/page/mapping-impacts-climate-change
http://data.unicef.org/topic/water-and-sanitation/drinking-water/
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Use the information about Earth and Mars found at NASA’s facts webpage on Mars Exploration (http://mars.nasa.gov/

allaboutmars/facts/#?c=inspace&s=distance) or another reliable source to complete the chart below. When you are finished,  
please answer the Thought Questions on the next page.

H a n d o u t  1  •  p . 1

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)

Earth vs. Mars

Planet Facts Earth Mars

Average distance from the sun

Average speed in orbiting the sun

Diameter

Mass

Tilt of axis/seasons

Length of year

Length of day

Gravity

Temperature/Weather

Atmospheric composition

Soil composition

Number of moons

Structure (layers, types of layers, etc.)

http://mars.nasa.gov/allaboutmars/facts/#?c=inspace&s=distance
http://mars.nasa.gov/allaboutmars/facts/#?c=inspace&s=distance
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Thought Questions:

1.  Which three Mars categories on the first page do you think would be the most important to consider regarding possible 
human habitation of the planet? Which three would be the least important? 

2.  Which three Mars categories on the first page do you think would be the easiest to change regarding human habitation of 
the planet? Which would be the most challenging? Please explain your choice.

H a n d o u t  1  •  p . 2

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)

Earth vs. Mars
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Your name ________________________________________________________ Your group ___________________________ 

Other member(s) of your group ____________________________________________________________________________

Your task _________________________________________________________________________________________________

__________________________________________________________________________________________________________

Directions: 

Your group is one of the consultant teams who have been hired by the MMC to determine how each step of the terraforming 
process could potentially be accomplished. Meet with your group to consider how you might accomplish the task to which you 
have been assigned. Be sure to evaluate the feasibility of your plan. 

Here are the guidelines that should be included in your proposal: 

1.  What technology would be involved in the execution of the task? How would this technology work?

2.  How would the money be raised to accomplish the task?

3.  Who would be responsible for creating and implementing the design of the task (e.g., researchers, engineers, nonprofits, 
governments, etc.)?

4.  What materials might be needed to accomplish the task?

5.  What barriers might exist to accomplishing the task?

When you have finished, plan a roundtable presentation to share your proposal with the other teams. Prepare one or more 
posters or slides to help explain your proposal. 

The deadline for your proposal is  _____________________________________________

H a n d o u t  2 Terraforming Proposals

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)
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Using some or all of the resources below, or other resources you can locate, develop a profile of 
 _____________________________, the country you represent. Record your answers in the chart below. 

The Ethical Dimensions of Space Settlement: 
http://www.users.globalnet.co.uk/~mfogg/EthicsDTP.pdf 

Country Demographics: 
http://country-facts.findthedata.com/ 

Population Projections and Challenges to Sustainability: 
http://www.un.org/en/development/desa/population/publications/pdf/trends/Population2030.pdf  

http://www.un.org/esa/population/publications/pop_challenges/Population_Challenges.pdf 

Water Usage: 
http://www.data360.org/dsg.aspx?Data_Set_Group_Id=757 

Facts From the CIA: 
https://www.cia.gov/library/publications/the-world-factbook/rankorder/rankorderguide.html 

World Resources Institute: 
http://www.wri.org/ 

Global Greenhouse Gas Emissions Data:  
https://www3.epa.gov/climatechange/ghgemissions/global.html 

Mapping the Impacts of Climate Change: 
http://www.cgdev.org/page/mapping-impacts-climate-change 

UNICEF—Water and Sanitation Overview: 
http://data.unicef.org/water-sanitation/water.html

H a n d o u t  3  •  p . 1
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Country Presentation Note Sheet

http://www.users.globalnet.co.uk/~mfogg/EthicsDTP.pdf
http://country-facts.findthedata.com
http://www.un.org/en/development/desa/population/publications/pdf/trends/Population2030.pdf
http://www.un.org/esa/population/publications/pop_challenges/Population_Challenges.pdf
http://www.data360.org/dsg.aspx?Data_Set_Group_Id=757
https://www.cia.gov/library/publications/the-world-factbook/rankorder/rankorderguide.html
http://www.wri.org/
https://www3.epa.gov/climatechange/ghgemissions/global.html
http://www.cgdev.org/page/mapping-impacts-climate-change
http://data.unicef.org/water-sanitation/water.html
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H a n d o u t  3  •  p . 2
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Country Presentation Note Sheet

Research topic Answer Additional notes

Current population/
Population 2030

Amount of water 
consumed per person  
per year

Increasing or decreasing 
CO2 and greenhouse gas 
emissions?

Amount of food consumed 
per person per year

Amount of food produced 
per year

Amount of energy used by 
this country each year

Type of government

Would your country want to terraform Mars? Please explain.



J o u r n e y s  i n  F i l m :  M A R S

Directions: 

Using the links provided below, investigate the costs and technology that would be needed to terraform Mars. For each research 
question listed in the table, provide an answer and justify your response using examples from the research you performed. 
When you have completed your research, please respond in writing to Items 1–5 on the next page.

H a n d o u t  4  •  p . 1

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)

The MMC—Why Should Mars  
Be Terraformed?

The Economic Viability of Mars Colonization: 
http://www.aleph.se/Trans/Tech/Space/mars.html

How Do We Terraform Mars? 
http://www.universetoday.com/113346/how-do-we-terraform-mars/

Technological Requirements for Terraforming Mars: 
http://www.users.globalnet.co.uk/~mfogg/zubrin.htm

Could We Turn Mars Into Earth 2.0? 
http://www.dailymail.co.uk/sciencetech/article-3140464/Could-turn-Mars-Earth-2-0-Darpa-working-designer-organisms-terraform-

red-planet.html

Research topic Answer Justification

Cost to terraform Mars  
(in dollars)

Types of technology 
needed to terraform Mars

Resources that will be 
produced on or harvested 
from this planet

How would resources be 
distributed?

http://www.aleph.se/Trans/Tech/Space/mars.html
http://www.universetoday.com/113346/how-do-we-terraform-mars/
http://www.users.globalnet.co.uk/~mfogg/zubrin.htm
http://www.dailymail.co.uk/sciencetech/article-3140464/Could-turn-Mars-Earth-2-0-Darpa-working-designer-organisms-terraform-red-planet.html
http://www.dailymail.co.uk/sciencetech/article-3140464/Could-turn-Mars-Earth-2-0-Darpa-working-designer-organisms-terraform-red-planet.html
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H a n d o u t  4  •  p . 2

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)

The MMC—Why Should Mars  
Be Terraformed?

1.  Compare the advantages and disadvantages of a Mars terraforming mission. Please justify your response with regard to your 
research concerning the economic, societal, environmental, and ethical considerations of a terraforming initiative.

2.  Based on your responses to #1, what do you think the greatest advantage of a Mars terraforming mission might be? How 
would member countries and Earth as a whole benefit?

3.  What do you think the greatest disadvantage of a Mars terraforming mission might be?  How might this affect member 
countries and Earth as a whole?

4.  Would the potential costs associated with terraforming Mars make the initiative financially worthwhile? Please be specific, 
citing appropriate examples from your research.

5.  Would a Mars terraforming mission be equitable for the participating member countries and Earth as a whole? Please 
explain, citing examples from your research.
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A. Use this rubric to assess the terraforming proposals project in Part 2.

Teacher  Resource 1

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)

Rubrics for Assessment

Exceeds Expectation Meets Expectation Needs Improvement

Presentation The presentation is very clear, 
thorough, and tightly organized. 
It is two to four minutes in 
length.

The presentation is clear and 
organized, but may lack some 
important content. It is two to 
four minutes in length.

The presentation is vague, lacks 
important content, and appears 
disorganized. It is shorter or 
longer than two to four minutes.

Technology Descriptions of the technology 
types needed and technology 
uses are thorough and 
appropriately reflect the mission 
of the project. 

Descriptions of the technology 
types needed and technology 
uses are adequate and may only 
partially reflect the mission of 
the project.

Descriptions of the technology 
types needed and technology 
uses are vague and do not 
appropriately reflect the mission 
of the project, or they are not 
included.

Funding A thorough explanation of how 
project funding will be secured 
and who will be responsible for 
securing the funding is provided.

An explanation of how project 
funding will be secured and who 
will be responsible for securing 
the funding is provided.  

The explanation of how project 
funding will be secured and who 
will be responsible for securing 
the funding is vague or missing.

Design 
Elements

A clear explanation of 
the personnel who will be 
responsible for the creation and 
implementation of the project 
design is provided.

An explanation of who will be 
responsible for the creation and 
implementation of the project 
design provided is provided.

The explanation of who will be 
responsible for the creation and 
implementation of the project 
design provided is vague and/or 
missing.

Materials The materials list and 
explanation of use included for 
the project are thorough. The 
materials listed are appropriate 
for the project mission. 

The materials list and 
explanation of use included for 
the project are adequate. The 
materials listed are somewhat 
appropriate for the project 
mission.

The materials list and 
explanation of use included 
for the project are vague and/
or missing. The materials listed 
do not appropriately reflect the 
project mission.

Feasibility A thorough project feasibility 
evaluation is included as part of 
the presentation. The evaluation 
includes specific information 
about these implementation 
barriers: cost, necessity, 
environmental risk, and human 
health hazards.

A project feasibility evaluation 
is included as part of the 
presentation.  The evaluation 
includes a discussion of these 
implementation barriers: cost, 
necessity, environmental risk, 
and human health hazards.

The project feasibility evaluation 
may be unclear or missing.  
The evaluation discussion 
is incomplete or is missing 
at least one the following 
implementation barriers: cost, 
necessity, environmental risk, 
and human health hazards.
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B. Use this rubric to assess the “One Slide Wonders” from Part 3.

Teacher  Resource 1

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)

Rubrics for Assessment

category Superior Good Fair Needs improvement

Title The slide had an 
appropriate and 
accurate title that 
piqued the viewer’s 
interest. 

The slide had an 
appropriate and 
accurate title. 

The slide had a 
misleading or vague 
title 

The slide did not have 
a title. 

Completeness All questions were 
clearly answered 
and addressed in the 
presentation.

Most of the questions 
were answered and 
addressed in the 
presentation.

Only two or three 
of the questions 
were answered and 
addressed in the 
presentation.

Presentation addressed 
and answered only 
one question or no 
questions at all.

Use of media Slide included an 
appropriate and 
informative image, 
video clip, or other 
form of media.

Slide had a relevant 
image, video clip, or 
other form of media.

Slide had an image but 
it provided no useful 
information.

There was no image, 
video, or other media 
on the slide.

Language 
Mechanics

Slide had no grammar 
or spelling errors.

Slide had no significant 
grammar or spelling 
errors.

Slide contained one 
or two grammar or 
spelling errors.

Slide contained 
multiple spelling and 
grammar errors.
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C. Use this rubric to assess class discussions in Part 3.

Teacher  Resource 1

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)

Rubrics for Assessment

category Superior Good Fair Needs improvement

Contribution 
as a  speaker

Student was very active 
in contributing to the 
discussion. 

Student was active in 
contributing to the 
discussion. 

Student was not very 
active in contributing to 
the discussion.

Student was not 
involved in the 
discussion. 

Contribution 
as listener

Student engaged 
in active listening 
throughout the 
discussion. 

Student generally 
seemed attentive. 

Student seemed 
occasionally distracted 
during the discussion. 

Student was distracted 
or distracted others 
during the discussion. 

Perspective Student spoke entirely 
from the perspective of 
the assigned country 
or the MMC when 
determining the benefits 
and disadvantages to 
terraforming Mars.

Student usually spoke 
from the perspective of 
the assigned country 
or the MMC when 
determining the benefits 
and disadvantages to 
terraforming Mars.

Student frequently 
forgot to respond from 
the perspective of the 
assigned country or the 
MMC.

Student did not respond 
from the perspective of 
his or her country or the 
MMC.
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D. Use this rubric to assess the essay from Part 3 on why the issue of terraforming is so complicated.

Teacher  Resource 1

L e s s o n  4   (LANGUAGE ARTS,  SOCIAL STUDIES,  SCIENCE)

Rubrics for Assessment

category Superior Good Fair Needs improvement

Organization Student constructed a 
logical, well-organized 
and compelling answer 
to the question.

Student constructed a 
logical answer to the 
question and organized 
his or her ideas 
adequately.

Essay had some good 
points but lacked logical 
development.

Essay lacked logic and 
organization.

Use of 
examples

Student was able 
to use three or four 
specific examples from 
both research and the 
class discussion when 
evaluating why the issue 
of terraforming is so 
complicated.  

Student was able 
to use two or three 
examples from both 
research and the class 
discussion when 
evaluating why the issue 
of terraforming is so 
complicated. 

Student was able to 
use one or no specific 
example from research 
or the class discussion 
and instead fills the 
response with general 
knowledge.

Student struggled to 
construct a response 
that addresses the issues 
discussed in the project.

Writing 
mechanics

Student’s sentence 
structure and grammar 
were consistent with 
course expectations.

There were two or 
three errors in sentence 
structure and grammar.

There were multiple 
errors in sentence 
structure and grammar.

Multiple errors in 
sentence structure 
and grammar made it 
difficult for the reader 
to follow. 
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A Trip to Mars: Packing for Space Travel

Enduring Understandings 

• Human spaceflight is a difficult and inherently risky 

endeavor, but many of the problems have workable 

solutions, and many of the risks can be mitigated. 

• Physics, biology, psychology, mathematics, 

engineering, and history are all crucial aspects that 

must be considered when planning any human 

mission in space.

• The issues arising from space exploration are a case 

study in what it means to be human, when normal 

experiences are magnified to greater than usual 

proportions.

• Many things we take for granted on Earth, such as 

oxygen, protection from radiation, and freedom of 

motion, must be carefully planned and rationed on a 

space mission of long duration.

Essential Questions

• What are the bare necessities for human survival?

• How do the laws of physics constrain or dictate the 

design of a spacecraft?

• How do the needs of humans dictate the design of a 

spacecraft?

• Are the possible gains from sending humans into 

space worth the cost and risk?

Notes to the Teacher

This interdisciplinary lesson is intended to give students an 
opportunity to explore some of the issues involved when 
planning a human mission to Mars. The entire lesson will 
take at least a week of class time, depending on how much 
research is done in or out of class. However, you may wish to 
select individual parts of the lesson that fit your curriculum 
for a shorter duration. In a math class, you may prefer to 
focus on certain types of problems that you might skip in a 
physics class, and vice versa. Some problems are appropriate 
for consideration in a social science class. Certain sections are 
appropriate to all levels of students, and others only to those 
who are studying or have studied physics. One or two problems 
are appropriate only for students in calculus-based physics.

Because the problems investigated in this lesson are so open-
ended and complex, there is a Teacher Resource Sheet to 
accompany each set of problems on the handouts. Be sure to 
read through these sheets and explore the resources before 
addressing the issues with your students. 

There are several topics in these first sections of the lesson 
that require varying levels of research on the part of the 
students. You may wish to have your students pick one or 
more of these questions to investigate in detail, and write up 
their answers in a formal analysis. For additional guidance, 
see “Appendix F: NGSS Science and Engineering Practices” 
at http://www.nextgenscience.org/resources/ngss-appendices. 

In Part 1, students estimate how much food and water 
would be needed for a manned flight to Mars. There are six 
questions designed to be answered sequentially. The handout 
for students is set up as a table so that you can photocopy 
it and then cut it apart, so that students focus on only one 

http://www.nextgenscience.org/resources/ngss-appendices


problem at a time. That also allows you the flexibility to 
select individual problems or groups of problems without 
having to use all of them.

Students research and study the problems associated with 
weightlessness in space in Part 2. A series of questions leads 
them to consider how the human body is affected by long-
term weightlessness and how “spinning” the spaceship can 
mitigate these effects. 

As a warm-up to the building of a model spaceship, in Part 
3 students review methods of scaling up and down. The 
issues that arise in the calculation of scale factors, and how to 
convert scale factors between length, area, volume, and mass, 
can be challenging to students who have not encountered 
them before. It is important to discuss student responses to 
these problems carefully before proceeding to their designs 
for the spacecraft. If students are sufficiently advanced, 
have them work through the questions independently or in 
small groups; if not, work through the questions as a class to 
review the concept and methods of scaling. 

Students will build a scale model in Part 4 of the lesson. 
There is a PowerPoint simulation available for download 
with this lesson at journeysinfilm.org. The example shown 
in the PowerPoint illustrations uses heavyweight cardstock 
paper, rated at 300 grams per square meter. This can be found 
in a well-stocked craft supply store or an office supply store. 
This is probably the most expensive item in the materials list. 
If this cannot be found, a lighter weight card stock or index 
paper can be used, or, in a pinch, file folders. The result will 
not be quite as sturdy. PVC pipe can also be used for the 
outer body of the model, but this limits spacecraft designs to 
cylinders. Also, the pipes need to be cut lengthwise, which is 
difficult without the proper tools and experience. 
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Provide the students with whatever small containers you were 
able to obtain, along with sand, beads, water, and other similar 
materials, and all the other building materials listed in the 
material section at the beginning of the lesson. You may wish 
to have students determine the density of each material. Be 
aware that, for example, whereas most plastics may be slightly 
denser than water, when plastic beads are randomly packed, 
they are about two-thirds as dense as the material they consist 
of. The key is to build a model and containers that allow the 
students to easily shift mass around in the model.

Many of the problems in Parts 1–3 lead up to Part 4, 
although some take tangents that are interesting but not 
strictly necessary. If you are doing Part 4, but not the lead-up 
problems, you can use a nominal mass of 25 tonnes (25,000 
kg) for the spacecraft. (Note that metric units are used for all 
quantities; one “tonne” is a metric unit for 1,000 kg.) With 
a scale model mass of, say, 0.2 kg, this results in mass and 
volume ratios of 125,000:1, and a length ratio of 50:1. Thus a 
spacecraft that is 10 meters in diameter would result in a scale 
model that is about 20 centimeters across. Unless otherwise 
stated, all Mars missions discussed in this assignment have a 
six-person crew.

Part 5 is an extension activity, in which students determine 
the moment of inertia of their spacecraft and analyze 
how shifting supplies around can change the spin of the 
spacecraft. The handout for students provides a mathematical 
walkthrough for determining the moment of inertia of their 
spacecraft using a simple turntable (or any platform that 
freely rotates about an axis). There are other extension 
activities suggested as well. 
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L e s s o n  5   (MATH,  PHYSICS)

Part 6 contains follow-up questions on Handout 6 and 
provides opportunities to grapple with some of the social 
and ethical dilemmas that pertain to space travel. Note that 
Topic B may not be appropriate for less mature students. 
For example, Roach’s book contains detailed explorations 
of research into space toilet technology, discussions of sex 
in space, and a cosmonaut describing his contemplations of 
suicide while in orbit, to name a few examples. This topic 
should be used only with mature students.

Duration

Variable number of classes, depending on the 
activities chosen, plus time for students to research, 
write the essay, and build the model. 

Assessment 

Group solutions to problems on supplies for the 
journey and the effects of weightlessness

Answers to Handout 3 on scaling

Model spacecraft

Essay to follow the model-building project

Class discussions

Materials

Copies of Handout 1: Problem Set 1: Supplies 
for the Journey to Mars, cut into sections

Teacher Resource 1: Problem Set 1: Supplies 
for the Journey to Mars

Copies of Handout 2: Problem Set 2: Spinning 
the Spacecraft

Teacher Resource 2: Problem Set 2: Spinning 
the Spacecraft

Copies of Handout 3: Scaling Up and Down

Copies of Handout 4: Building a Model 
Spacecraft

Copies of Handout 5: Finding Moment of Inertia 
and Understanding Conservation of Angular 
Momentum

Teacher Resource 3: Finding Moment of Inertia 
and Understanding Conservation of Angular 
Momentum

Copies of Handout 6: Going to Mars: Some 
Larger Questions to Consider



PowerPoint slideshow and means of projection

Computer access for research

For Part 4 only

Heavyweight cardstock paper (See Notes to the 
Teacher) 

Scissors

School glue such as Elmer’s Glue-All

Ruler, with metric markings

Compass (the math kind, not the “points north” kind) 
for drawing circular parts

Hobby knife for scoring folds in the card stock (If this 
is problematic at your school, it can be omitted. The 
folds will just be less precise.)

Small resealable bags from a craft supply store

Small, watertight containers from a craft supply store

Painter’s tape (Useful for reinforcing problematic 
bonds between pieces. It can usually be carefully 
removed without damaging the model.)

Sand (This can be found in small quantities at 
a “dollar store” or craft store, or in much larger 
quantities at a hardware store, or at a beach.)

Plastic beads from a “dollar store” or craft store

Single-hole punch

Small metal picture hooks from a hardware store or 
craft store
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For Part 5 only

Rotating turntable

Model spaceship

String

Pulleys

Clamps

Stopwatch
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L e s s o n  5   (MATH,  PHYSICS)

Common Core Standards addressed by this lesson

CCSS.ELA-Literacy.WHST.11-12.1 
Write arguments focused on discipline-specific content.

CCSS.ELA-Literacy.WHST.11-12.2 
Write informative/explanatory texts, including the 
narration of historical events, scientific procedures/
experiments, or technical processes.

CCSS.ELA-Literacy.WHST.11-12.7 
Conduct short as well as more sustained research 
projects to answer a question (including a self-generated 
question) or solve a problem; narrow or broaden the 
inquiry when appropriate; synthesize multiple sources on 
the subject, demonstrating understanding of the subject 
under investigation.

CCSS.ELA-Literacy.WHST.11-12.8 
Gather relevant information from multiple authoritative 
print and digital sources, using advanced searches 
effectively; assess the strengths and limitations of 
each source in terms of the specific task, purpose, and 
audience; integrate information into the text selectively 
to maintain the flow of ideas, avoiding plagiarism and 
overreliance on any one source and following a standard 
format for citation.

CCSS.ELA-Literacy.WHST.11-12.9 
Draw evidence from informational texts to support 
analysis, reflection, and research.

CCSS.ELA-Literacy.RST.11-12.1 
Cite specific textual evidence to support analysis of 
science and technical texts, attending to important 
distinctions the author makes and to any gaps or 
inconsistencies in the account.

CCSS.ELA-Literacy.RST.11-12.2 
Determine the central ideas or conclusions of a text; 
summarize complex concepts, processes, or information 
presented in a text by paraphrasing them in simpler but 
still accurate terms.

CCSS.ELA-Literacy.RST.11-12.4 
Determine the meaning of symbols, key terms, and other 
domain-specific words and phrases as they are used in a 
specific scientific or technical context relevant to grades 
11-12 texts and topics.

CCSS.ELA-Literacy.RST.11-12.6 
Analyze the author’s purpose in providing an explanation, 
describing a procedure, or discussing an experiment in a 
text, identifying important issues that remain unresolved.

CCSS.ELA-Literacy.RST.11-12.7 
Integrate and evaluate multiple sources of information 
presented in diverse formats and media (e.g., quantitative 
data, video, multimedia) in order to address a question or 
solve a problem.

CCSS.ELA-Literacy.RST.11-12.9 
Synthesize information from a range of sources (e.g., 
texts, experiments, simulations) into a coherent 
understanding of a process, phenomenon, or concept, 
resolving conflicting information when possible.

CCSS.Math.Content.HSG.GMD.A.3 
Use volume formulas for cylinders, pyramids, cones, and 
spheres to solve problems.

CCSS.Math.Content.HSG.MG.A.2 
Apply concepts of density based on area and volume in 
modeling situations (e.g., persons per square mile, BTUs 
per cubic foot).

CCSS.Math.Content.HSG.MG.A.3 
Apply geometric methods to solve design problems 
(e.g., designing an object or structure to satisfy physical 
constraints or minimize cost; working with typographic 
grid systems based on ratios).
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Next Generation Science Standards addressed  

in this lesson

HS-ETS1-3 Engineering Design 
Evaluate a solution to a complex real-world problem 
based on prioritized criteria and trade-offs that account 
for a range of constraints, including cost, safety, 
reliability, and aesthetics as well as possible social, 
cultural, and environmental impacts.

HS-ESS1-4 Earth’s Place in the Universe 
Use mathematical or computational representations to 
predict the motion of orbiting objects in the solar system.

HS-PS2-2 Motion and Stability: Forces and 

Interactions 
Use mathematical representations to support the claim 
that the total momentum of a system of objects is 
conserved when there is no net force on the system.

HS-PS2-4 Motion and Stability: Forces and 

Interactions 
Use mathematical representations of Newton’s Law of 
Gravitation and Coulomb’s Law to describe and predict 
the gravitational and electrostatic forces between 
objects.

Objectives for AP Physics Courses

4. Angular momentum and its conservation 

a) Students should be able to use the vector product 
and the right-hand rule, so they can: 

(1) Calculate the torque of a specified force about 
an arbitrary origin. 

(2) Calculate the angular momentum vector for a 
moving particle. 

(3) Calculate the angular momentum vector for a 
rotating rigid object in simple cases where this 
vector lies parallel to the angular velocity vector. 

b) Students should understand angular momentum 
conservation, so they can: 

(1) Recognize the conditions under which the law 
of conservation is applicable and relate this 
law to one- and two-particle systems such as 
satellite orbits. 

(2) State the relation between net external torque 
and angular momentum, and identify situations 
in which angular momentum is conserved. 

(3) Analyze problems in which the moment of 
inertia of an object is changed as it rotates 
freely about a fixed axis. 

(4) Analyze a collision between a moving particle 
and a rigid object that can rotate about a fixed 
axis or about its center of mass. 
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Procedure

Part 1: Determining the amount of supplies required 

for a journey to Mars

1.  Explain to students that in this part of the lesson, they 
will try to estimate what food, water, and fuel would be 
necessary for a manned voyage to Mars. Distribute copies 
of the first “card” containing Problem #1 that you have cut 
from Handout 1. 

2.  Divide students into working groups. Give them time 
to discuss how they will go about solving this problem. 
Circulate while they are discussing answers to questions. 
Provide additional guidance as indicated on Teacher 

Resource Sheet 1. 

3.  Give them a deadline for solving the problem and explain 
the format you would like them to use for their answer (oral 
report, written report, Prezi or PowerPoint slide, etc.).

4.  As students solve each problem, give them the opportunity 
to compare their findings and discuss their methodology 
with the whole class. 

5.  Continue with additional questions from Handout 1 in 
the same manner. 

Part 2: Spinning the spacecraft

1.  Tell students that in this section of the lesson, they are 
going to consider the effects of weightlessness on the 
human body. 

2.  Distribute copies of Handout 2 and tell students your 
expectations for which questions you want them to 
answer. Read over the questions with the students to be 
sure that they understand. 

3.  Give them a deadline for solving the problems and explain 
the format you would like them to use for their answer (oral 
report, written report, Prezi or PowerPoint slide, etc.)

4.  When they are finished, give them the opportunity to 
compare their findings and discuss their methodology 
with the whole class.

Part 3: Scaling up and down

1.  Tell students that soon they are going to construct a 
model spaceship of their own, but that it is important 
to do a warm-up activity first, an exercise in scaling up 
and down. Distribute Handout 3. Explain to students 
that these questions are intended to lead them to a better 
understanding of how to determine the size of their 
model. 

2.  Depending on the level of your class, have them develop 
the answers to these questions in groups or independently 
as a review, or if necessary, work through each question in 
class until you are sure that they understand the concept 
and methods of scaling. 

Suggested answers: 
1. 27, 27s3 cm3

2. 53 cm3, 2.33 cm
3. 8:1, 2:1
4. 1:1
5. 1/27000th
6. 13,500 mL (13.5 liters)

Part 4: Designing and building a scale model of a 

Mars mission spacecraft

1.  Give students copies of Handout 4 and read through it with 
them, stopping to answer questions and encourage discussion. 
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2.  Show students the PowerPoint slideshow of one example 
of a spacecraft. You may wish to show this in its entirety 
at the beginning, and then review it with students as they 
move through the stages of the building project. You 
could also make the PowerPoint available to them through 
Moodle, Blackboard, or another electronic means, so that 
they can access it as needed. 

3.  Arrange the students into small teams, being careful to 
make the teams heterogeneous in terms of ability. 

4.  Give students the necessary time and assistance to work 
on their models as outlined on Handout 4. 

5.  Plan a day for students to share their models and discuss 
the planning that went into them. 

Part 5: Finding Moment of Inertia and Understanding 

Conservation of Angular Momentum

1.  Give students copies of Handout 5. Divide students into 
work groups based on the equipment you have available. 

2.  Review the handout with your students and then allow them 
to work through it, while you circulate to assist as necessary. 

3.  After the activity is completed and students have had 
a chance to consider the discussion questions, pull the 
class together for a debriefing and discussion of the four 
questions from the end of the handout. 

Part 6: Should we send humans to Mars?

For follow-up to whichever parts of the lesson you have used, 
give students Handout 6 and have them write an essay in 
response to the question and quotations on the handout. 

Extension Activities for Advanced Students

A. If relevant to the class, it may be interesting to have 
the students determine the moment of inertia of their 
models about the central axis. One method for doing 
this is to use a torsion pendulum. Essentially, this 
involves hanging the model from a wire, which itself 
is hanging from a rod by clamp or other fastener. The 
model is given a small (less than ~20 degrees) twist, and 
allowed to freely swing back and forth. By modeling 
the wire as a harmonic oscillator, the period of the 
motion can be related to the moment of inertia of the 
model. Although it is possible to determine the torsion 
constant from the properties of the wire, it is somewhat 
more practical to calculate it by measuring the period 
of oscillation for an object with a known moment. 
Also, a wide rubber band may be used in place of a 
wire, although a much larger twist angle must be used, 
and the approximation as a harmonic oscillator is not 
as good. If a rubber band is used, the students may 
need to wait through several oscillations for the motion 
to “settle down” to a relatively constant period.

B. The book The Case for Mars, by Robert Zubrin, 
first published in 1996, presents several options 
for relatively low-cost crewed missions to Mars. It 
explains the various technologies needed for space 
travel and survival on Mars in an accessible way. 
Zubrin has influenced many leading figures in the 
space community. He published a short update in 
2013, Mars Direct —Space Exploration, The Red Planet, 
and the Human Future, which describes advances in 
technology and costs.
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C. A chemistry-minded student may enjoy researching 
the Sabatier reaction, and how it is used on the 
International Space Station to remove carbon dioxide 
and at the same time recover water. Furthermore, this 
reaction produces methane, which can be used as a 
rocket fuel. The book The Case for Mars, noted above, 
describes in detail how this can be used to manufacture 
fuel for the return rocket on the surface of Mars, which 
dramatically reduces the amount of fuel needed to 
launch a Mars mission from Earth. Most modern 
proposals for Mars missions call for so-called in situ 
resource utilization (ISRU).

D. Some students may wish to try using physics and a 
computer modeling system to model Earth–Mars 
trajectories explicitly. VPython is a module for the 
Python programming language that is well suited 
for this. A particularly simple way to get started with 
VPython is to use GlowScript (http://www.glowscript.

org/). A short example of a program can be found at 
http://www.glowscript.org/#/user/gklakring/folder/

Public/program/EarthMarsorbit.

http://www.glowscript.org/
http://www.glowscript.org/
http://www.glowscript.org/#/user/gklakring/folder/Public/program/EarthMarsorbit
http://www.glowscript.org/#/user/gklakring/folder/Public/program/EarthMarsorbit
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1.  The Daedalus carries a six-person crew on an eight-
month trajectory to Mars. Make an initial estimate 
of the mass of food required. Base your estimate on 
reasonable guesses of any relevant quantities. State 
these guesses, and clearly show the calculations that led 
to your guess.

2.  Make a better estimate for the mass of food required, 
backed by data. You may research published data from 
NASA or other sources. Or you may wish to use an 
experiment of your own devising, carried out over the 
course of a day or more.

3.  The Daedalus landed with few supplies to spare. 
Are thin margins a reasonable design choice? Some 
Mars mission proposals call for the transport and 
landing vessel to also serve as a surface habitat for 
the astronauts. In addition, if the mission needs to be 
aborted before landing on Mars, the spacecraft would 
need to carry enough supplies for the return journey. 
On the other hand, more supplies will increase the fuel 
needed at launch, perhaps dramatically so. Compare 
your estimate for the food requirements with the total 
mass of the spacecraft, and discuss the benefits and 
downsides of extra food supplies.

4.  Is it realistic for the crew to grow their own food on the 
journey? If this were feasible, it would certainly result 
in mass savings, as organic material would be recycled 
into new crops. In addition, photosynthesis in the 
plants changes exhaled carbon dioxide into breathable 
oxygen. Indeed, this is one of the eventual goals of the 
colony on the Martian surface. Discuss the feasibility 
of this on the eight-month journey to Mars. You may 
wish to research the energy requirements, crop growth 
times, area required, and the actual efficiency of 
photosynthesis in removing carbon dioxide.

5.  Determine the mass of water required for a journey to 
Mars. Start by making an initial estimate of the mass of 
water consumed by the astronauts during the journey. 
Include both drinking water and water for other uses.

6.  As you did with food requirements, if time permits, 
obtain a better estimate of human water consumption 
through research and experimentation.

7.  If water is recycled, how much does this reduce your 
estimate for water requirements? Unlike food, recycling 
water is well within technological feasibility. It is done 
on a regular basis on the International Space Station, for 
example. However, no recycling system is a hundred 
percent efficient. Research the water recycling system 
on the International Space Station. What percent of 
an astronaut’s daily water use is recycled? Are there 
separate systems for drinking water and water for 
showering and toilets? Use your findings to refine your 
estimate for the amount of water required for a Mars 
mission.

8.  How much fuel is required? For the purposes of 
this model, we are ignoring the fuel required for the 
spacecraft to escape Earth and be put on a trajectory 
toward Mars. (Your teacher may assign an extension 
project in which you do calculate this.) However, the 
spacecraft does need fuel to slow down once it reaches 
Mars, and to land safely on the surface of the planet. 
Determine the amount of fuel necessary to do this. 
Explain the method you used to arrive at your answer.

H a n d o u t  1

L e s s o n  5   (MATH,  PHYSICS)

Problem Set 1:  
Supplies for the Journey to Mars
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1.  The Daedalus carries a six-person crew on an eight-month 
trajectory to Mars. Make an initial estimate of the mass of 
food required. Base your estimate on reasonable guesses 
of any relevant quantities. State these guesses, and clearly 
show the calculations that led to your guess.

Answers should not be random guesses, but reasoned 

estimates based on explicit calculations and clearly 

described assumptions about, for example, daily food intake 

for a human. This is a good time to probe and question 

assumptions made by the students, both stated and unstated, 

such as the water content of food, whether astronauts need 

more or less food than the average human (especially in a 

weightless environment), whether the type of food makes a 

difference to the mass (some foods are more calorie dense 

than others), etc.

Answers to this problem should be discussed before moving 

on to problem 2. However, you may wish to have students 

work on problems 1 and 5 at the same time.

Teacher  Resource 1

L e s s o n  5   (MATH,  PHYSICS)

Problem Set 1:  
Supplies for the Journey to Mars

2.  Make a better estimate for the mass of food required, backed 
by data. You may research published data from NASA or 
other sources. Or you may wish to use an experiment of your 
own devising, carried out over the course of a day or more.

One option might be to have one or two student volunteers 

measure their daily food intake, using an inexpensive kitchen 

scale. However, be aware that food can be a sensitive issue 

in many areas of the world, to say the least. When deciding 

whether to pursue this option, remember that you know your own 

students best. In any case, it should be purely voluntary. Note also 

that this is wet food — humans get a large amount of their daily 

water intake through food. Astronauts on the International Space 

Station eat a mixture of “fresh” food and rehydrated food.

Another option is to use published data on human food 

consumption. Here are several resources:

What the World Eats. (http://www.nationalgeographic.com/

what-the-world-eats/)

Closing the Loop: Recycling Water and Air in Space ( www.nasa.

gov/pdf/146558main_RecyclingEDA(final) 4_10_06.pdf)

Robert Zubrin’s book, The Case for Mars. Table 4.4 lists 

consumable requirements for four astronauts for 800 days. In 

summary, the requirements are 160 kg of oxygen, 1600 kg of 

dry food, 3200 kg of “whole food” (i.e., not dehydrated), and 

2080 kg of water. You can adjust these for a six-person crew 

to make sure your students’ estimates are not too unrealistic.

The YouTube video “Are You Lightest in the Morning?” by 

Veritasium at https://www.youtube.com/watch?v=lL2e0rWvjKI. 

Warning: Discusses human waste. Your students will be amused.

http://www.nationalgeographic.com/what-the-world-eats/
http://www.nationalgeographic.com/what-the-world-eats/
http://www.nasa.gov/pdf/146558main_RecyclingEDA(final)%204_10_06.pdf
http://www.nasa.gov/pdf/146558main_RecyclingEDA(final)%204_10_06.pdf
https://www.youtube.com/watch?v=lL2e0rWvjKI
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4.  Is it realistic for the crew to grow their own food on the 
journey? If this were feasible, it would certainly result 
in mass savings, as organic material would be recycled 
into new crops. In addition, photosynthesis in the plants 
changes exhaled carbon dioxide into breathable oxygen. 
Indeed, this is one of the eventual goals of the colony 
on the Martian surface. Discuss the feasibility of this 
on the eight-month journey to Mars. You may wish to 
research the energy requirements, crop growth times, area 
required, and the actual efficiency of photosynthesis in 
removing carbon dioxide.

The students should find in most cases that the answer is 

no, it is not efficient to grow food. The energy required, the 

risk factors involved (crop failures), and the small amount 

of carbon dioxide recycled all make such plans unfeasible. 

However, of course you should not accept simple “no” 

answers from students. Insist that they back up their answers 

with data and reasoning. 

It is worth noting that growing some plants has been 

demonstrated to be good for morale on the International 

Space Station, as well as in Antarctic research stations. Also, 

a small amount of fresh produce, while not supplying much 

in the way of calories, does give options for more varied and 

interesting meals.

Another possible discussion point is that possible future 

interstellar missions, ranging in time from decades to 

centuries, will certainly require a closed ecosystem, with all 

food crops grown in the ship.

Teacher  Resource 1

L e s s o n  5   (MATH,  PHYSICS)

Problem Set 1:  
Supplies for the Journey to Mars

3.  The Daedalus landed with few supplies to spare. Are thin 
margins a reasonable design choice? Some Mars mission 
proposals call for the transport and landing vessel to also 
serve as a surface habitat for the astronauts. In addition, if 
the mission needs to be aborted before landing on Mars, 
the spacecraft would need to carry enough supplies for 
the return journey. On the other hand, more supplies will 
increase the fuel needed at launch, perhaps dramatically 
so. Compare your estimate for the food requirements with 
the total mass of the spacecraft, and discuss the benefits 
and downsides of extra food supplies.

This is an especially good question for students in calculus-

based physics to research. The Tsiolkovsky rocket equation 

allows one to calculate what percent of the launch vehicle 

must be propellant, for a given exhaust velocity, change in 

velocity, and gravitational acceleration. Using a reasonable 

choice of propellant, such as liquid methane or liquid oxygen, 

students can check Ava’s statement from Episode 1, “For 

every kilo of liquid oxygen we bring, we need ten times that 

much propellant to get it there.”

Most Mars mission proposals include abort options that 

extend the travel time to up to two or even three years. 

Obviously, supplies for keeping the astronauts alive for that 

length of time would need to be carried with the spacecraft.
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Although students may think at first that this is a complicated 

calculation, it is not. For example, suppose that every day an 

astronaut requires 4 kg of water, and the recycling system is 

80% efficient. Then every day, 20% of 4 kg, or 0.8 kg of water 

is “lost” for each astronaut. Over the course of eight months, 

with six astronauts, this amounts to 0.8*6*240 = 1152 kg of 

water lost.

It is worthwhile to discuss with students what happens to the 

“lost” water. On the International Space Station, a lot of the 

water ends up as concentrated saline, which is impractical to 

purify. That does not mean it is no longer useful—it can still 

be used as radiation shielding.

Teacher  Resource 1

L e s s o n  5   (MATH,  PHYSICS)

Problem Set 1:  
Supplies for the Journey to Mars

5.  Determine the mass of water required for a journey to 
Mars. Start by making an initial estimate of the mass of 
water consumed by the astronauts during the journey. 
Include both drinking water and water for other uses.

As with problem 1, students should back up their results with 

clear assumptions and correct calculations.

6.  As you did with food requirements, if time permits, obtain 
a better estimate of human water consumption through 
research and experimentation.

The resources noted under problem 2 are also useful here. 

This may be a better candidate for student experimentation, 

less fraught with body-image issues. Solicit ideas for how to 

carry this out. Note: Teenagers often suggest collecting and 

measuring their own urine. Dissuade them from this because 

of the health and ick factors, but also because a large and 

variable amount of water is lost through perspiration; it is 

more accurate to measure going in than out. The Veritasium 

video referred to in the comments for problem 2 should 

satisfy their curiosity in this regard. 

7. If water is recycled, how much does this reduce your 
estimate for water requirements? Unlike food, recycling 
water is well within technological feasibility. It is done 
on a regular basis on the International Space Station, 
for example. However, no recycling system is a hundred 
percent efficient. Research the water recycling system 
on the International Space Station. What percent of an 
astronaut’s daily water use is recycled? Are there separate 
systems for drinking water and water for showering and 
toilets? Use your findings to refine your estimate for the 
amount of water required for a Mars mission.
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Problem Set 1:  
Supplies for the Journey to Mars

8. How much fuel is required? For the purposes of this 
model, we are ignoring the fuel required for the spacecraft 
to escape Earth and be put on a trajectory toward Mars. 
(Your teacher may assign an extension project in which 
you calculate this.) However, the spacecraft does need fuel 
to slow down once it reaches Mars, and to land safely on 
the surface of the planet. Determine the amount of fuel 
necessary to do this. Explain the method you used to 
arrive at your answer.

One possibility is for students to research published 

estimates for propulsive landings on Mars. Another method 

is to use a typical approach speed, of perhaps 7000 m/s, 

and calculate the change in kinetic and potential energy for 

the spacecraft to land on the surface, with a final speed of 

zero. (The approach speed actually depends on the type 

of orbit used to reach Mars.) Assuming methane or oxygen 

propellant, the mass of fuel required can be estimated. This 

will not be entirely accurate, however, because it discounts 

the change in mass of the spacecraft as it uses up its fuel. A 

third option for motivated students is to use the Tsiolkovsky 

rocket equation and the v required for a Mars landing to 

determine the ratio of initial to final mass over the course of 

the landing.
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H a n d o u t  2

L e s s o n  5   (MATH,  PHYSICS)

Problem Set 2:  
Spinning the Spacecraft

Directions: 

Work with your team to develop answers to the following problems: 

1. What does weightlessness do to the human body? The 
crewmembers of the Daedalus were weightless for the 
duration of their flight. Prolonged weightlessness is bad 
for the human body. Without vigorous daily exercise, 
muscles atrophy at an alarming rate. Investigate the health 
problems that result from a zero-g environment. Describe 
these problems, and discuss the steps currently taken to 
combat these problems.

2. Why does spinning the spacecraft result in “simulated 
gravity”? Is there actually a “downward” (or, rather, 
outward) force on the astronauts? What forces are 
actually acting on the astronauts? Using a force diagram 
(free body diagram), illustrate the difference between the 
forces on an astronaut on a spinning spacecraft and a 
person standing, unmoving, in a room on the surface of 
the Earth.

3. Suppose the outer floor of the habitat is 10 meters from 
the axis of rotation. Determine the number of rotations 
per minute for the spacecraft that would simulate gravity 
at the surface of Mars. What would your answer be for a 
floor that is R meters from the axis?

4. A Coriolis force is an apparent force that results from 
motion in a moving reference frame. It is responsible for 
many effects on the surface of the Earth (which of course 
is rotating), including the typical direction of rotation of 
hurricanes in the Northern versus Southern Hemisphere. 
In a spacecraft, Coriolis effects from rotation that is 
too fast can act on the inner ear to promote dizziness 
and nausea. Look up what research has been done on 
acceptable levels of Coriolis force in spacecraft, and use 
this to determine the minimum radius of your spacecraft, 
given that it must simulate Mars gravity. Describe any 
other peculiar effects of the Coriolis force that astronauts 
may observe in a rotating spacecraft. (For example, will a 
thrown tennis ball behave differently than on Earth?)
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Problem Set 2:  
Spinning the Spacecraft

2. Why does spinning the spacecraft result in “simulated 
gravity”? Is there actually a “downward” (or, rather, 
outward) force on the astronauts? What forces are 
actually acting on the astronauts? Using a force diagram 
(free body diagram), illustrate the difference between the 
forces on an astronaut on a spinning spacecraft and a 
person standing, unmoving, in a room on the surface of 
the Earth.

The simulated gravity in a spinning spacecraft is an example 

of a fictitious force, that is, a force that results from using a 

non-inertial reference frame. There is no outward-pointing 

“down” force. The feeling of weight comes from the floor of 

the spacecraft pushing “up” toward the axis of rotation, just 

as with a floor on Earth. On the spacecraft, this “upward” 

force causes the astronauts’ velocity to change continuously, 

moving them in a circular motion about the spacecraft’s axis. 

Conversely, for a person standing on Earth and not moving, 

the upward force from the floor or ground balances the 

downward gravitational force.

This is actually a subtle and sometimes difficult point to 

get across in a physics classroom. It can be challenging to 

mentally remove yourself from a reference frame in which 

your surroundings are not stationary.

1. What does weightlessness do to the human body? The 
crewmembers of the Daedalus were weightless for the 
duration of their flight. Prolonged weightlessness is bad 
for the human body. Without vigorous daily exercise, 
muscles atrophy at an alarming rate. Investigate the health 
problems that result from a zero-g environment. Describe 
these problems, and discuss the steps currently taken to 
combat these problems.

Some other effects of weightlessness: Bones lose mass, and can 

often take years to recover fully, if ever. Blood tends to pool in the 

upper body, which tricks the body into thinking it has too much 

blood. So astronauts tend to lose about 20 percent of their blood 

in the first few days of zero-g. This is about twice the amount 

of blood lost during a typical blood donation, and even a blood 

donation can result in dizziness and nausea, especially upon 

standing.

A good overview of the effects of weightlessness can be 

found in “Gravity Hurts (So Good)” at http://science.nasa.

gov/science-news/science-at-nasa/2001/ast02aug_1/. 

All these conditions mean the crew of the Daedalus was physically 

both weak and fragile when it landed on Mars, at exactly the 

time physical performance was most needed. Furthermore, 

weightlessness leads to a host of other technical difficulties, not 

least of all in showering and going to the bathroom. (Indeed, one 

of the astronauts complains about this in an episode.)

One way to head off these problems is to create artificial 

gravity in the spacecraft. Unfortunately, Star Trek style “gravity 

generators” are not possible. However, spinning the spacecraft 

at an appropriate rate can simulate a gravitational field. “Up” 

will then be toward the rotational axis of the craft.

http://science.nasa.gov/science-news/science-at-nasa/2001/ast02aug_1/
http://science.nasa.gov/science-news/science-at-nasa/2001/ast02aug_1/
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Problem Set 2:  
Spinning the Spacecraft

4. A Coriolis force is an apparent force that results from 
motion in a moving reference frame. It is responsible for 
many effects on the surface of the Earth (which of course 
is rotating), including the typical direction of rotation of 
hurricanes in the Northern versus Southern Hemisphere. 
In a spacecraft, Coriolis effects from rotation that is 
too fast can act on the inner ear to promote dizziness 
and nausea. Look up what research has been done on 
acceptable levels of Coriolis force in spacecraft, and use 
this to determine the minimum radius of your spacecraft, 
given that it must simulate Mars gravity. Describe any 
other peculiar effects of the Coriolis force that astronauts 
may observe in a rotating spacecraft. (For example, will a 
thrown tennis ball behave differently than on Earth?)

A great video (actually a pair of videos, played simultaneously) 

that illustrates the Coriolis force due to the Earth’s rotation 

can be found here: http://www.smartereveryday.com/

toiletswirl/. This is a collaboration between Veritasium 

(http://veritasium.com/) and Smarter Every Day (http://

www.smartereveryday.com/).

Sources vary on acceptable upper limits to spin rates for 

humans over long periods of time, ranging anywhere from 

2 rpm to 23 rpm. See, for example, for the 23 rpm figure: 

Adapting to artificial gravity (AG) at high rotational speeds. 

Hecht, H., Brown, E. L., & Young, L. R. (http://adsabs.harvard.

edu/full/2002ESASP.501..151H).

Robert Zubrin in The Case for Mars cites 6 rpm as workable.

3. Suppose the outer floor of the habitat is 10 meters from 
the axis of rotation. Determine the number of rotations 
per minute for the spacecraft that would simulate gravity 
at the surface of Mars. What would your answer be for a 
floor that is R meters from the axis?

For motion in a circle of radius r at constant speed v, the 

acceleration of an object points toward the center of the circle,  

and has a magnitude of  . Therefore the necessary  

angular velocity is  which can be converted into 

rotations/minute.

http://www.smartereveryday.com/toiletswirl/
http://www.smartereveryday.com/toiletswirl/
http://veritasium.com/
http://www.smartereveryday.com/
http://www.smartereveryday.com/
http://adsabs.harvard.edu/full/2002ESASP.501..151H
http://adsabs.harvard.edu/full/2002ESASP.501..151H
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Directions: 

Calculate the answers to the following questions:

H a n d o u t  3  •  p . 1
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Scaling Up and Down

1. A small cubical sponge, one centimeter on a side, is dropped in a glass of water. It quickly expands to a cube that is three 
centimeters on each side. By what factor does the volume expand? What would be the volume of a sponge of the same 
material with a side length of s after it is dropped into a glass of water?

2. A spherical sponge, made of the same material as in the previous problem, has a volume of 1431 cubic centimeters when 
immersed in water. What is its volume when dry? Its radius?

3. A glass marble has a mass of 20 grams. Another marble, made of the same type of glass, has a mass of 160 grams. What is 
the ratio of the volume of the large marble to the volume of the small marble? What is the ratio of their radii? (Radii is the 
plural of radius.)



J o u r n e y s  i n  F i l m :  M A R S

4. The density of an object is the ratio of its mass to its volume. Two glass marbles made of the same type of glass are sitting on 
a table. Marble A  has twice the volume of marble B. What is the ratio of their densities?

5. A small model of a World War II fighter plane is described as a 1:30 scale model. This means that any length on the model 
plane is 1/30th of the corresponding length on the actual plane. How large is the volume of the model plane in comparison 
with the volume of the actual plane?

6. (More challenging.) If 15 milliliters of paint is required to cover the model plane with a single coat of paint, how much paint 
is required to cover the actual plane in a single coat of paint of the same thickness?

H a n d o u t  3  •  p . 2
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Scaling Up and Down
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In this project, you will design and build a model of a spacecraft capable of taking six astronauts from Earth to the surface  
of Mars. Unlike the Daedalus, your spacecraft must provide artificial gravity by spinning in some way.

H a n d o u t  4  •  p . 1
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Building a Model Spacecraft

1. Your teacher will supply you with materials to build a scale 
model of your spacecraft. Carefully measure, cut, shape, 
and assemble your design.

Your teacher will also provide various materials, such 
as sand or plastic beads, meant to represent the cargo. 
You should also have a number of resealable plastic bags 
or small bottles in which you will place these materials. 
You may need to mix two materials together to achieve a 
density that accurately represents a given type of cargo. Be 
careful to firmly attach the cargo to the spacecraft in such 
a way that it will not wobble when spun, and will stand 
upright on the Martian surface.

2. Determine the shape of the spacecraft. Prepare a detailed 
sketch. Do not begin building until your teacher has 
approved your design. Consider the following factors:

Since the vessel will rotate, your design must be symmetrical 
about an axis. The simplest shape is a cylinder, but it may 
also be ring shaped, bow-tie shaped, or some other shape 
of your choosing. Another option is to rotate the spacecraft 
about a long tether, with a counterweight of some sort at 
the other end. (One option is to use the spent upper stage of 
the rocket used to launch the spacecraft from Earth as the 
counterweight.) Be prepared to discuss the strengths and 
weaknesses of your design.

Your spacecraft must also be able to land on the surface 
of Mars. Since the Martian atmosphere is extremely thin, 
the spacecraft will use downward-facing rocket engines 
to slow its descent from hypersonic speeds to near zero 
speed, so it can land gently on the surface. It is acceptable 
to jettison some portions of the spacecraft before landing, 
but the majority of the vessel must be capable of landing 
on the surface of Mars.

Since the vessel will land on the surface and be used as a 
habitat, it must be capable of standing on a flat surface. 
In addition, it should not be too difficult to rearrange the 
interior to reflect the (possibly) new “down” direction.

Determine the scale of your model, i.e., the ratio of model 
length to actual length. Your model should be no longer 
than 50 cm in any direction, and have a mass of no more 
than 0.5 kg.

Determine the scaled-down mass of food, water, oxygen, 
fuel, scientific equipment, rovers, engines, human cargo, 
and any other things contained in the spacecraft.
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3. The sun sends charged particles outward at high velocities, 
as well as some harmful wavelengths of light. Normally the 
Earth’s magnetic field and atmosphere protect us from the 
solar wind, but astronauts outside of low Earth orbit are 
exposed to it. The spacecraft hull protects against some 
forms of radiation from the sun, but not all. Thus, without 
additional protection, astronauts on a Mars mission have 
a somewhat elevated risk for cancer in their lifetimes. If 
the astronauts are unlucky enough to be caught in a more 
energetic solar event, such as a coronal mass ejection, they 
are in much greater danger. 

Fortunately, a layer of water approximately one meter thick 
between the astronauts and the sun is enough to protect 
them against all but the worst events. Determine whether 
the mission has enough water to protect the entire living 
quarters from the sun. (Remember, it does not need to 
surround the entire craft—it just needs to protect the side 
facing the sun.) If there is not enough water, you may wish 
instead to place the water storage tanks so that they protect 
just the sleeping quarters, or just a “safe room” where the 
astronauts wait out any particularly violent events.

H a n d o u t  4  •  p . 2
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Building a Model Spacecraft
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Procedure:

1. Place the turntable on a level surface, such as a table or lab 
bench, a few inches from the edge.

2. Clamp the pulley onto the edge of the table so that the line 
from one edge of the axle of the turntable to the pulley is 
perpendicular to the edge of the table.

3. Tie the string onto one of your masses. Thread your string 
over the pulley so that the mass is hanging freely and the 
bottom is some height, h, above the ground. Measure h.

4. Wrap the other end around the axle of the turntable 
multiple times. The size of the mass and h should be 
chosen so that if you let the mass go it takes a few seconds 
to fall to the floor. The string should be wrapped around 
the axle enough times so that when the mass hits the floor 
a portion of the string is still tightly wrapped. Adjust your 
masses and string until these two conditions are met.

5. Starting with the bottom of your mass at h, rotate the 
turntable one full revolution and measure the change in h.

6. (Question) How are angular distances (measured in 
radians) and linear distances mathematically related? Use 
this relation and the change in h from the previous step to 
determine the radius of the axle of the turntable.

7. Return your mass to a height h, keeping the string taut. 
Release the mass, and then time how long it takes until the 
bottom of the mass hits the floor. Repeat this observation 
at least five times and take an average of the measured 
times.

8. (Question) What is a kinematic expression that will allow 
you to find the acceleration of the mass given the initial 
data? Use this expression to calculate the acceleration of 
the mass.

9. (Question) Use Newton’s second law to calculate the net 
force on the mass. If the net force is a combination of the 
tension in the string and gravity, what is the tension?

10. (Question) Use the tension force and the radius of the 
axle to calculate the torque exerted by the string on the 
turntable. (You will need to figure out how forces and 
torques are related.) Similarly, use the relation between 
linear and angular acceleration to determine the angular 
acceleration of the turntable. 

11. (Question) You now have enough information to 
determine the moment of inertia of the turntable via the 
angular form of Newton’s second law. Do so.

H a n d o u t  5  •  p . 1
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Finding Moment of Inertia  
And Understanding Conservation 
Of Angular Momentum

This activity will guide you through calculating the moment of inertia of an object using a turntable, pulley, string, and masses.

Materials you will need: Rotating turntable, model spaceship, string, known masses, pulleys, clamps, and a stopwatch.
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You can now repeat the steps on the previous page to find 
the moment of inertia of any object by placing it on the 
turntable. As you collect your data, record the information 
on a diagram, label the physical quantities (s, r, etc.) so that 
you can make the connections with the formulas that you 
will use. 

To find the moment of inertia of your model:

1. Find a point on the desired rotation axis through the 
center of mass of your model.  This can be done by finding 
the spot where, if you held up your model by a finger at 
that spot, it a) would balance and b) could be freely spun 
in the desired manner and remain supported by your 
finger.  This spot is on the rotation axis. 

2. Place the found spot on top of the center of the turntable. 
This mimics the fact that spaceships, since they are not 
attached to anything, must rotate about an axis that goes 
through their center of mass.

3. Repeat steps 7–11 on the previous page as directed by 
your teacher.

4. Just as the mass of two objects is additive, so is the moment 
of inertia. Use the moment of inertia of the model + 
turntable and the moment of inertia of the turntable alone 
to find the moment of inertia of your model.

5. Reposition the supplies in your model to change the 
moment of inertia. Where is the moment of inertia 
smallest? Where is it largest?

Discussion Questions: 

a. For a spinning spacecraft the angular momentum is always 
conserved unless the spaceship thrusters act to change it. 
If supplies are used up and ejected from the ship, what 
will that do to the angular velocity of the ship? How will 
that change the effective gravity? Given the mass of a ship, 
fuel for a Mars landing, and the mass of the supplies you 
estimated, is this a problematic concern for a realistic 
Mars mission?

b. How should supplies be distributed to minimize any 
changes in the effective gravity as they are used or moved 
in the ship? What should happen to waste products?

c. If we wanted to change the spin of the ship via thrusters, 
where should we put the thrusters for maximum efficiency 
and how should we point them?

d. How would you cause the spacecraft to rotate without 
using thrusters at all? (Such a procedure can be done and 
is commonly used.)

H a n d o u t  5  •  p . 2

L e s s o n  5   (MATH,  PHYSICS)

Finding Moment of Inertia  
And Understanding Conservation 
Of Angular Momentum



J o u r n e y s  i n  F i l m :  M A R S

A. Suggested answers for the questions given in the 
Procedure:

6. (Question) How are angular distances (measured in 
radians) and linear distances mathematically related? 
Use this relation and the change in h from the previous 
step to determine the radius of the axle of the turntable.

Answer: An angular distance is related to the 
corresponding linear distance by  where  is the 
angular distance (or angle), s is the linear distance (or 
arc length) and r is the radius of the circle.

8. (Question) What is a kinematic expression that will 
allow you to find the acceleration of the mass given 
the initial data? Use this expression to calculate the 
acceleration of the mass.

Answer:  where the initial 
velocity is zero,  is the initial height above the floor, 

 is the final height (usually taken to be zero) and  is 
the time of the fall. Remember that  will be negative, as 
it is the  component of a downward-pointing vector.

9. (Question) Use Newton’s second law to calculate the 
net force on the mass. If the net force is a combination 
of the tension in the string and gravity, what is the 
tension?

Answer:  where  with  
being the tension,  the mass of the object on the end 
of the string and  the magnitude of the 
gravitational field strength near the Earth’s surface.

10. (Question) Use the tension force and the radius of the 
axle to calculate the torque exerted by the string on 
the turntable. (You will need to figure out how forces 
and torques are related.) Similarly, use the relation 
between linear and angular acceleration to determine 
the angular acceleration of the turntable. 

Answer:  where  is the tension force  and  
is the radius of the axle of the turntable. The angular 
acceleration is  where a is the magnitude of the 
acceleration found in question 8. 

11. (Question) You now have enough information to 
determine the moment of inertia of the turntable via 
the angular form of Newton’s second law. Do so.

Answer:  We have  and  from question 10 and 
so can find .

Teacher  Resource 3
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Finding Moment of Inertia  
And Understanding Conservation 
Of Angular Momentum

The following commentary may be useful to you with the activity on Handout 5. 
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B. Discussion questions

These discussion questions are geared toward a better 
understanding of angular momentum , moment of 
inertia , and angular velocity . In particular students 
can investigate the consequences of the relation between 
the three quantities above, .

a. If supplies are used up and ejected from the ship, what 
will that do to the angular velocity of the ship?

Each object in the overall supply rotates with the 
ship and contributes to the total moment of inertia.  
Therefore, as you eject any object, you will change the 
moment of inertia of the ship. If the object is ejected 
with no angular momentum, then by conservation of 
angular momentum the angular velocity must increase.  
Students will often think that ejecting with no angular 
momentum corresponds to simply releasing the object 
from the rim of the ship — after all, then one is not 
giving any extra momentum to the object. However, 
the object as it is held on the rim of the ship is rotating 
around the central axis and hence already has angular 
momentum, which is then lost from the ship. This loss 
of angular momentum compensates for the reduction, 
leaving the angular velocity invariant. 

To change the angular velocity, the supply object 
must be ejected from the rim with a different angular 
velocity. The crew can’t just let it go; they need to 
launch it toward or against the direction of rotation as 
seen from a point on the rim of the ship. Launching it 
against the direction of rotation will speed the rotation 
up, while launching it toward the direction of rotation 
will slow the rotation down. In essence, used supplies 
can serve in the same capacity as thrusters.  Students 
can see this simply with the following logic.

1. Write the total angular momentum as  
     .

2. Write the total moment of inertia as  
     .

3. Relate the two quantities above by  
.  

Note that the two angular velocities are equal when 
the supplies are on the ship, but can differ once the 
supplies are ejected.

4. Determine how ejecting supplies at different 
angular velocities changes  and hence 

.

5. By conservation of angular momentum argue that 
since  is unchanged,  must increase or 
decrease inversely to compensate for the change in 

.

Teacher  Resource 3
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6. Use  to then show that  
must increase or decrease proportionally.

a. How will that change the effective gravity? 

The effective gravity is proportional to the angular 
velocity squared, so it can be increased or decreased 
by ejecting used supplies. A useful exercise is to ask 
students to calculate the percentage change in the 
effective gravity given the various masses and radii 
of their ships and ejection of 100 kg of supplies at 
twice the angular velocity of their ship. This will 
help them to work through, using the steps above, 
what the new  is, and then with  , 
to get their new effective gravitational acceleration. 
For students taking calculus, there is an opportunity 
to connect this calculation to the idea of a linear 
approximation. Since  appears quadratically 
and the change from such a small mass ejection 
is tiny, one can show the idea of expansion of 
a quadratic and keeping only linear terms, i.e., 

. 

b. How should supplies be moved during the trip to 
change the effective gravity from Earth gravity to 
Martian gravity?

Movement of supplies to the outer rim of the ship 
will tend to slow the ship’s rotation down and lessen 
the surface gravity.  

L e s s o n  5   (MATH,  PHYSICS)

Teacher  Resource 3 Finding Moment of Inertia  
And Understanding Conservation 
Of Angular Momentum

c. If we wanted to change the spin of the ship via 
thrusters, where should we put the thrusters for 
maximum efficiency and how should we point 
them?

The magnitude of the thruster torque on the 
spacecraft  is , where  is the radius of 
the ship,  is the force of the thruster, and  is the 
angle between the thrust exhaust direction and the 
radius from the center of the ship to the thruster. 
To maximize the torque, which will change the spin 
of the ship the most, the thrusters should be on the 
rim and pointed perpendicular to the radius, as this 
maximizes both R and the sine. You don’t open a 
door by pushing near the hinges!

d. How would you cause the spacecraft to rotate 
without using thrusters at all? (Such a procedure 
can be done and is commonly used.)

This can be done using reaction wheels, where 
you spin up a mass inside the spacecraft, which 
by conservation of angular momentum starts the 
whole spacecraft spinning in the opposite direction. 
See the discussion at https://solarsystem.nasa.gov/

basics/bsf11-2.php for more details.

https://solarsystem.nasa.gov/basics/bsf11-2.php
https://solarsystem.nasa.gov/basics/bsf11-2.php
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Directions: 

Pick one of the following questions to investigate. Write an analysis of 1,500 to 2,000 words about the question you choose. Be 
sure to cite all sources you use.

H a n d o u t  6  •  p . 1
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Going to Mars:  
Some Larger Questions to Consider

Topic A: Is space travel worth the risks and 

resources?

Is human space travel worth it? In the series MARS, the 
astronauts encountered tragedy, and the mission came close 
to failure on several occasions. In addition, a human presence 
could contaminate any potential Martian microbial life. So 
some argue that the risks involved in human spaceflight 
outweigh any potential gains. Others respond that we must 
explore the universe outside our own planet, and that humans 
in person are far better at exploration than any robotic probe, 
no matter how advanced.

Read the following quotations and then write an essay that 
addresses this question. You can take a position for or against 
human exploration, or some other viewpoint. However, you 
should research and reference the views of others in the space 
community, possibly including, but not limited to, those of 
Musk, Lakdawalla, or Westfahl. (Note that their remarks on 
this handout do not fully represent their viewpoints.) Other 
prominent figures who have expressed positions on this 
issue include Carl Sagan, Whitney Young, John F. Kennedy, 
Robert Zubrin, and Neil deGrasse Tyson.

A. I should explain, perhaps, the rationale for why I think 
it’s important to establish a self-sustaining colony on 
Mars.… We’ve got all of our eggs in one basket here 
[on Earth]. We should try to protect that basket and do 
everything we can, but there are some risks that are just 
extremely difficult to mitigate and some which we will 

ultimately not be able to mitigate. So, it just seems like 
the right thing to do, and then the next question is should 
we do it now, or should we wait for some point in the 
future, and I think the wise move is to do it now, because 
the window of technology for this is open. And it’s the 
first time that window’s been open in the 4.5-billion-
year history of Earth. That’s a long time. I certainly hope 
that the window will be open forever, but it may also 
close. If you look at the history of technology in various 
civilizations. If you look at, say, ancient Egypt where 
they were able to build these incredible giant pyramids, 
and then they forgot how to build the pyramids and then 
they couldn’t read hieroglyphics. Or you look at Roman 
civilization, they were able to build these incredible 
aqueducts and roads and then they forgot how to do 
that. They had indoor plumbing, and they forgot how 
to do indoor plumbing. There’s clearly been a cycle with 
technology. Hopefully, that’s an upward sloping sine 
wave that continues on to be really great in the future, 
but maybe it doesn’t. Maybe there’s some bad thing that 
happens. So, for 1% of our resources we could buy life 
insurance for life, collectively, and I think that would be 
a good thing to do.

—Elon Musk,  
“One-on-one with Elon Musk,” October 24, 2014 at 
(https://www.youtube.com/watch?v=PULkWGHeIQQ)

https://www.youtube.com/watch?v=PULkWGHeIQQ
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B. But all bets are off once you send humans to Mars. There 
is absolutely no way to make a human clean of microbes. 
We are filthy with microbes, thousands and thousands 
of different species. We continuously shed them through 
every pore, every orifice, with every exhalation, and from 
every surface. True, almost all of our microscopic friends 
would fail to thrive in the radiation-baked, intensely cold 
and arid Martian environment. But life is incredibly 
tenacious. Sooner or later, humans will get to Mars; 
even if they die in the attempt, some of their microbial 
passengers will survive even the worst crash. Once we’ve 
put humans on the surface, alive or dead, it becomes 
much, much harder to identify native Martian life.

This is one of many reasons I’m glad that The Planetary 
Society is advocating an orbit-first approach to human 
exploration. If we keep our filthy meatbag bodies in space 
and tele-operate sterile robots on the surface, we’ll avoid 
irreversible contamination of Mars—and obfuscation of 
the answer to the question of whether we’re alone in the 
solar system—for a little while longer. Maybe just long 
enough for robots to taste Martian water or discover 
Martian life.

—Emily Lakdawalla,  
“NASA’s Mars Announcement: Present-day transient 

flows of briny water on steep slopes, Sep 28, 2015”  
(http://www.planetary.org/blogs/emily-

lakdawalla/2015/09281219-nasas-mars-announcement.html)

H a n d o u t  6  •  p . 2
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C. But today we have an alternative way to obtain knowledge 
from space without human travelers: satellites and space 
probes. These do not work as well as human explorers, 
but they provide a reasonable amount of new knowledge 
at a reasonable price. The Viking Mars landers, Voyager 
space probes, and Hubble Space Telescope demonstrate 
that we can significantly advance our knowledge and 
understanding of the universe without actually moving 
into space ourselves. Even the most recent development 
that has inspired calls for new space initiatives—evidence 
of ancient life on Mars—can be investigated with 
machines more quickly and efficiently than with people. 
In the long run, we may learn more from people living 
in space; but in the short run, we will surely get enough 
knowledge from robotic surrogates to keep scientists busy 
and happy.

—Gary Westfahl, “The Case Against Space”  
(http://www.depauw.edu/sfs/essays/westfahl%20case.html)

http://www.planetary.org/blogs/emily-lakdawalla/2015/09281219-nasas-mars-announcement.html
http://www.planetary.org/blogs/emily-lakdawalla/2015/09281219-nasas-mars-announcement.html
http://www.depauw.edu/sfs/essays/westfahl%20case.html


J o u r n e y s  i n  F i l m :  M A R S

Topic B: Sardines in a can

What happens when you can’t “slam the front door”? In any 
Mars mission, the astronauts will be spending a very long 
period of time in a confined space. Quite a bit of research has 
been done on human behavior in such places. Look into this 
research in detail. (A good starting place is the book Packing 
for Mars by Mary Roach, from which the quote below is 
taken. However, you should also look for primary scientific 
sources.) Astronauts are highly trained and carefully vetted 
for psychological stability, but is this enough? How can long 
travel in cramped quarters be made endurable? Eventually, 
ordinary people may travel to Mars in large numbers. Is this a 
good idea, given that even trained astronauts can sometimes 
face difficulties?

The bottom line is that space is a frustrating, unforgiving 
environment, and you are trapped in it. If you’re trapped long 
enough, frustration metastasizes to anger. Anger wants an outlet 
and a victim. An astronaut has three from which to choose: a 
crewmate, Mission Control, and himself. Astronauts try not 
to vent at each other because it makes a bad situation worse. 
There’s no front door to slam or driveway to speed out of. You’re 
soaking in it. “Also,” says Jim Lovell, who spent two weeks on a 
loveseat with Frank Borman during Gemini VII, “you’re in a 
risky business and you depend on each other to stay alive. So you 
don’t antagonize the other guy.” … Some time around the sixth 
week of a mission, says University of California, San Francisco, 
space psychiatrist Nick Kanas, astronauts begin to withdraw 
from their crewmates, become territorial, and displace their 
hostility for each other onto Mission Control.

—Mary Roach, Packing for Mars 
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Going to Mars:  
Some Larger Questions to Consider

Topic C: Is Mars the best target?

Mars is often seen as a good target for human missions 
because of its relative similarity to Earth, its potential for 
harboring alien microbial life, and its large supply of water 
and other materials necessary for human survival. However, 
some argue that we should focus on exploring the Moon, 
because of its relative proximity to Earth. Others argue for 
asteroid exploration, because many asteroids are rich in 
valuable minerals that can be mined for use on Earth. Still 
others advocate for Venus exploration, because, while the 
surface is completely inhospitable, its upper atmosphere 
is relatively Earthlike (aside from constant acid rain and 
hurricane force winds).

Research several viewpoints of those in the space community 
and summarize their arguments. Highlight points for and 
against each viewpoint. State your own conclusion about the 
best target for human exploration, based on your research, 
backed up with reasoning and examples.
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Are We There Yet? Distance and Speed in Space

Enduring Understandings 

• Our ability to travel fast across land, through the air, 

and through space has increased over time.

• Mathematics can be used to solve real world 

problems, to make predictions, and to communicate 

solutions.

• There are limits to the speed at which humans can 

travel.

Essential Questions

• How fast have humans been able to move, using land, 

air, and space vehicles throughout history?

• How long does it take to get to planets in our solar 

system and beyond?

• What are the factors that are keeping us from traveling 

to different planets and beyond?

Notes to the Teacher

The television series MARS describes a journey to Mars 
and the attempts to set up a human settlement there. This 
lesson addresses the realities of getting there. In Part 1, 
students analyze data on a graph regarding the speeds of 
various vehicles throughout history. They analyze trends in 
the increase in speed of land vehicles, air vehicles, and space 
vehicles, and see what those trends predict for the present and 
the future. Data can be easily found online, if desired, and be 
provided to students. Wikipedia has a fairly comprehensive 
list, and in this case is a suitable data source. 

It is beneficial to use a computer to graph the data, so that 
students can manipulate axes, add and remove data points, 
and do curve fitting; Logger Pro, Excel, Capstone, Sparkvue, 
or online graphing programs such as Desmos can all be used. 
(Directions for the curve-fitting process are not included, as 
the specifics for that are dependent on the platform.) Be sure 
you are familiar with that process before doing the lesson. 
While data tables and graphs can be done by hand, doing so 
with a graphing program makes the large number and range 
of values much more manageable. Putting all of the data on 
one graph is worth doing, just to get an initial idea of trends, 
but much more detail can be seen if data for land speed 
records are separate from airspeed records. Additionally, 
showing the airspeed data both with and without the 
spacecraft speeds is interesting graphically. Students are 
prompted to do this on the handout.

For the land speed records, the data basically creates two 
straight-line sections with different slopes. For the airspeed, 
the data shows a curved pattern. Sample graphs are shown in 
the answer key.
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There is an answer sheet provided for you at the end 
of Handout 1. You may wish to make a PowerPoint 
presentation from the graphs provided in the Teacher 
Answer Sheet for this activity to facilitate the discussion. 

In Part 2, students practice math skills to calculate speed or 
time of interplanetary or interstellar travel. There are only 
three questions, so this activity could be done independently 
as homework, or you may choose to do it in class with 
students working either independently or in small groups. 
There is an answer sheet provided for you at the end of 
Handout 2.

This worksheet uses the equation for average speed, but with 
very large numbers. Have students pay careful attention to 
units. The first two problems are for actual spacecraft, and 
the third is a hypothetical. There are many topics that might 
come out in a class discussion regarding interstellar space 
travel—relativity, wormholes, etc.

The lesson also contains a research extension that allows 
students to present something that they found interesting 
in their research. Depending on the time available, student 
presentations can range from short oral presentations 
to elaborate videos. This content is rich with compelling 
questions that students can get excited about. Note that this 
activity can be done by individuals, pairs, or small groups. 
This activity can take as much or as little time as you wish. 
Alternately, it can be given as an out-of-class assignment or 
for extra credit.

Duration of Lesson

Two or three class periods (or more, if class time is 
given for extension activity)

Assessments

Participation in class discussion 

Part 1 graphical analysis

Part 2 math practice

Research presentation (optional)

Materials

Computers for Internet research (unless you provide 
data) and for investigation of extension activity

A graphing program such as Excel, Logger Pro, 
or Capstone, with curve-fitting capabilities, (It is 
assumed in this lesson that you are comfortable with 
data entry and curve-fitting. Any specific directions 
for this would depend on the software being used.)

Computers and other supplies to create 
presentations, movies, websites, etc., to present 
research for extension activity

Photocopies of the following handouts for each 
student: 

Handout 1: Faster and Faster Over Time 
(graphing exercise)

Handout 2: Space Travel (math exercise)

Handout 3: New Technologies for Space 
Travel: An Open-Ended Research Project

Teacher answer sheets for Handouts 1 and 2
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L e s s o n  6   (MATH/HISTORY)

Common Core Standards addressed by this lesson

Common Core Mathematics Standards addressed by 
this lesson

CCSS.MATH.CONTENT.HSF.LE.A.2 
Construct linear and exponential functions, including 
arithmetic and geometric sequences, given a graph, a 
description of a relationship, or two input-output pairs 
(include reading these from a table).

CCSS.MATH.CONTENT.HSF.LE.B.5 
Interpret the parameters in a linear or exponential 
function in terms of a context.

CCSS.MATH.PRACTICE.MP2 
Reason abstractly and quantitatively.

CCSS.MATH.PRACTICE.MP4 
Model with mathematics.

CCSS.MATH.PRACTICE.MP5 
Use appropriate tools strategically.

Common Core English Language Standards 
addressed by this lesson

CCSS.ELA-LITERACY.RST.11-12.2 
Determine the central ideas or conclusions of a text; 
summarize complex concepts, processes, or information 
presented in a text by paraphrasing them in simpler but 
still accurate terms.

CCSS.ELA-LITERACY.RST.11-12.7 
Integrate and evaluate multiple sources of information 
presented in diverse formats and media (e.g., quantitative 
data, video, multimedia) in order to address a question or 
solve a problem.

CCSS.ELA-LITERACY.RST.11-12.9 
Synthesize information from a range of sources (e.g., 
texts, experiments, simulations) into a coherent 
understanding of a process, phenomenon, or concept, 
resolving conflicting information when possible.

Procedure

Part 1: Faster and Faster Over Time

1.  Ask students to estimate how fast they travel to get to 
school: walking, by car, by bike, by school bus. How fast 
do they travel for recreation (by skateboard, for example)? 
When they take a family trip, what is the speed at which 
they have traveled (by train or airplane)? 

2.  Arrange students in small groups. Distribute Handout 1: 

Faster and Faster Over Time and review the directions 
with them. Ask them to research how fast humans have 
been able to travel throughout the past 200 years. Tell them 
to search for land speed records and airspeed records. 
Suggest that they can even start with Wikipedia; remind 
them that they should be sure that they are consistent in 
use of kilometers per hour rather than miles per hour. 

3.  Have them design a graph to show the data they have 
found. Tell them that the x axis can be the actual year, or 
it can be the number of years past 1900, which makes the 
origin zero.

4.  As the data is being graphed, stop and have each group 
point out something interesting about their graph. Ask 
them about their first impressions about what the graphs 
say. It is important that students try to comprehend the 
meaning of the graphs while they are doing the work, so it 
is not just a lesson in data entry. Repeat this questioning 
and discussion throughout.

5.  Discuss the concept of a curve fit (a computer’s attempt 
to create an equation that fits the data) and try different 
functions until one matches the shape of the data on the 
graph. 

http://www.corestandards.org/Math/Content/HSF/LE/A/2/
http://www.corestandards.org/Math/Content/HSF/LE/B/5/
http://www.corestandards.org/Math/Practice/MP5/
http://www.corestandards.org/ELA-Literacy/RST/11-12/2/
http://www.corestandards.org/ELA-Literacy/RST/11-12/7/
http://www.corestandards.org/ELA-Literacy/RST/11-12/9/
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6.  Discuss the idea of extrapolating beyond the data range 
provided to see how the curve predicts quantities for 
future years. Looking at the graph, it predicts incredibly 
fast speeds for both graphs. Questions 4, 5 and 9 on the 
handout address the realities and the downsides of curve 
fitting.

7.  Using the few data points for manned spacecraft, point out 
the relative plateau in the record speeds. Questions 11–14 
address the spacecraft data and the lack of agreement with 
the previous curve fit.

Part 2: Space Travel

1.  Either put students back into their groups from Part 1 
or arrange new groups. Review briefly the major points 
covered in the class discussion for Part 1. 

2.  Distribute Handout 2: Space Travel to each student. 
Review the directions with your students and answer any 
questions they have. Give them time to work and circulate 
as they discuss their answers to the questions on the 
handout. 

3.  Move students back into a whole group and go over 
not only the answers but also the process that they used 
to arrive at the answers. Use the Teacher Answer Sheet 
provided for Handout 2 as a guide for the discussion. 

Extension Activity

1.  Discuss with students some possible research topics that 
are germane to what they have learned in this lesson. Ideas 
include:

a. Alternative means for propulsion: new technologies 
such as solar sails, nanoFET thrusters, plasma-based 
propulsion systems, nuclear fission/fusion propulsion.

b. The effects of acceleration on humans or the effect of 
zero g.

c. The specifics of space travel: costs to build, fuel usage, 
the problems with launch of manned craft above 
escape velocity, growing food and recycling water and 
oxygen in space.

d. Issues with interstellar travel: warp drives, wormholes.

2.  Distribute Handout 3: New Technologies for Space 

Travel: An Open-Ended Research Project and review 
it with students. Give students time to do initial research 
so that they know enough to formulate a workable topic. 
Ask them to plan how they will present it. As they discuss 
their ideas, hold conferences with individuals, pairs, or 
small groups to provide guidance. Do not skimp on time 
at this stage of the project. 

3.  Allow students sufficient time to work on their research 
and presentation, either in class or independently. 
Encourage those working with other students to use a 
program such as Google Drive to work together. 

4.  Have them present their question and its answer in 
an infographic, a video such as a news broadcast or an 
interview, a slideshow, a poster, or any other acceptable 
method.
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Name  ________________________________________________________________________________________________________

H a n d o u t  1  •  p . 1

L e s s o n  6   (MATH/HISTORY)

Faster and Faster Over Time

Throughout history, how fast have humans been able to move, using land, air, and space vehicles? To answer this question, 
use the Internet or your library to find speed records. Record the speed in km/h along with the year each speed was attained.

A.  Create table(s) for your data. Excel, Logger Pro, or other software should be used to graph the data. For the land speed vehicles, 
specify whether they are propelled by internal combustion engines or rockets. For airspeed vehicles, specify if they are 
spacecraft. If you prefer, make a different table for each type of vehicle. Your graph headings should look something like this:

B.  Graph your data.

Initially, you might choose to put everything on the same axes, just to see what the pattern looks like. However, to see more 
detail and to perform the analysis below, graph land speed records and dates separately from airspeed records and their 
dates. 

c.  Use your graph of land speed records to respond to the following:

1.  Describe the general shape of this graph. On the graph itself, indicate which points were driven by internal combustion 
engines and which were rocket driven.

2.  Discuss how the record land speeds have increased during history. Has it been a constant increase?

Record Speeds

Year Speed Type of vehicle
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3.  If there are sections of the graph that seem to follow a linear pattern, use the linear fit function to match the data.

4.  When did the rate of land vehicles begin to show a marked increase? What type of technology powered these vehicles? Using 
this section of data, and the equation for linear fit, extrapolate how fast we “should” be able to move in the year 2020.

5.  The fastest land vehicles are the most modern ones. What type of technology powered these vehicles? What do you notice 
about the rate of increase during this period? According to the linear fit equation for this section of data, determine how 
fast we “should” be able to move in the year 2020.

6.  The fastest land speed ever was recorded in 1997. Why doesn’t the rate of increase in record speeds continue to increase 
at the same rate? Specifically, think of some practical reasons why we can’t just keep going faster and faster on land.

H a n d o u t  1  •  p . 2

L e s s o n  6   (MATH/HISTORY)

Faster and Faster Over Time
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Use your graph of airspeed records to answer the following questions. Do not include spacecraft at this point.

7.  What is the general shape of the graph?

8.  Using a curve fit, try to match the data with a mathematical model equation. Which model works the best? 

9.  By manipulating the axes, you can see what the graph would show for speed values for years in the future. According to 
the graph, what “should” the record airspeed be for the year 2020? 

10. How reasonable are your answers to #9? What are practical reasons that we can’t just keep going faster and faster in air?

H a n d o u t  1  •  p . 3

L e s s o n  6   (MATH/HISTORY)

Faster and Faster Over Time
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Now add the data for spacecraft. 

11. How does the graph change with this data included?

12. What is the pattern of spacecraft record speeds? 

13. Compare the curve fit that you created with only the aircraft data with the data points from the spacecraft data. Do they 
align with the graph?

14. What was the fastest space vehicle, and during which year did it fly? Why do you think we haven’t made a manned space 
craft go faster than this one?

H a n d o u t  1  •  p . 4

L e s s o n  6   (MATH/HISTORY)

Faster and Faster Over Time
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The data graphed below was collected from Wikipedia. Spacecraft data was harder to find in one location, so the data includes 
John Glenn’s 1962 orbit, Apollo 10’s record in 1969, and a typical space shuttle speed. Feel free to have students find more data.

Use your graph of land speed records to answer the following questions:

1.  Describe the general shape of this graph. On the graph, indicate which points were driven by internal combustion engines 
and which were rocket driven. 

See graph 1 in the following pages. The graph looks somewhat linear, but an initial plateau, followed by a uniform increase 
from the 1920s to 1940, then another plateau. A drastic change in record speeds begins in the 1960s, but after 1965 the rate 
of change is much less and somewhat constant. On this graph, the hollow red dots are wheel driven and the solid orange dots 
are rocket driven. 

2.  Discuss how the record land speeds have increased during history. Has it been a constant increase?

It seems to be constant with similar technologies, but each reaches a plateau before a new type of propulsion is discovered.

3.  If there are sections of the graph that seem to follow a linear pattern, use the linear fit function to match the data. 

See graph 2 in the following pages.

4.  When did the rate of land vehicles begin to show a marked increase? What type of technology powered these vehicles? Using 
this section of data, and the equation for linear fit, extrapolate how fast we “should” be able to move in the year 2020.

The speeds increased significantly in the 1920s through 1940. These were wheel-driven vehicles. Either by adjusting the axes, 
using the linear equation, or by using an interpolate/extrapolate tool, students should see that according to the linear fit 
from the early data our speeds would be about 2400 km/h by 2020.

5.  The fastest land vehicles are the most modern ones. What type of technology powered these vehicles? What do you notice 
about the rate of increase during this period? According to the linear fit equation for this section of data, determine how 
fast we “should” be able to move in the year 2020.

These newer vehicles are rocket-powered. While they move much faster than wheel-driven vehicles, the rate of increase (i.e., 
the slope of the line) is less. Using the methods described above, students should see that according to linear fit from the more 
recent data our speeds would be about 1275 km/h—significantly less than the previous prediction.

Handout  1:  Teacher 
Answer Sheet

L e s s o n  6   (MATH/HISTORY)

Faster and Faster Over Time
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6.  The fastest land speed ever was recorded in 1997. Why doesn’t the rate of increase in record speeds continue to increase 
at the same rate? Specifically, think of some practical reasons why we can’t just keep going faster and faster on land.

Answers will vary. Certain technologies have their limitations, and once we have reached them, our speeds plateau. Since 
rockets depend on thrust, or the expulsion of particles, rockets can only keep thrusting as long as there is material remaining. 
The more material, the heavier. Of course if the vehicle is moving along the ground, friction and air resistance are factors.

Use your graph of airspeed records to answer the following questions. Do not include spacecraft at this point.

7.  What is the general shape of the graph?

See graph 3 in the following pages. The graph is a curve, showing more and more increase as a function of time.

8.  Using a curve fit, try to match the data with a mathematical model equation. Which model works the best? 

Students might initially try a quadratic or other power equation, but a natural exponential function fits the best. Depending 
on student comfort, you can analyze the equation, or simply acknowledge that it provides a good match for the data given 
indicating a mathematical pattern for growth.

9.  By manipulating the axes, you can see what the graph would show for speed values for years in the future. According to 
the graph, what “should” the record airspeed be for the year 2020? 

By adjusting the axes, or using interpolate/extrapolate function, or by using the formula, students can determine that the 
speed “should” be 225,000 km/h.

10. How reasonable are your answers to #9? What are practical reasons that we can’t just keep going faster and faster in air?

Just as in #6 above, we seem to have reached the maximum speed for this current type of rocket technology based on 
limitations of thrust. This is evident by the last point, which is the record-holding SR-71 Blackbird, set in 1976, which is 
already starting to show a plateau in speed increase on the graph. Students may also discuss effects of high accelerations on 
humans if they have learned the physics of motion.

Handout  1:  Teacher 
Answer Sheet

L e s s o n  6   (MATH/HISTORY)

Faster and Faster Over Time
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Now add the data for spacecraft. 

11. How does the graph change with this data included?

See graph 4 in the following pages. The scale of the y-axis, airspeed, is so much greater with the spacecraft included that 
the other data is “squished” and changes are less evident. However, the exponential growth curve appears to be an even 
better match. How “good” your data looks on a graph can be affected by the scale from which you view it. Graph 4 has the 
spacecraft data included as points, but they are not incorporated into the data with the curve fit.

12. What is the pattern of spacecraft record speeds versus year?

Just looking at the spacecraft data, which in this case is just three points, it is clear that it does not follow the curve of the 
previously graphed airspeed data and that there is no clear pattern. 

13. Compare the curve fit that you created with only the aircraft data with the data points from the spacecraft data. Do they 
align with the graph?

No, the spacecraft data is well above the aircraft curve prior to the year 2000 and well below it after. 

14. What was the fastest space vehicle, and during what year did it fly? 

The record speed (39,876 km/h) still stands with the Apollo 10 mission in 1969.

15. Why do you think we haven’t made a manned space craft go faster than this one?

Answers will vary, but primarily the answer is the energy released by the fuel available in the spacecraft. We need some kind 
of significant change in the technology to improve spacecraft speeds.

Handout  1:  Teacher 
Answer Sheet

L e s s o n  6   (MATH/HISTORY)

Faster and Faster Over Time
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L e s s o n  6   (MATH/HISTORY)

Handout  1:  Teacher 
Answer Sheet

Faster and Faster Over Time*
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Handout  1:  Teacher 
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H a n d o u t  2  •  p . 1

L e s s o n  6   (MATH/HISTORY)

Space Travel

Name  ________________________________________________________________________________________________________

Directions: 

Assuming we have the spacecraft in our future to reach other planets, how long will it take to reach another planet? The time 
to reach planets in our solar system depends on the distance to the planet and the speed at which we can move through space. 
From the previous exercise, you learned that the speeds of various spacecraft have not changed significantly in the past 40 
years. To escape Earth’s gravitational pull, we have to go about 40,000 km/h—closer to Apollo’s record speed than to the speeds 
of spacecraft that orbit the Earth. We can use the relationship below to solve for unknown variables. 

Work with your group to answer the following questions: 

1.  How long would it take to go from the Earth to Mars? To minimize fuel, a rocket is launched from Earth with just enough 
speed so that it orbits the sun on a trajectory that brings it to Mars. It then needs to slow down to match Mars’ speed around 
the sun. The curved distance between these two points on such a trajectory is about 500,000,000 km.  The European Space 
Agency’s ExoMars orbiter was launched on March 14, 2016, with an expected landing of October 19, 2016.

a.  Calculate the average speed (km/h) at which the orbiter moved.

b.  How is this high speed possible, if the record launch speed to date is only 58,500 km/h? (Hint: Consider the reference 
frame, and the orbital speed of the Earth around the sun.)
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2.  To get to Pluto, the New Horizons probe traveled 5,000,000,000 km in 9.5 years.

a.  Calculate the average speed (km/h) of New Horizons.

b.  Besides its own power, what boosted New Horizons’ speed on its journey?

3.  How long would it take us to get to an exoplanet? The closest known planet outside of our solar system was just discovered 
in 2016. It is called Proxima b, and is 4.2 light years away.

a.  Convert 4.2 light years to km, knowing that a light year is the distance light travels in a year. Light moves at 3.0 x 105 km/s.

b.  If we traveled at the maximum speed that any object has ever traveled (Helios 2 traveled around the sun at 252,792 
km/h), how long would it take us to get to Proxima b?

H a n d o u t  2  •  p . 2

L e s s o n  6   (MATH/HISTORY)

Space Travel
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Directions: 

Assuming we have the spacecraft in our future to reach other planets, how long will it take to reach other planets? The time 
to reach planets in our solar system depends on the distance to the planet and the speed at which we can move through space. 
From the previous exercise, you learned that the speeds of various spacecraft have not changed significantly in the past 40 
years. To escape Earth’s gravitational pull, we have to go about 40,000 km/h—closer to Apollo’s record speed than to the speeds 
of spacecraft that orbit the Earth. We can use the relationship below to solve for unknown variables. 

Work with your group to answer the following questions: 

1.  How long would it take to go from the Earth to Mars? To minimize fuel, a rocket is launched from Earth with just 
enough speed so that it orbits the sun on a trajectory that brings it to Mars. It then needs to slow down to match Mars’ 
speed around the sun. The curved distance between these two points on such a trajectory is about 500,000,000 km.  The 
European Space Agency’s ExoMars orbiter was launched on March 14, 2016, with an expected landing of October 19, 
2016.

a.  Calculate the average speed (km/h) at which the orbiter will move.

First, calculate the time period between March 14 and October 19: 219 days

b.  How is this high speed possible, if the record launch speed to date is only 58,500 km/h? (Hint: Consider the 
reference frame, and the orbital speed of the Earth around the sun.)

The orbiter was launched from the Earth in the direction of Earth’s motion around the sun. The Earth itself is moving 
at 108,000 km/h, in the same direction, so the orbiter moves that much faster. The answer above is the average speed, 
which is somewhere between the orbital speed of Earth and the orbital speed of Mars.

Handout  2:  Teacher 
Answer Sheet

L e s s o n  6   (MATH/HISTORY)

Space Travel
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2.  To get to Pluto, the New Horizons probe traveled 5,000,000,000 km in 9.5 years.

a.  Calculate the average speed (km/h) of New Horizons.

b.  Besides its own power, what boosted New Horizons’ speed on its journey?

New Horizons got an initial boost in speed from Earth’s orbit speed, and then another gravitational boost from Jupiter.

3.  How long would it take us to get to an exoplanet? The closest known planet outside of our solar system is Proxima b, 
which is 4.2 light years away.

a.  Convert 4.2 light years to km, knowing that a light year is the distance light travels in a year. Light moves at 3.0 x 105 km/s.

b.  If we traveled at the maximum speed that any object has ever traveled (Helios 2 traveled around the sun at 252,792 
km/h), how long would it take us to get to Proxima b?

Handout  2:  Teacher 
Answer Sheet

L e s s o n  6   (MATH/HISTORY)

Space Travel
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As you have seen, when humans develop a new technology for travel, the speed record increases for a while, but inevitably 
it plateaus.  This implies that, to reach planets or even stars in shorter times, we will need to develop fundamentally new 
technologies. As an extension to this lesson, choose a space technology topic that interests you and begin to research it. After 
your initial research, develop an interesting but manageable question to answer with additional research. 

Write your question here:

To present your findings, you can make a visual/oral presentation, a movie, a website, a song, an infographic or a poster, or 
anything else that would work for you. Discuss your choice with your teacher and make sure it is a reasonable approach that 
can be finished in the time frame allowed.

Describe your proposed presentation:

Submit this handout to your teacher for approval before you begin extensive research.

H a n d o u t  3

L e s s o n  6   (MATH/HISTORY)

New Technologies for Space Travel: 
An Open-Ended Research Project

Name  ________________________________________________________________________________________________________
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‘The Martians Have Landed!’  
Mars in Science Fiction

Enduring Understandings 

• Science fiction is a form of fantasy that blends 

scientific knowledge with creative imagination.

• Science fiction can provide interesting perspectives on 

human history, human nature, and what humans have 

done with Planet Earth.

• The popularity of science fiction reflects cultural 

fascination with the potential of science and 

technology.

Essential Questions

• Why are people so fascinated with Mars in particular, 

the nearest planet to Earth in our solar system?

• To what extent does science fiction reflect factual 

knowledge and truth?

• Can science fiction be viewed as serious literature? 

Why, or why not?

Notes to the Teacher

Fascination with Mars is nothing new—in fact, it dates back 
to ancient times. The planet is sometimes clearly visible in the 
night sky, but with the Renaissance invention of the telescope, 
astronomers became able to examine parts of the planet in 
detail. With increasingly refined scientific tools, 19th-century 
scholars observed what appeared to be canals on the surface of 
Mars, generating conjecture about the possibility of life there, 
past, present, or future. Thus came about a fertile field for 
that unique breed of writing called science fiction, a blend of 
scientific knowledge and flights of creative imagination.

Some see science fiction as outside the sphere of serious 
literature; at times it can tread close to the frissons of horror 
fiction or to superficial entertainment. Like all fantasy, it 
can evoke snorts of disbelief and disdain. At other times, 
though, it verges on the poetic and combines elements of 
social commentary, historical analysis, and philosophical 
perspectives. In fact, one generation’s fantasy can emerge as 
reality for the next generation.

Unmanned space flights and the Mars rover have given us 
“up close and personal” looks at Mars, and the possibility 
that astronauts will land there beckons not far in the future. 
The result will be a new hoard of scientific knowledge and a 
new lode for fiction writers.

This lesson focuses on the nature of science fiction, especially 
on ways it has dealt with Mars. With Handouts 1 and 2, 
students first consider characteristics of this type of writing. 
Students then use Handout 3 to discuss the possibilities of 
several scenarios for science fiction and note that the genre 
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has the potential for serious commentary. Handout 4 

acquaints the class with some landmark titles, beginning with 
H.G. Wells’s chilling 1897 classic, The War of the Worlds, and 
prepares individuals or small groups to investigate specific 
works, design posters, and present information to the class 
regarding their findings. The National Geographic global 
event series MARS is an excellent example of ways science 
and fiction can interconnect.

You can tailor the projects or presentations to suit your 
students’ abilities and interests and to accommodate time 
constraints. Some classes do well focusing on a single work, 
such as Ray Bradbury’s The Martian Chronicles, and dividing 
the stories among student groups. Others flourish with full-
blown individual or group investigation of entire works. 
Before you begin Part 3, decide: 

• Will students work in small groups or as individuals?
• How much are the students required to read? 
• Should they use computer programs (Prezi, PowerPoint, 

etc.) or poster board for their presentations? 
• What are the intermediate and final deadlines?
• What should the length of the presentation be? 

Whatever approach you choose, you will want to embed 
discussion about the connections between the fiction and 
scientific investigation and about thematic perspectives, 
which are not always obvious.

In evaluating the projects and presentations, give special 
attention to evidence of careful reading (not mere use of 
convenient summaries). Consider also connections between 
the text and scientific knowledge; the effective use of 
graphics; and insights into characters and themes. Rubrics 
for assessing the essay and presentation are included on the 
Teacher Resource Sheet at the end of this lesson. 

Duration

Two or three class days, plus time for students to 
prepare posters and present their research

Assessment 

Definition and description of science fiction 

Participation in class discussion 

Poster and class presentation 

Final essay based on class discussion and 
presentations

Materials

Handout 1: Science + Fiction = ?

Handout 2: Quotes About Science Fiction

Handout 3: What If?

Handout 4: Dipping Into Science Fiction

Copies of science fiction texts or selected passages 
from them as listed on Handout 4

Episode from the National Geographic television 
series MARS

Optional: Internet sources that provide 
supplementary materials such as: 

• The recording of Orson Welles’s 1938 radio 
broadcast War of the Worlds

• Episodes of The Martian Chronicles 

• One or more clips from the 2013 movie Gravity, 
from Star Wars, or from the television series  
Star Trek
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Common Core Standards addressed by this lesson

CCSSELA-LITERACYCCRAR.1 
Read closely to determine what the text says explicitly 
and to make logical inferences from it; cite specific 
textual evidence when writing or speaking to support 
conclusions drawn from the text.

CCSSELA-LITERACYCCRAR R.2 
Determine central ideas or themes of a text and analyze 
their development; summarize the key supporting details 
and ideas.

CCSSELA-LITERACYCCRAR R.8 
Determine and evaluate the argument and specific claims 
in a text, including the validity of the reasoning as well as 
the relevance and sufficiency of the evidence.

CCSSELA-LITERACYCCRAR R.9 
Analyze how two or more texts address similar themes 
or topics in order to build knowledge or to compare 
approaches the authors take.

CCSSELA-LITERACYCCRAR W.2 
Write informative/explanatory tests to examine and 
convey complex ideas and information clearly and 
accurately through the effective selection, organization, 
and analysis of content.

CCSSELA-LITERACYCCRAR SL.4 
Present information, findings, and supporting evidence 
such that listeners can follow the line of reasoning and 
the organization, development, and style are appropriate 
to task, purpose, and audience.

Procedure

Part 1: What Is Science Fiction?

1.  Show all or part of an episode from the National 
Geographic global event series MARS. Explain to students 
that this series is unusual, because it blends scripted 
elements (a story about a team of astronauts heading 
to Mars) and nonscripted elements (interviews with 
scientists). Tell them that most books and films that deal 
with space exploration are one or the other, not both, and 
that they are now going to study what is meant by the 
term “science fiction.” 

2.  Ask students to brainstorm experiences they have had 
with science fiction either in print or in video form. List 
on the board various subjects of science fiction. (Space 
travel, extraterrestrial beings, robotics, time travel, genetic 
engineering, communication devices, modes of travel, 
future utopias and dystopias, outer space colonization, 
invasions from other planets)

3.  Point out that humans have always been involved in 
science. For example, the invention of the wheel was 
a remarkable accomplishment for Stone Age humans. 
Medieval alchemists sought to transmute other elements 
into gold. The Renaissance opened up studies of anatomy 
and astronomy. The blossoming of science came with 
the 19th century and has continued ever since. Explain 
that whatever interests people in general also draws the 
attention of writers.
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4.  Distribute Handout 1 and ask students to read the 
information and then make a list of the science fiction 
books they have read and the science fiction films and 
television shows that they have experienced.

5.  Begin a discussion about the lists students have made, 
using their responses to demonstrate that science fiction 
is prevalent in many stories people enjoy, sometimes 
as a central concern, sometimes simply as part of the 
background or as a complicating factor in a plot. Follow 
with a discussion based on the following questions:
• Some people distinguish between escape writing and 

serious literature. Define the terms for students. (Escape 
writing is that written mainly for entertainment and 
serious literature is writing that is more enduring and 
artistic). Where would you classify science fiction? Why?

• Why is science fiction popular among today’s reading 
and viewing public?

6.  Distribute Handout 2, and assign each student to unpack 
one or more of the quotations. Follow with class discussion 
that explores the underlying ideas behind the quotations. 
(Sample answers: Unlike other kinds of fantasy, science 
fiction poses a possibility of becoming reality. Like 
other genres, science fiction can merge with other types 
of writing, for example romance, adventure, or horror 
stories. Change is a central focus of science fiction—and 
dealing with change is a central challenge in life. Science 
fiction involves unbridled flights of imagination and may 
not predict happy endings.)

7.  Assign students to write short essays in which they provide 
an original definition of science fiction, cite one example 
with which they are familiar, and state how the piece 
blends scientific knowledge with creative imagination.

Part 2: Science Fiction Scenarios

1.  Distribute Handout 3 and read the directions together. 
Ask students to brainstorm possible alternatives for 
Scenario 1. If necessary, prompt an awareness of 
alternatives. For example, for the first scenario, would 
humans hunt and kill some of the animals? Would they 
take pictures and videos of them? Would they construct 
cages to take samples back to Earth? On Earth, would 
the samples survive? Would they be used for scientific 
experiments or displayed in zoos?

2.  Divide the class into small groups. Ask students to 
complete the handout in their groups.

3.  Follow with a class discussion in which students share 
responses to the scenarios. For each response, ask: What 
does this outcome say about the kind of people we are, 
about our assumptions and motivations?

Sample Responses

Scenario 1:
• Astronauts would cage some of the animals for 

scientific investigation back on Earth. (We commonly 
see everything else in the universe as subservient to us, 
subject to our whims and will.)

• Crewmembers would take potshots at animals to 
practice marksmanship. (Some people often want to 
kill creatures as a form of sport or entertainment.)

Scenario 2:
• A fully armed SWAT team would converge to destroy 

the space ship and to kill or capture any beings that exit 
it. (We see uninvited visitors as invaders, potential threats 
to safety and security. We assume that they are hostile.)
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4.  Ask students to write a paragraph in response to the 
following prompt: How can science fiction provide 
insights into human nature? What can it reveal about 
what we have made of ourselves over the course of our 
millennia on Earth?

Part 3: Analyzing Science Fiction

1.  Prior to the lesson, ask students to do a quick Internet 
search to see if much science fiction has been written 
related to Mars. If you don’t want them to do an unguided 
Internet search, you could suggest that they begin with 
one or more of the following websites: 

https://www.goodreads.com/list/show/302.100_
Science_Fiction_and_Fantasy_Books_set_on_or_
about_Mars

http://www.sf-encyclopedia.com/entry/mars

http://www.latimes.com/books/jacketcopy/la-jc-10-
out-of-this-world-science-fiction-books-about-mars-
20120806-photogallery.html

2.  Open the lesson by asking what they discovered. 
(Hundreds of works in various languages have been 
written about Martians coming to Earth and about people 
from Earth going to the red planet. Evidently Mars has 
long been as interesting to writers as to scientists.) 

3.  Ask students, based on their knowledge about Mars, 
what questions those books would be likely to consider. 
(Can Mars support life in any form? If Martians did 
exist, would they be friendly or hostile to Earthlings? If 
Martians have observed Earth from afar, what would they 
think about human beings? What physical characteristics 
would Martians have? What adventures would astronauts 
be likely to experience during an expedition to Mars? If 

• People would gather in the surrounding streets and 
paths through the park to see the spaceship and watch 
events. (People are filled with curiosity. They feel free 
to stop and watch as events unfold.)

Scenario 3:
• The astronauts would quietly return to their spaceship 

and leave the planet. (Either fear or respect would 
motivate people to recognize the rights of the planet’s 
inhabitants.)

• The astronauts would open fire on the inhabitants 
in order to demonstrate superiority. (We believe we 
have a right to claim everything in the universe. We 
are convinced of our own superiority and ownership 
rights.)

Scenario 4:
• The astronauts would be polite guests, would enjoy 

their stay, and would initiate diplomatic relations. 
(We respect beings that we see as just like us.)

• The astronauts would secure permission for humans 
to come to form colonies on the planet. (We are eager 
for an alternative to life on Earth.)

Scenario 5:
• The astronauts would report to mission control that 

they have found a highly desirable environment ripe 
for colonization and construction. (We have a right to 
claim anything we find.)

• The astronauts would strive to teach younger residents 
of the planet that hunting and gathering is a primitive 
way of life, and that they can do better. (We highly 
value advancing technology.)

https://www.goodreads.com/list/show/302.100_Science_Fiction_and_Fantasy_Books_set_on_or_about_Mars
https://www.goodreads.com/list/show/302.100_Science_Fiction_and_Fantasy_Books_set_on_or_about_Mars
https://www.goodreads.com/list/show/302.100_Science_Fiction_and_Fantasy_Books_set_on_or_about_Mars
http://www.sf-encyclopedia.com/entry/mars
http://www.latimes.com/books/jacketcopy/la-jc-10-out-of-this-world-science-fiction-books-about-mars-20120806-photogallery.html
http://www.latimes.com/books/jacketcopy/la-jc-10-out-of-this-world-science-fiction-books-about-mars-20120806-photogallery.html
http://www.latimes.com/books/jacketcopy/la-jc-10-out-of-this-world-science-fiction-books-about-mars-20120806-photogallery.html
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there once was life there, what happened to it? If humans 
exhaust Earth’s resources or confront self-destruction, 
will it be possible to start over again on Mars?)

4.  Explain that, of the hundreds of Martian stories, some are 
no longer in print and others seem to offer little to today’s 
readers. A few stand out as classics in the genre because 
they are both well written and substantial in structure, 
characterization, and thematic implications. Distribute 
Handout 4 and review the information with the class.

5.  Clarify for students the parameters for the assignment as 
you have determined them: 

• Small groups or individual work
• Length of reading assignment
• Computer programs (Prezi, PowerPoint, etc.) or 

poster board for presentation
• Intermediate and final deadlines
• Presentation length

6.  Allow sufficient time for students to complete both the 
work and the presentations. 

7.  When all presentations have been given, ask students to 
write short essays in which they compare how two works 
they have learned about treat Earth and Mars.
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Directions: 

Read the following information carefully. Then in your notebook make a list of the books you have read and television shows 
or movies that you have watched that fit into the category of science fiction.

H a n d o u t  1

L e s s o n  7   (LANGUAGE ARTS)

Science + Fiction = ?

At first glance, science and fiction seem to have very little 
in common. Science is interested in empirical observations, 
facts, and analysis. Scientists use tools such as electron 
microscopes, color spectrometers, and massive telescopes. 
They can distinguish malignant cells from benign cells, 
identify chemical elements, and measure galactic distances. 
The scientific method consists of the development of 
hypotheses and rigorous lab testing.

On the other hand, fiction focuses on creativity and 
imagination. Storytellers weave together plots, characters, 
and settings, once using pen or pencil and paper, now 
more often word-processors. Originality is highly valued 
as playwrights, novelists, and other writers strive to rivet 
attention and to prompt thought and insights.

Over the centuries, these two seemingly disparate realms of 
science and fiction have demonstrated connections that may 
seem surprising. For example, the French writer Edmond 
Rostand (1868–1918) is today most famous for his remarkably 
large-nosed hero, Cyrano de Bergerac, but he also imagined 
tools and processes to enable humans to travel to the moon 
and back. His audiences would no doubt have seen the idea as 
mere fantasy, but decades later audiences witnessed American 
astronauts walking on the moon’s surface.

Early in the 19th century Mary Shelley wrote her famous 
novel, Frankenstein, about a scientist’s efforts to use the 
power of electricity to create life—an ill-fated venture in 
this often adapted and filmed classic. Today, scientists use 
advanced technological tools to extend life and are able to 
clone individual creatures. 

Twentieth-century writers in the genre now referred to 
as science fiction imagined all sorts of robotic devices that 
seemed to most readers interesting, amusing, or threatening, 
but certainly beyond the limits of possibility. Today 
amputees can walk, run, and ski on prosthetic devices; robots 
can plumb the depths of the sea and detonate suspicious 
packages left in airports. 

Science fiction writers have focused on all aspects of science 
and technology, including travel in outer space, and have 
created tales about extraterrestrial life (both friendly and 
hostile) and interplanetary travel. Mars, our nearest neighbor 
in the solar system, has been a frequent focal point. As NASA 
sends unmanned flights there and plans for astronauts to 
visit in the not-too-distant future, it is interesting to look 
back at some landmark fictional views, to analyze their 
presentations, and to consider what those presentations say 
about the cultures from which they emerged. 
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Directions: 

Read the following comments about science fiction and briefly explain their meanings.

H a n d o u t  2

L e s s o n  7   (LANGUAGE ARTS)

Quotes About Science Fiction

1.  “Every science fiction movie I have ever seen, any one that’s worth its weight in celluloid, warns us about things that 
ultimately come true.” (Stephen Spielberg)

2.  “I do love science fiction, but it’s not really a genre unto itself; it always seems to merge with another genre.” (Rian Johnson)

3.  “Change is the principal feature of our age, and literature should explore how people deal with it. The best science fiction 
does that, head-on.” (David Brin)

4.  “I define science fiction as fiction in which things happen that are not possible today, that depend, for instance, on advanced 
space travel, time travel, the discovery of green monsters on other planets or galaxies, or that contain various technologies 
we have not yet developed.” (Margaret Atwood)

5.  “I have read tons of science fiction. I was fascinated by other worlds, other environments. For me it was fantasy, but it was 
not fantasy in the sense of pure escapism.” (James Cameron)

6.  “I have never listened to anyone who criticized my taste in space travel, sideshows or gorillas. When this occurs, I pack up 
my dinosaurs and leave the room.” (Ray Bradbury)

7.  “The only way of discovering the limits of the possible is to venture a little way past them, into the impossible.” (Arthur G. 
Clarke)

8.  “If science fiction is the mythology of modern technology, then its myth is tragic.” (Ursula Le Guin)

9.  “Individual science fiction stories may seem as trivial as ever to the blinder critics and philosophers of today, but the core of 
science fiction, its essence, has become crucial to our salvation if we are to be saved at all.” (Isaac Asimov)

10. “A writer falls in love with an idea and gets carried away.” (Doris Lessing)
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Directions: 

When writers embark on science fiction stories, they are essentially considering a variety of what-if situations. The outcomes 
reflect assumptions about reality, the universe, and ourselves. What do you think would happen in each of the following 
circumstances? Why?

H a n d o u t  3  •  p . 1

L e s s o n  7   (LANGUAGE ARTS)

What If?

1.  Astronauts visiting a planet in a distant galaxy discover a variety of flora and fauna unlike anything they have ever seen on 
Planet Earth. What would they do before returning home?

2.  An unidentified spaceship hovers miles above Central Park in New York City for several hours and then begins to descend, 
clearly intending to land. How would city officials and residents respond?
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3.  Upon landing on a distant planet, Earthlings encounter a squad of well-armed aliens speaking an unfamiliar language and 
gesturing in an apparently hostile manner toward the newly arrived spaceship. What would happen?

4.  Astronauts visiting a distant planet come upon an advanced culture inhabited by extremely attractive and friendly aliens 
and experience a pleasant extended stay. Then they prepare to return to Earth. What might happen next?

5.  A manned spaceship from Earth discovers a planet that looks very much like home, with diverse terrain, climates, flora and 
fauna, but with no evidence of industrial development. Verdant valleys, soaring mountain peaks, and tumbling streams are 
interspersed with no concrete, steel, brick, or glass structures. The aliens who live there live peacefully in caves and subsist 
as hunters and gatherers. When the astronauts return to their own planet, what is likely to happen?

H a n d o u t  3  •  p . 2

L e s s o n  7   (LANGUAGE ARTS)

What If?
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When you read or view science fiction, you are dealing with a form of fantasy in which the writer’s imagination is not limited by 
factual realities in current existence. Before television became a household reality, the idea of actually seeing events presented 
in a radio broadcast would have seemed simply impossible to many people. In the 1950s few people could imagine carrying 
small phones around in their pockets. The fantasy in science fiction sometimes becomes a reality.

Science fiction is linked to the genres referred to as utopian and dystopian literature. The first projects a future society that 
has cured all the ills that plague the contemporary world, the latter a society stripped of values such as freedom, love, and 
individuality. Science fiction at its best deals not only with potentials of science and technology, but also with human nature, its 
possibilities and limitations, and cultural norms.

You are going to read all or a section of one of the following science fiction works dealing with Earth and Mars. 

H a n d o u t  4  •  p . 1 Dipping Into Science Fiction

The War of the Worlds, by H.G. Welles (1897)
In this novel, unfriendly, ugly, and technologically superior 
Martians attack Earth. When Orson Welles aired a radio 
drama adaptation in 1938, the result was mass panic, because 
listeners misperceived the story as an actual news broadcast.

A Princess of Mars, by Edgar Rice Burroughs (1912)
A Civil War veteran, somehow transported to Mars, 
experiences both adventure and romance.

Out of the Silent Planet, by C.S. Lewis (1938)
A visit to Mars provides surprising insights into the history 
and culture of Earth. Like everything C.S. Lewis wrote, the 
novel has deep philosophical underpinnings.

The Martian Chronicles, by Ray Bradbury (1950)
This collection of linked short stories deals with expeditions 
to first explore and then colonize Mars. In the background is 
an Earth threatened by destruction.

Sands of Mars, by Arthur G. Clarke (1951)
A science fiction writer has the opportunity to join a crew on 
a space flight to Mars.

Stranger in a Strange Land, by Robert Heinlein
In this novel, considered by some to be the greatest science 
fiction ever written, the main character, the son of American 
astronauts, was born on Mars and raised by Martians. As 
a young man, he is found by another space mission and 
returned to Earth.

Red Mars (1993), Green Mars (1994), and Blue Mars (1996), 
by Kim Stanley Robinson
This trilogy describes the colonization of Mars as Earth hovers 
on the brink of destruction. The stories describe the struggles 
involved, as well as long-term effects and consequences.
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Following your teacher’s requirements, read all or a section of one of the classic science fiction works listed on the previous 
page. Then prepare a poster and presentation including the following elements: 

• Visual images depicting the landscape and characters at one or more key moments in the work

• Ways in which the writing does or does not reflect current scientific knowledge about Mars

• What the novel says or implies about human nature and history

• The strengths and weaknesses of the author’s science fiction vision

H a n d o u t  4  •  p . 2
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Dipping Into Science Fiction
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Teacher  Resource 1

L e s s o n  7   (LANGUAGE ARTS)

Rubrics for Essay and Presentation

5 — Superior 3 — Good 1 — Needs Improvement

Definition of science 
fiction

The essay cogently defines 
the term science fiction and 
distinguishes it from other 
genres.

The essay deals with the 
nature of science fiction but 
could be more precise.

The essay is vague or conveys 
confusion about the nature 
and purpose of science fiction.

Understanding of 
specific example

The writing deals 
perceptively, clearly, and 
accurately with a specific 
example of science fiction.

The essay deals accurately 
with a science fiction work 
but could include more 
specific details.

The writing shows little 
knowledge about the work 
and/or includes erroneous 
statements.

Understanding of links 
between fiction and 
scientific reality

The essay demonstrates 
insight about ways the 
science fiction work blends 
specific scientific realities 
with creative imagination 
and includes thematic 
implications.

The writer is somewhat 
vague about links between 
scientific facts and imagined 
possibilities.

The essay fails to consider 
ways creative imagination can 
deal with science.

Clarity and organization The essay begins and ends 
effectively and includes logical 
paragraph development.

Further revision could 
improve the essay’s clarity 
and organization.

The essay appears haphazard 
with little or no attention to 
logic or clarity.

Mechanics The essay demonstrates 
correct grammar, 
punctuation, and spelling, 
as well as varied sentence 
structures.

Occasional language errors 
weaken the essay’s impact.

Numerous language errors 
mar the essay as a whole.

Essay Rubric
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Teacher  Resource 1 Rubrics for Essay and Presentation

5 — Superior 3 — Good 1 — Weak

The content of the presentation was detailed, accurate, 
and well organized in dealing with scientific facts and 
creative imagination in a specific work.

One or more creative and skillfully rendered visual aids 
enhanced the presentation.

The presenter engaged and sustained audience interest 
and demonstrated commitment to the task at hand.

The presenter was poised and professional, speaking 
clearly and maintaining eye contact with the audience.

The presenter made effective use of the available time, 
neither ending too quickly nor going beyond the 
established limit.

The presenter fielded questions from the audience and 
responded effectively.

(For group presentations) All participants contributed 
equitably to the presentation.

Presentation Rubric
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Writing Science Fiction

Enduring Understandings 

• Writing science fiction requires scientific and 

technological knowledge as well as creative 

imagination.

• Science fiction is always set in the future and is 

therefore hypothetical.

• A good story requires an interesting introduction, 

believable characters, and a cohesive plot.

• 

Essential Questions

• In what ways do scientific and technological 

developments benefit humankind? How can they 

endanger humankind?

• Does science move in a predictable arc, or can it veer 

off into totally unexpected directions?

• How can science fiction function as more than just 

escape writing?

Notes to the Teacher

As the National Geographic MARS episodes demonstrate, 
science fiction is not simply fantasy. It is rooted in science—
in what we know, or at least think we know. The science 
fiction writer starts with today’s scientific and technological 
possibilities and tries to project how these might develop and 
unfold in the future. In other words, to write science fiction, 
one needs both sound scientific knowledge and a vigorous 
creative imagination.

This lesson begins with a consideration of inventions, which 
play key roles in most science fiction. It is not a simple 
matter to be an inventor—which is why most people don’t 
list patents among their accomplishments. Inventors have to 
“think outside the box.” The fact that boiling water gives off 
steam was common knowledge for centuries, even millennia, 
before inventors came up with ways steam could be used as a 
source of engine power. 

Students then identify and define key elements of fiction: 
plot, character, setting, point of view, and theme. In science 
fiction, setting is especially important—it will be sometime in 
the future after much has changed from what we know today. 
Students create thumbnail sketches of potential stories. 

Next the class considers the importance of beginnings. Few 
readers make it far into a book that starts out in a boring, 
tedious, or totally predictable way. Students examine the 
beginnings of three science fiction novels. The first, from 
The War of the Worlds by H. G. Wells (1897), is as engaging 
now as it was way back when it was written. Wells quickly 
establishes the conflict and the mood of a horror story as 
aliens prepare for an unfriendly invasion of Earth. The 
second, from Kim Stanley Robinson’s 2312 (published in 



158 J o u r n e y s  i n  F i l m :  M A R S

Duration

Two or three class periods, plus time for students to 
write, revise, and publish science fiction stories

Assessment 

Short informative essay 

Thumbnail story sketch 

Original science fiction story 

Materials

Copies of Handouts 1–4 for all students

Access to Episode 1 of MARS, “Novo Mundo”

2012), takes readers by surprise: “Whoa! How did people 
come to be living on Saturn?” Paul Tassi’s The Last Exodus 
begins with an ecological nightmare.

Students consider a variety of venues for science fiction 
stories, and they embark on their own. Many writers today 
work in writing groups in which friends and colleagues offer 
constructive criticism, suggestions, and moral support. You 
may want to structure the class so that students regularly 
convene to share comments. 

You may wish to have final results published in a class blog. 
Consider having students submit two or more drafts to 
demonstrate how the narratives evolved during the writing 
process. 

A rubric for assessing the short story appears at the end of 
the lesson.



159J o u r n e y s  i n  F i l m :  M A R S

Common Core Standards addressed by this lesson

CCSS.ELA-Literacy.W.9-10.3 
Write narratives to develop real or imagined experiences 
or events using effective techniques, well-chosen details, 
and well-structured event sequences.

CCSS.ELA-Literacy.W.9-10.3.a 
Engage and orient the reader by setting out a 
problem, situation, or observation, establishing one 
or multiple point(s) of view, and introducing a narrator 
and/or characters; create a smooth progression of 
experiences or events.

CCSS.ELA-Literacy.W.9-10.3.b 
Use narrative techniques, such as dialogue, pacing, 
description, reflection, and multiple plot lines, to 
develop experiences, events, and/or characters.

CCSS.ELA-Literacy.W.9-10.3.e 
Provide a conclusion that follows from and reflects on 
what is experienced, observed, or resolved over the 
course of the narrative.

L e s s o n  8   (LANGUAGE ARTS,  CREATIVE WRITING)

Procedure

Part 1: Becoming an Inventor

1.  Point out that when writers project into the future, they 
often imagine people using devices that are not now 
available to us, i.e., new inventions. Ask students to 
define the term “patent.” (A patent establishes an object 
as the original creation of an inventor and thus his or her 
property. An inventor can earn an income—sometimes a 
substantial one—from allowing others to use his or her 
inventions.)

2.  Ask students to brainstorm inventions that have benefited 
or changed society over the course of history. (Answers 
are unlimited. For example: the Stone Age invention of the 
wheel; the printing press; the telephone; the automobile; 
television; the Internet; alarm clocks; car seats for infants 
and toddlers; electric mixers; effective manhole covers.)

3.  Distribute Handout 1: Becoming an Inventor and ask 
students to read the information on the handout. Have 
them answer Question 1 individually. 

4.  Discuss the second question together as a class. (In the 
situation described in (a), most people would risk the 
ladder, get someone else to change the lightbulb, or just 
do without the light. An inventor might invent a bulb that 
never wears out or a ceiling fixture that can be mechanically 
lowered to an easily reachable height. In (b), most people 
would simply leave for work earlier when necessary or seek 
employment closer to home; an inventor would devise 
rapid transport of some sort or find new ways to make it 
possible to telecommute via the Internet.

http://www.corestandards.org/ELA-Literacy/W/9-10/3/
http://www.corestandards.org/ELA-Literacy/W/9-10/3/a/
http://www.corestandards.org/ELA-Literacy/W/9-10/3/b/
http://www.corestandards.org/ELA-Literacy/W/9-10/3/e/
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• If cancer can be eradicated, how many prestigious 
facilities and careers would become obsolete? What 
would doctors and scientists do to move on?

• Will law enforcement officers be armed with ever more 
sophisticated devices and weapons?

• Will career criminals be incarcerated in space stations 
rather than in prisons on Earth?

3.  Explain to students that they are going to write original 
science fiction stories. Point out that there are many 
sciences: for example, physics, astronomy, ecology, 
geology, botany, chemistry, bacteriology. Science fiction 
stories can evolve from any of them. 

4.  Review the basic elements of fiction.
• Setting: Where and when does the story take place?
• Plot: What happens? What conflict or conflicts are 

involved?
• Characters: Who is the protagonist? What other 

individuals, human or otherwise, are involved?
• Point of view: Who is telling the story? Is the narrator 

part of the story or an outside observer? How much 
can the narrator know?

• Theme: What does the story say or imply about life, 
individuals, or society?

5.  Distribute Handout 3: Planning a Story and ask 
students to complete it as a thumbnail sketch for a short 
story in the science fiction genre.

5.  For Question 3, have small groups collaborate to design 
new inventions and explain them to the class. If necessary, 
prompt groups with questions: Could a simple ballpoint 
pen have the capability to do more than just write? What 
new app for your computer could make life easier for your 
whole family? How could fingernail polish be applied in a 
more efficient way? Have students discuss the feasibility 
of each creation.

6.  For homework, have students write essays in which they 
analyze one of the inventions presented in class, including 
its usefulness, market appeal, and future improvements.

Part 2: Thinking Into the Future

1.  Prior to this part of the lesson, ask students to interview 
three people over age 60 and ask the following question: 
“What are a few devices that are easily available today that 
you could not have imagined 40 years ago?” Begin the 
class by having students share results of the interviews, 
and record responses on the board.

2.  Distribute Handout 2: Peering Into the Future and 
have small groups complete the exercise. Follow with 
discussion. Some possible topics: 
• Will it be possible to listen to music via a tiny microchip 

embedded in one’s brain? 
• Will school buildings become a thing of the past, as all 

instruction takes place via computer? Would there be 
downsides to such a development?

• Will interplanetary travel become commonplace, or 
will the amount of debris in space make such travel 
extremely hazardous? 
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Part 3: The Importance of Beginnings

1.  Begin by having small groups share their responses to 
Handout 3; give them time to make suggestions to each 
other.

2.  Ask groups to nominate one or two members to share 
ideas with the class as a whole. As individuals share, 
emphasize connections to contemporary science and 
technology. Also point out ways the story plans include 
elements of other genres such as the horror, romance, 
adventure, or mystery.

3.  Ask students if they have ever started a book and found 
themselves unable or unwilling to keep reading. Why 
might that have been? (Sometimes the issue is relative to 
personal tastes; disinterest can also result from a beginning 
that is overly ambiguous or that seems to ramble in no 
specific direction.)

4.  Distribute Handout 4: The Importance of Good 

Beginnings, and read aloud the opening of The War of 
the Worlds. Then take a show of hands about students’ 
responses: Is the paragraph interesting, making readers 
feel that they want to continue with the narrative? Is the 
interest level moderate? Is the interest level low, repelling 
readers from the story? 

5.  Follow the same pattern for the openings of 2312 and The 
Last Exodus.

6.  Ask students to reread the passages and answer the 
questions for each one on the handout. When they 
have finished, follow with a class discussion of their 
observations.

7.  Show students the first 10 minutes of Episode 1 of MARS, 
“Novo Mundo.” Ask them to evaluate it with respect to 
the techniques used in the film to excite interest.

Suggested Responses

The War of the Worlds identifies the setting as the same 
time that H. G. Wells wrote the book—his present time. 
It could just as easily be our present time or sometime in 
the future. The atmosphere is heavily foreboding; danger 
lurks in the immediate future for humanity. The central 
conflict definitely pits people on Earth against highly 
intelligent aliens.

The book 2312 begins three centuries from now on Saturn, 
the next planet after Mars in our solar system. The terrain 
is bleak. How and why did people happen to gather to live 
there? When and how did it become habitable? 

The Last Exodus begins sometime in the future in a 
northern California greatly changed from what we know 
today. Why is the Pacific Ocean shrinking at an alarming 
rate? If the cause is global warming, why hasn’t melting 
of the polar ice cap inundated the area? Is the landscape 
beyond reclamation?

8.  Point out that, of course, while a good beginning is 
an asset, a story has to continue in an interesting, well-
written, and purposeful way. Share Doris Lessing’s 
comment: “A writer falls in love with an idea and gets 
carried away.” Encourage students to come up with 
science fiction storylines they really love and to let their 
creative imaginations loose. 
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9.  Discuss with students the techniques that good fiction 
writers often use: 

a. Review the reason fiction writers usually use direct 
dialogue. Review how to write dialogue and the proper 
conventions for writing it. 

b. After students have planned out their plots, suggest 
the possibility of beginning in medias res (literally “in 
the middle of the thing”; in other words, starting at an 
exciting moment in the story and then going back to 
the beginning of the plot with flashbacks). 

c. Include the importance of descriptive details in making 
the characters and the setting come to life. Caution 
that too much description can bog readers down; one 
effective word or detail can have more impact than 10 
vague ones.

10. Assign students to write original science fiction stories. 
Emphasize the nature of the assignment; the story must 
deal with some aspect(s) of science or technology at a time 
in the future. Make clear your requirements with respect 
to length, format, and deadlines, and include time for peer 
editing or writing conferences.

Lesson extensions

1.  To parallel the structure of the National Geographic 
global event series MARS, have students accompany their 
science fiction stories with short essays about the current 
state of the science and technology at the heart of the 
plotlines.

2.  Have students prepare storyboards about their science 
fiction stories. Post the results around the classroom and 
have the class conduct a gallery walk to appreciate the 
results. 

3.  Consult a regional library or university to locate science 
fiction writers who live in your area, and invite one to be a 
guest speaker about his or her craft.
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Becoming an Inventor

It is not easy to be an inventor. Faced with a problem, a 
limitation, or an annoyance, most people simply accept 
reality and make necessary accommodations. Inventors, on 
the other hand, analyze a situation and devise tools to alter 
the reality. It takes a kind of genius to become an inventor. 
Once an invention is created, though, other people are likely 
to shake their heads and mutter, “Why didn’t I think of that?”

No doubt Benjamin Franklin was not the only Pennsylvanian 
to notice and rue the fact that during frigid winters, much of 
the fireplace heat escaped uselessly up the chimney. Instead 
of making do and complaining, he invented a cast-iron stove, 
which caused heat to radiate into a room instead of out of it.

Shopkeepers have always struggled to keep track of inventory. 
How much was bought, how much sold? How much is still 
on hand, and where is it? The mid-20th-century invention of 
barcodes went a long way toward streamlining the process.

The invention of the automobile revolutionized everyday 
life, but was not without hazards. Fatalities and injuries often 
resulted from events that happened inside the car during 
collisions and other accidents. The invention of air bags in 
the 1970s helped to solve or minimize this problem in many 
circumstances.

1.  Identify three inventions that you find especially important in your life. Why are they important to you? 

a. 

b. 

c. 

L e s s o n  8   (LANGUAGE ARTS,  CREATIVE WRITING)

H a n d o u t  1  •  p . 1
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Becoming an Inventor

2.  Think like an inventor in each of the following circumstances. What could you invent that might solve the problem 
described? 

a. An elderly neighbor complains that the light on the kitchen ceiling burns out occasionally, and getting up on a ladder or 
high step-stool to replace it is a risky endeavor.

b. The daily drive from your home to the office takes almost an hour on good days and much longer during tourist season 
or bad weather, as well as when there is an accident.

3.  Work with a group to imagine a brand new invention. First, identify a problem or nuisance that you experience often and 
that until now, you have viewed as an inescapable fact of life. Now think outside the box—describe an invention of your own 
that, if actually constructed, might solve the problem or eliminate the nuisance. 

L e s s o n  8   (LANGUAGE ARTS,  CREATIVE WRITING)

H a n d o u t  1  •  p . 2
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Peering Into the Future

1.  In the mid-20th century, many people enjoyed music using vinyl LPs and record players. Later, reel-to-reel tape recorders, 
then cassette players, became popular, and still later CDs. How do you think people will record and play music a hundred 
years from now?

2.  A century ago, many children of various ages learned together in one-room schoolhouses. The school year had to allow 
for children’s responsibilities during planting, growing, and harvest seasons; most children walked to school, and many 
returned home to eat lunch. Today most children proceed through school at assigned grade levels in different classrooms. 
How do you think schooling will be conducted two hundred years from now? (Note that many Australian children isolated 
by great distances in the outback have been schooled for years by radio.)

Directions: 

Stretch your mind a bit. Work with your group on each of the following questions: 

L e s s o n  8   (LANGUAGE ARTS,  CREATIVE WRITING)

H a n d o u t  2  •  p . 1
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Peering Into the Future

3.  Before the invention of the automobile, it was quite a challenge to travel from one end of a state to the other, let alone across 
state lines. Today people routinely fly back and forth over oceans, prairies, and mountaintops. What kinds of travel will 
people engage in several centuries from now?

4.  Today there are many treatments for cancer, but no surefire way to prevent it from occurring in the first place. How might 
that change in the future? What impact would the change have on society?

5.  What tools are currently available to law enforcement officers? What new tools might be invented within the next century? 
Will those tools harm or benefit society?

H a n d o u t  2  •  p . 2
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Planning a StoryH a n d o u t  3  •  p . 1

L e s s o n  8   (LANGUAGE ARTS,  CREATIVE WRITING)

Setting: Where and when will the story take place? How far into the future will you imagine?

Plot: What central problem(s) or conflict(s) will the story develop? How will they be resolved?

Characters: Who is the main character? Who or what are the main character’s allies?

Directions: 

Use the following questions to plan a science fiction story. Give this stage of writing a lot of thought. Although you can alter 
your plans as your story develops, it will be easier to start writing if you have a plan to work with. 
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Planning a StoryH a n d o u t  3  •  p . 2
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Who or what are the main character’s antagonists?

Point of view: Who is telling the story? Is it an “I” narrator speaking from within the narrative, or is it an outside observer?

Theme: Will the story be essentially optimistic or pessimistic? Why?
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The Importance of Good BeginningsH a n d o u t  4  •  p . 1
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“It’s important to get off to a good start.” 

Why do people often say this? Because, when things start off on a wrong note, we have to spend a lot of time rectifying the 
situation before we can make any progress.

The adage is certainly true for fiction writers. An ineffective opening, one that does not lure readers in, can doom a story, novel, 
play, or movie to obscurity.

Read the following opening paragraphs of classic science fiction stories and watch for ways the writers tried to evoke readers’ interest.

A.  “No one would have believed in the last years of the nineteenth century that this world was being watched keenly and closely 
by intelligences greater than man’s and yet as mortal as his own; that as men busied themselves about their various concerns 
they were scrutinized and studied, perhaps almost as narrowly as a man with a microscope might scrutinize the transient 
creatures that swarm and multiply in a drop of water. With infinite complacency men went to and fro across the globe about 
their little affairs, serene in their assurance of their empire over matter. It is possible that the infusoria under the microscope 
do the same. No one gave a thought to the older worlds of space as sources of human danger, or thought of them only to 
dismiss the idea of life upon them as impossible or improbable. It is curious to recall some of the mental habits of those 
departed days. At most terrestrial man fancied there might be other men upon Mars, perhaps inferior to themselves and 
ready to welcome a missionary enterprise. Yet across the gulf of space, minds that are to our minds as ours are to those of the 
beasts that perish, intellects vast and cool and unsympathetic, regarded this earth with envious eyes, and slowly and surely 
drew their plans against us. And early in the twentieth century came the great disillusionment.”

—H. G. Wells, The War of the Worlds, (1897)

1. What is the time when the story occurs? Could it as easily be the present day? Why, or why not?

2. Describe the mood or atmosphere. How does the writer establish it?

3. What central conflict does the paragraph establish?
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The Importance of Good BeginningsH a n d o u t  4  •  p . 2
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B.  “The sun is always just about to rise. Mercury rotates so slowly that you can walk fast enough over its rocky surface to stay 
ahead of the dawn and so many people do. Many have made this a way of life. They walk roughly westward, staying always 
ahead of the stupendous day. Some of them hurry from location to location, pausing to look in cracks they earlier inoculated 
with bio-leaching metallophytes, quickly scraping free any accumulated residues of gold or tungsten or uranium. But most 
of them are out to catch glimpses of the sun.”

—Kim Stanley Robinson, 2312, (2012)

1. Identify and describe the place setting. What questions does it evoke in the reader’s mind?

2. How does the opening mood differ from that in The War of the Worlds?

C.  “Lucas walked down what used to be an interstate in northern California. It was January, he thought, and a sweltering 
eighty-eight degrees. The landscape was barely recognizable, and when he finally made his way to the ocean, he found 
himself overlooking three miles of beach where a few feet used to be. Every time he returned to the shoreline he found the 
murky water harder and harder to see in the distance. It was probably only a matter of weeks before it was gone from view 
altogether.”

—Paul Tassi, The Last Exodus, (2015)

1. Identify and describe the setting (time and place).

2. What questions does the paragraph evoke in the reader’s mind?
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5 - Superior 3 - Good 1 - Needs Improvement

Scientific base The story deals correctly 
and in detail with some 
aspect of today’s scientific 
knowledge and includes 
correct terminology.

The story does deal with 
science, but it could reflect 
more detailed knowledge.

Details in the story do not 
accurately reflect scientific 
facts.

Creativity and imagination The writer has vividly 
envisioned future 
possibilities not now 
within human capability.

The writer could 
demonstrate a more 
imaginative vision of the 
future.

The writer has not dealt 
with believable future 
possibilities.

Opening paragraph(s) The story’s opening 
engages the reader’s 
interest and evokes 
interesting questions.

More attention to the 
story’s opening could 
enhance audience interest.

The story’s opening does 
little to engage reader 
interest.

Inventions The narrative includes 
intriguing inventions 
relevant to the scientific 
area(s) involved.

The story could deal 
in more detail with 
inventions crucial to the 
future depicted.

The writer has not 
considered new and 
necessary inventions.

Narrative development The story features 
believable characters 
and develops with 
appropriate and engaging 
detail toward an effective 
conclusion.

More complete 
development and 
attention to closure would 
improve the story.

The writing lacks logical 
development and 
consistency.

Writing process A superb writing style 
with correct use of 
language makes this story 
worthy of publication.

The writing style is 
effective, with no serious 
errors in language usage; 
the story reflects revision 
and editing.

The story is flawed by 
numerous errors in 
grammar, punctuation, 
and spelling.

Teacher  Resource 1 Short Story Rubric
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