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Pioneering Mars: Project Overview
Pioneering Mars is a project funded by the NASA International Space Station National Lab
Education Program (NLEP) and conducted by the University of Southern Mississippi’s
Department of Marine Science and the University of South Alabama’s Center for
Integrative Studies in Science, Technology, Engineering, and Mathematics (CISSTEM). The
purpose of this project is to lead upper level high school students through the design of
experiments to determine the viability of photosynthetic life in Martian environments.
The ultimate goal of this project is for the student designed experiments to be replicated
on the International Space Station (ISS), in an effort to gather information for a future
crewed mission to Mars.
Students from Gulf Coast high schools in Bay St. Louis, MS and Mobile, AL, met during the
2012-2013 academic year to design and execute experiments on the growth of
photosynthetic cyanobacteria in a simulated Martian environment. Students were led
through discussion of Martian climate and planetary conditions, biology of cyanobacteria
and photosynthesis, and practical aspects of planning their experiments. The experiments
designed by student research teams were successful in culturing algal growth under
Martian conditions, and these experiments are currently scheduled for replication on the
ISS in 2014. For more information on the project and the experiments, and to access
power point presentations and scholarly articles used by student researchers, go to
http://pioneeringmars.org.
This Pioneering Mars Curriculum and Activity Guide is designed to highlight not only the
Pioneering Mars project, but to use the central idea of this project to educate students on
scientific problem-solving and experimental design. Each unit addresses a core
component of the project and will lead students through the processes of researching and
synthesizing information, as well as develop critical thinking skills. Activities embedded in
each lesson span academic disciplines and address reading, math, and writing, as well as
science content. All activities are tied to Next Generation Science Standards (NGSS) and
Common Core Curriculum standards for grades 5-8. While this curriculum is designed
primarily for upper elementary or middle school use, it is easily adaptable to a high school
audience.
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Pioneering Mars:
Unit 1: Why Pioneer Mars?
Unit Summary:
This unit will outline NASA’s current space exploration mission and destination goals. Through
assigned readings, students will consider the rationale for space exploration in general and the
scientific benefits of exploring each destination currently targeted by NASA. Students will then
create a classroom concept map, outlining the multiple rationales for space exploration.
Students will also be asked to research technological advances derived from NASA space
missions as a means of understanding the societal import of continued exploration of space.
Extension writing and math activities are also provided.

Unit Objectives:
• Students will analyze non-fiction text to identify logical rationales for space exploration.
• Students will analyze non-fiction text to identify regions of space targeted for exploration.
• Students will generate and evaluate multiple rationales for exploration and crewed missions to
Mars using concept maps and computer research.
• Students will research benefits of space exploration using a variety of sources.
• Students will identify benefits to space exploration to society and culture.

Common Core Curriculum alignment (grades 5-8):
•
•
•
•
•

CCSS.ELA-Literacy.RI.5.1: Quote accurately from a text when explaining what the text says
explicitly and when drawing inferences from the text.
CCSS.ELA-Literacy.RI.5.2: Determine two or more main ideas of a text and explain how they
are supported by key details; summarize the text.
CCSS.ELA-Literacy.RI.5.3: Explain the relationships or interactions between two or more
individuals, events, ideas, or concepts in a historical, scientific, or technical text based on
specific information in the text.
CCSS.ELA-Literacy.RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question quickly or to solve a problem
efficiently.
CCSS.ELA-Literacy.RI.5.8: Explain how an author uses reasons and evidence to support
particular points in a text, identifying which reasons and evidence support which point(s).
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Pioneering Mars:
Unit 1: Why Pioneer Mars?
Common Core Curriculum alignment (continued) :
•
•
•
•
•

•
•

CCSS.ELA-Literacy.RI.5.9: Integrate information from several texts on the same topic in order to
write or speak about the subject knowledgeably.
CCSS.ELA-Literacy.RST.6-8.1: Cite specific textual evidence to support analysis of science and
technical texts.
CCSS.ELA-Literacy.RST.6-8.2: Determine the central ideas or conclusions of a text; provide an
accurate summary of the text distinct from prior knowledge or opinions.
CCSS.ELA-Literacy.RST.6-8.4: Determine the meaning of symbols, key terms, and other domainspecific words and phrases as they are used in a specific scientific or technical context relevant
to grades 6–8 texts and topics.
CCSS.ELA-Literacy.RST.6-8.6: Analyze the author’s purpose in providing an explanation,
describing a procedure, or discussing an experiment in a text.
CCSS.ELA-Literacy.RST.6-8.7: Integrate quantitative or technical information expressed in words
in a text with a version of that information expressed visually (e.g., in a flowchart, diagram,
model, graph, or table).
CCSS.ELA-Literacy.RST.6-8.9: Compare and contrast the information gained from experiments,
simulations, video, or multimedia sources with that gained from reading a text on the same
topic

Next Generation Science Standard (NGSS) Alignment:
•

5-ESS1-1: Support an argument that explains the apparent differences in the apparent
brightness of the sun compared to other stars is due to their relative distances from the Earth.
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Pioneering Mars:
Unit 1: Why Pioneer Mars?
Background information:
Since its creation in 1958, NASA has engaged in the exploration of space. However, after the
Apollo Missions of the late 1960’s and early 1970’s, crewed space exploration was limited to
low Earth orbit (LEO) destinations. The retirement of the space shuttle program, which
served as the foundation of NASA’s space exploration programs for thirty years, and the
establishment of the International Space Station have led to a dramatic shift in the
exploration goals of NASA.
Today NASA’s goals include exploration of four destinations: cis-lunar space, near Earth
asteroids (NEA’s), the Moon, and, finally, Mars. NASA intends to employ a springboard
approach, in which the International Space Station (ISS) acts as a base of operations for cislunar space exploration, and points in cis-lunar space act as bases of operations for Moon or
Mars missions. Travel to these destinations will take humanity farther into space than it has
ever been, and each destination will provide unique opportunities for scientific discovery.
Given the difficulty, expense, and potential danger of these projects, it is important that
students understand the rationale behind space exploration, and, as part of the Pioneering
Mars project, why exploration of Mars is particularly important. In Unit One, students will
engage in four activities, or “Missions,” that will lead them through the rationale behind
NASA’s current exploration goals and establish the import of NASA space exploration.
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Pioneering Mars:
Unit 1: Why Pioneer Mars?
Why Pioneer Mars: Unit 1
Exploration Destination Reports
Teacher information
Grades 5-8
Approx. class time: 55 minutes
Materials:
• Downloaded copy of NASA report: : “Voyages: Charting the Course for Sustainable
Human Space Exploration.” found at http://www.nasa.gov/pdf/657307main_Exploration
Report_508_6-4-12.pdf
• Copies of Mission 1: Report Document for each student team.
Instructions:
• Divide students into four mission teams: Team CLS (Cis-lunar Space), Team NEA (near
Earth asteroids), Team MOON, and Team MARS. (Larger classes may opt to have multiple
teams for each destination.)
• Each team should be comprised of a minimum of four students:
• Team Commander (1 student): responsible for reporting findings of the mission to
the class
• Data Specialist (1 student): responsible for recording mission findings on Mission
Report Document
• Science Officers (2-4 students): responsible for mission fact finding by reading
through the document and answering questions for the mission report.
• Provide each student team with the pages from the NASA “Voyages Report” that
correspond to their mission destination.
• Familiarize students with the mission vocabulary. These terms are technical terms that
appear in the “Voyages” destination documents.
Students will break into teams to read their destination report. Each report describes one
of the four NASA exploration destinations and outlines the benefits and obstacles to
exploration of those sites. Students will compile their findings in their “Mission Report”
sheets, and the Team Commander will share the information gathered by his or her team
with the rest of the class. The information from this mission will be used in Mission 2,
where students will be asked to construct a concept map outlining the multiple rationales
for expanded space exploration.
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Unit 1: Why Pioneer Mars?
Mission 1 Vocabulary
Cis- lunar space

Area of space between the Earth and the
Moon

NEA

Near Earth Asteroid. Many of these are on
trajectories that will pass very close to the
Earth.

LEO

Low Earth orbit. Generally defined as an
orbit below an altitude of 2000 km.

Lagrange points

One of 5 points in space where the
gravitational pull of the Earth and Moon are
balanced. This means that a vehicle or
facility stationed at one of these points
would require little fuel to remain in place,
making it a prime staging point for space
exploration.

Cryogenic boil off

When super cooled fuels (such as liquid
oxygen) absorb heat and begin to boil at very
low temperatures. This creates vapors in fuel
tanks that must be vented off.

Radiation

Energy given off as particles or waves. The
Earth’s atmosphere protects human tissue
from many kinds of radiation. Outside of the
atmosphere, the tissue of astronauts is
vulnerable to radiation damage.

regolith

Layer of loose solid material covering the
bedrock of a planet.

In-situ

Latin for “in its original place.”
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Unit 1: Why Pioneer Mars?
Mission 1 Report Document

Student Sheet

Name_________________________________________________________________Date___________________________________

Mission instructions:
NASA’s current goal is to explore four regions of space in the near future: cis-lunar space, near Earth
asteroids, the Moon, and Mars. You have been assigned to a team that is tasked with educating the
general public about the importance of these missions. To accomplish this, you will study destination
reports prepared by NASA which outline the significance of exploring each site.
Obtain a destination report from your instructor. As a team, read through the report. Then, each
team member should carry out the following duties:
• Team Commander : responsible for reporting findings of the mission to the class
• Data Specialist : responsible for recording mission findings on Mission Report Document
• Science Officers : responsible for mission fact finding by reading through the document and
answering questions for the mission report.
Accuracy of findings is very important, as information obtained in this report will be used in Mission 2.

1.

Briefly describe your destination area.

1.

Read the “Why Explore” section of your report. List and describe the reasons cited
by NASA for exploring this region of space.

1.

Read the “Overcoming the Challenges” section of your report. What obstacles will
NASA need to overcome to explore this region of space?

Attach additional pages as necessary
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Unit 1: Why Pioneer Mars?
Why Pioneer Mars: Mission 2
Exploration Concept Map
Teacher information
Grades 5-8
Approx. class time: 30 minutes
Materials:
• Copies of Mission 2: Exploration Concept Map for each student team
• Classroom computer access
Instructions:
• Provide individuals or student teams from Mission 1 with copies of “Exploration concept
map.” Ask students to use information obtained during Mission 1 to fill out map with
reasons for exploring space. This is intended as a brainstorming activity, and there are no
specific answers for any of the blanks.
• Individually, in teams, or as a whole group, explore the the “Why we explore space”
concept map site found at http://spaceexp.ihmc.us/resource.
• Ask students to identify reasons for space exploration provided by website that they had
not previously considered.
The “Why we explore space” concept map website was compiled by the Institute for Human
and Machine Cognition (IHMC) in collaboration with NASA to provide rationale for the
exploration of each of the four NASA destinations discussed in this lesson. Students should
create their own concept maps using the exploration rationales previously discussed during
Mission 1. After completing their own concept maps, students should explore those
compiled by the IHMC and compare their maps to the ones created by the IHMC.
Exploration of the site should also yield additional reasons for exploration not previously
considered by students. If time allows, ask students to share new exploration rationales
with the rest of the class.
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Unit 1: Why Pioneer Mars?
Mission 2 : Exploration Concept Map

Student sheet

Name_________________________________________________________________Date_____________________________
Mission Instructions:
• Using the information provided by teams during Mission 1, brainstorm to fill in the following
Exploration Concept Map.
• After your concept map is completed, visit the “Why we explore space” concept map site found
at http://spaceexp.ihmc.us/resource. Explore the site, and identify three new rationales for
space exploration not previously discussed by your team/class.

SPACE EXPLORATION
INSPIRES

WHICH ENHANCES

LEADS TO

WHICH RESULTS IN

ADVANCES

WHICH
ENABLES

Three reasons for space exploration not previously considered:
1._______________________________________________________________________
2._______________________________________________________________________
3._______________________________________________________________________
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Pioneering Mars:
Unit 1: Why Pioneer Mars?
Why Pioneer Mars: Mission 3
Space Exploration Technology Report
Teacher information
Grades 5-8
Approx. class time: 30-60 min
Materials:
• Copies of Mission 3: Space Exploration Technology Report for each student/team
• Copies of the NASA Created Technologies page for each student/team
• Computer Access
Instructions:
• Students may work individually or in teams from Mission 1.
• Provide students/teams with the NASA Created Technologies page.
• Ask students to select 1-3 technologies from the page for research (depending on time
available for activity).
• Provide students with computer access for research.

One outcome of space exploration is the creation of new technologies designed to
overcome the challenges of working in space. Many of the technologies used by students
every day were created by NASA and represent a tangible example of the benefits to space
exploration.
Students should select a technology (from the list provided) for research. Then, students
should complete the Mission 3: Space Exploration Technology Report. Students may work
individually or in teams to complete this assignment. If time allows, students should share
their research with the class.
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Pioneering Mars:
Unit 1: Why Pioneer Mars?
Mission 3: NASA Created Technologies
adapted from http://theattackmachine.wordpress.com/2010/02/03/what-products-have-been-created-by-nasa-and-spaceexploration/
360 Degree Camera
Advanced Welding Torch
Aerodynamic Bicycle Wheels
Air Catalysts for Carbon Monoxide Poisoning
Aircraft Collision Avoidance
Airline Wheelchairs
Airliner TV Transmission Via Satellite
AiroCide TiO2 Air Purifier
Anthrax Smoke Detector
Arteriosclerosis Detection
Artificial Heart
Athletic Shoes
Automatic Insulin Pump
Automotive Design
Automotive Insulation
Bone Analyzer
Breast Biopsy
Breast Cancer Screening
Bridge Safety Improvements
Cabin Pressure Altitude Monitor
and Warning System
Camera on a Chip
Cardiac Pacemaker
Cataract Surgery Tools
Chemical Warfare Hood
Chromosome Analysis
Clean Room Apparel
Clean Water for Homes
Coastal Zone Color Scanner
Compact Blood Diagnostic Equipment
Compact Fire and Rescue Extraction Devices
Composite Forceps
Composite Materials Development – Golf Clubs
Computer Joysticks
Computer-Aided Tomography (CAT Scanner)
Computer Reader for the Blind
Convection Oven
Cool Vest Therapeutic Suits
Cordless Power Tools and Appliances
Crop Dusting Improvements
Crop Growing Improvements
Debase Heart Pump
Dental Arch Wire

Digital Mammography
DMI Remote Sensing Fish-Finding Service
Doppler Radar
Ear Thermometer
Edible Toothpaste
Electric Car
Emission Testing
Energy Storage Systems
Failsafe Flashlight
Fetal Heart Monitor
Fire Detection Systems
Firefighter Breathing System
Firefighter Radios
Firefighting Equipment
Fireman’s Air Tanks
Fitness Equipment
Flame Detector
Foam-In-Place Seating Technology
Freeze Drying Technologies
Gas Detector
Gasoline Vapor Recovery
Geosynchronous Orbiting
Golf Ball Aerodynamics
GPS Navigation
Helmet Padding
Home Insulation
Insulin Pumps
Interactive Computer Training
Invisible Braces
Kidney Dialysis
Land Mine Removal Device
Laser Heart Surgery
Lead Poison Detection
Lifeshears – Emergency Rescue Cutters
Lightning Protection
Magnetic Resonance Imaging (MRI)
Microlasers
Ocean Fluorometer
Ocular Screening
Oil Spill Control
Palate Surgery Technology
Personal Storm Warning System

Pesticide-Free Mosquito Killing System
Portable X-Ray Device
Precision Lightning Strike Location System
Programmable Pacemaker
PRO-SAN Non-Toxic Microbicidal Santizer
Prosthesis Material
Protective Clothing
PureSense Water and Air Purification Systems
Quartz Clock
Remote Controlled Light Switch
Remote Command and Control Appliances
Ribbed Swimsuit
Robotic Arms
Robotic Hands
Satellite Computer Data Transmission
Satellite Computer Image Transmission
Satellite Fishing Technology
Satellite Telephone Signal Transmission
Satellite TV Transmission
School Bus Improvements
Self-Locking Fasteners
Self-Righting Life Raft
Ski Boots
Skin Care Product Effectiveness Technology
Smoke Detector Improvements
Solar Power Technologies
Space Pens
Sunglasses Blocking Harmful Rays
Surgical Brain Tumor Probe
Temper Foam Technology
Temperature Pill
Thermal Gloves and Boots
Tire Deflating Devices – MagnumSpike
Tollbooth Air Purification
Ultrasound Scanners
VEGGIE – Deployable Vegetable System
Velcro
Virtual Reality
Vision Screening System
Voice Controlled Wheelchair
Waste Water Purification
Whale Tracking Technologies
Wireless Communications
ZipNut
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Unit 1: Why Pioneer Mars?
Student sheet

Mission 3: Space Exploration Technology Report
Name_______________________________________________________Date________________________________

Mission instructions:
• Select a technological innovation from the list of NASA Created Technologies.
• Use a computer to complete the research outlined below.

1. Name of technology:____________________________________________

2. When was this technology developed and for what NASA mission?

3. What purpose was this technology originally designed for?

4. How is this technology used by society today?

14

Pioneering Mars:
Unit 2: What is Mars like?
Unit Summary:
Unit 1 established for students a firm rationale for why Mars should be explored. The next two
units and associated activities will outline the fundamental hypothesis behind the Pioneering
Mars project as well as lead students through the process of experimental design.
The Pioneering Mars project addresses one of the many problems facing humans during long
term space exploration and colonization; namely the lack of food and oxygen and the buildup of
toxic carbon dioxide. This lesson will highlight the differences between the atmospheres of
Earth and Mars, as well as other differences in planetary conditions. Then, it will suggest how
photosynthetic organisms might be used to alter the Martian atmosphere or produce food,
eliminate carbon dioxide, and generate oxygen during long-term space missions. Unit 3 will
continue this line of inquiry by addressing whether it is possible for these organisms to survive
in Martian conditions. Students will design experiments to address this question.

Unit Objectives:
•
•
•
•
•
•
•
•

Students will compare and contrast planetary conditions on Earth and Mars.
Students will research the process of photosynthesis.
Students will depict the process of photosynthesis in visual format.
Students will demonstrate the consumption of CO2 and the production of oxygen as a byproduct.
Students will interpret information presented in graphic format.
Students will investigate the relationship between pressure, temperature and state of matter.
Students will draw conclusions, based on evidence, about possible Martian conditions.
Students will identify, based on evidence, organisms that may be viable in Martian conditions.

Common Core Curriculum alignment (grades 5-8):
•
•
•
•

CCSS.ELA-Literacy.RI.5.2: Determine two or more main ideas of a text and explain how they
are supported by key details; summarize the text.
CCSS.ELA-Literacy.RI.5.7: Draw on information from multiple print or digital sources,
demonstrating the ability to locate an answer to a question quickly or to solve a problem
efficiently.
CSS.ELA-Literacy.RI.5.9: Integrate information from several texts on the same topic in order to
write or speak about the subject knowledgeably.
CCSS.ELA-Literacy.RST.6-8.1: Cite specific textual evidence to support analysis of science and
technical texts.
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Unit 2: What is Mars like?
Common Core Curriculum alignment (grades 5-8):
•
•
•
•

•

CCSS.ELA-Literacy.RST.6-8.2: Determine the central ideas or conclusions of a text; provide an
accurate summary of the text distinct from prior knowledge or opinions.
CCSS.ELA-Literacy.RST.6-8.4: 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 6–8 texts and topics.
CCSS.ELA-Literacy.RST.6-8.6: Analyze the author’s purpose in providing an explanation,
describing a procedure, or discussing an experiment in a text.
CCSS.ELA-Literacy.RST.6-8.7: Integrate quantitative or technical information expressed in
words in a text with a version of that information expressed visually (e.g., in a flowchart,
diagram, model, graph, or table).
CCSS.ELA-Literacy.RST.6-8.9: Compare and contrast the information gained from experiments,
simulations, video, or multimedia sources with that gained from reading a text on the same
topic.

NGSS alignment (grades 5-8):
• MS-PS1-4: Develop a model that predicts and describes changes in particle motion,
temperature, and state of a pure substance when thermal energy is added or removed.
• MS-PS1-2: Analyze and interpret data on the properties of substances before and after the
substances interact to determine if a chemical reaction has occurred.
• MS-LS1-5: Construct a scientific explanation based on evidence for how environmental and
genetic factors influence the growth of organisms.
• 5-PS3-1: Use models to describe that energy in animals’ food (used for body repair, growth,
motion, and to maintain body warmth) was once energy from the sun.
• 5-LS1-1: Support an argument that plants get the materials they need for growth chiefly from
air and water.
• MS-LS2-1: Analyze and interpret data to provide evidence for the effects of resource availability
on organisms and populations of organisms in an ecosystem.
• MS-ESS2-2: Construct an explanation based on evidence for how geoscience processes have
changed Earth's surface at varying time and spatial scales.
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Unit 2: What is Mars like?
Background information:
Mars is a very different environment than Earth. The atmospheric pressure, gravity,
temperature, soil composition, and availability of water are vastly different than Earth
planetary conditions. However, there are some important similarities between the two
planets. Their daily photo-period (i.e. day length) is similar, and while available liquid water
is scarce, water is present on Mars, usually in the form of ice. In many ways current Martian
conditions are similar to some of the most extreme environments on Earth (e.g.,
Antarctica), and similar to what many scientists believe primitive Earth soil and atmospheric
chemistry were like.

These similarities have led scientists to question whether it might be possible to alter
Martian planetary conditions to make them more hospitable to humans. This process of
altering planetary conditions is not without precedent; most scientists agree that Earth has
undergone similar changes in conditions throughout the course of its history. One such
example is the development of our current atmospheric conditions. Earth's early
atmosphere was formed by volcanic out- gassing and was composed largely of water vapor,
carbon dioxide, hydrogen sulfide, and hydrochloric acid. As life evolved, so did the process
of photosynthesis, which enabled early autotrophs ("self feeders") to utilize available light,
water, and carbon dioxide to make food. The by-product of this reaction was oxygen. Over
time, oxygen accumulated in the atmosphere, leading to our current atmospheric
conditions. The early photosynthetic life that initiated this process were a type of
prokaryotic organism known as cyanobacteria, or “blue-green algae,” which still exist today.
For more information on the evolution of Earth’s atmosphere visit:
http://www.globalchange.umich.edu/globalchange1/current/lectures/Perry_Samson_lectur
es/evolution_atm/
A crewed mission to Mars would most certainly have limited storage capacity. Once
astronauts arrived on Mars, it would be necessary to manufacture much of what they need
on site. Being able to produce food and generate oxygen on Mars (and during the actual
voyage) would greatly increase the feasibility of a crewed Mars mission. This need has led
scientists to question whether it might be possible for photosynthetic life to exist on Mars in
order to generate oxygen. Ideally, this photosynthetic life would need to be able to
withstand the Martian conditions of low temperatures, low light, and a water supply that is
frozen much of the time. Fortunately, such an organism exists in the harsh environment of
Antarctica: cyanobacteria, similar to the type that initially altered the atmosphere on Earth.
The ultimate goal of the Pioneering Mars project is to determine whether Antarctic
cyanobacteria can survive under Martian conditions and eventually be used to produce food
and generate oxygen for future Mars missions.
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Unit 2: What is Mars like?
What is Mars like?: Mission 4:
Planetary Conditions Discovery
Teacher information
Grades 5-8
Approx. class time: 55 minutes
Materials:
• Computer access for each student or each team of students
• Copies of Mission 4: Conditions Data Document for each student team

Instructions:
• Students may remain in teams from previous Missions or work individually.
• Provide each student or student team with computer access and a copy of the Mission 4:
Planetary Conditions Data Document.
• Check that provided links for web quest are accessible using your campus’s internet filter
program.
Working individually or in teams, students will use the internet sites provided to investigate
the planetary conditions on both Earth and Mars. If time allows, students (or teams) should
report out to create a classroom list of planetary conditions to determine if team research
yielded similar information. The data generated in this Mission will be used in future
missions.
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Unit 2: What is Mars like?
Mission 4: Planetary Conditions Data Document

Student sheet

Name___________________________________________________________________Date__________________________________

Mission Instructions:
In your previous missions, you learned that NASA’s future space exploration includes crewed missions to
Mars. Once there, astronauts will likely spend time on the planet surface studying the Martian
environment. Furthermore, in the future there may be the need or desire to establish a human
settlement on Mars. In order for prolonged human habitation on Mars, it is necessary to transform the
environment so that it is livable. One of the questions scientists are currently pursuing is whether it is
possible to “terraform” the Martian surface; that is, can one engineer the planetary surface to make it
more “Earth-like?”
Based on your outstanding performance in previous missions, you have been assigned to the team of
scientists that are investigating how they might engineer the Martian planet surface to be more
hospitable to humans. In order for you to begin, it will be necessary for you to first familiarize yourself
with the environmental conditions on both planets.
Your mission is to investigate the environmental conditions on Mars and compare them to those on
Earth. Using the websites listed below, as well as any others you find, fill out the following table. Once
you have accumulated your planetary conditions data, you will share this information with the rest of
your class, to compare findings. Accuracy of data is important as it will be used in future missions .

Useful Websites:
• http://phoenix.lpl.arizona.edu/mars111.php
• http://quest.nasa.gov/aero/planetary/mars.html
• http://en.wikipedia.org/wiki/Water_on_Mars
• http://library.thinkquest.org/J0112188/mars.htm
• http://www.universetoday.com/14859/gravity-on-mars/
• http://solarsystem.nasa.gov/planets/profile.cfm?Object=Mars&Display=Facts&System=Metric
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Unit 2: Why Pioneer Mars?
Mission 4: Planetary Conditions Data Document

Student sheet

Name (or Team)___________________________________________________ Date_____________________________________

Characteristic

Earth

Mars

Notes

Distance from Sun
(km)
Diameter (km)

Atmospheric
composition
Atmospheric
pressure
Average
temperature (°C)
Length of day
(hours)
How long to revolve
around sun (length
of year)
Available water

Gravity
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Mission 4: Planetary Conditions Data Document
Answer sheet

Answer sheet

Characteristic

Answer sheet

Earth

Answer sheet

Mars

Answer sheet

Notes
Answers will vary

Distance from Sun
(km)

149,597,891 km

227,936,637 km

Mars is 7,833,874
km farther away
from the Sun; light
will be dimmer.

Diameter (km)

12,756 km

6,787 km

Mars is much
smaller than Earth.

Atmospheric
composition

N2 77%
O2 21%
Ar 1%
CO2 0.4%

CO2 95%
N2 3%
Ar 1.6%
O2 0.1%
Water vapor 0.03%

There is very little
oxygen on Mars.

Atmospheric
pressure(Pascals –Pa
or atmospheres—
atm_

101,325 Pa
1 atm

600 Pa
0.006 atm

Pressure is much
greater on Earth.

Average
temperature (°C)

14 °C (57°F)

-63°C (-81°F)

Mars is much colder.

Length of day
(hours)

24 hours

24 hours, 7 minutes

similar

How long to revolve
around sun (length
of year)

365 Earth days

687 Earth days

Year takes much
longer on Mars.

Available water

Liquid; abundant

Ice; small amounts
on surface

There is water on
Mars, but not in
liquid form.

Gravity

2.66 times greater
than Mars

0.375 times that of
Earth

Gravity is much
stronger on Earth.
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Pioneering Mars:
Unit 2: What is Mars like?
What is Mars like?: Mission 5:
Generation of Oxygen
Teacher information
Grades 5-8
Approx. class time: 2 55 minute class periods
Materials:
Per student or student group:
• 1 small Elodea or Hydrilla plant–available at aquarium supply shops or from scientific supply
companies such as Carolina Biological or Fisher Scientific
• Small plastic knife
• 1 250 ml beaker
• 200 ml water, plus additional water for filling test tubes
• 2 g Baking soda (sodium bicarbonate)
• 1 Glass funnel
• 2 small pieces of sponge (less than ½ inch square each)
• 1 glass test tube
• 1 large “fireplace length” match (available in camping section of most discount stores)
• Computer access
• 1 copy of Mission 5: Generation of Oxygen for each student
Educator Instructions:
• Using procedure provided, assist students in assembling experimental apparatus.
• Establish a sunny area for plants. If no sunny spot is available, you may use a 40 watt light
source for plants (note-fluorescent lighting is preferred, as incandescent lights can cause the
experimental apparatus to heat up).
• After 24 hours assist students in checking for gas collection in apparatus. Allow time for
students to record results.
• Assist students as they remove test tubes from apparatus, light matches, and test for oxygen
generated.
• SAFETY NOTE—this experiment includes the use of fire. Depending on age or maturity level
of students, teacher may opt to perform this activity as a demonstration.
This experiment will demonstrate the evolution of oxygen as a by-product of photosynthesis.
This concept is important to the fundamental question of the Pioneering Mars project: can
cyanobacteria survive under Martian conditions and ultimately serve as oxygen generators on
the planet?
Instructions continued
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Pioneering Mars:
Unit 2: What is Mars like?
What is Mars like?: Mission 5:
Generation of Oxygen
Teacher information
Grades 5-8
Approx. class time: 2 55 minute class periods
Educator Instructions continued:
In a 250 ml beaker students will mix a solution of 200 ml water to 2g sodium bicarbonate (baking
soda). The sodium bicarbonate will dissociate in the water to form a carbon dioxide source for the
experiment, as noted in the chemical reaction below:

NaHCO3 + H2O
Sodium
bicarbonate

= H2O + CO2 + NaOH

water

water

Carbon
dioxide

Sodium hydroxide

Carbon dioxide from the above reaction will serve as a substrate for photosynthesis:

CO2 + H2O + Energy (light)
Carbon dioxide

water

= CH2O + O2 + Energy (ATP)
sugar

oxygen

Students will construct an experimental apparatus as outlined in the student procedures. Special
notes about apparatus construction and function:
• Students should be sure that their funnel does not touch the bottom of the beaker, in order to
allow for flow of water to their plant.
• If gas bubbles are not generated, students should re-cut and slightly crush the stem of their plant.
This encourages the uptake of water.
Students may observe the process of photosynthesis by placing their experimental apparatus in a
sunny window and watching the production of gas bubbles forming on the leaf surface. These
bubbles may be counted during a specified period of time to gauge the rate at which photosynthesis
is occurring. You may choose to have students place their apparatus in varying locations, altering
the light exposure to each apparatus, and compare rates of bubble evolution between groups.
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Pioneering Mars:
Unit 2: What is Mars like?
What is Mars like?: Mission 5:
Generation of Oxygen
Teacher information
Grades 5-8
Approx. class time: 2 55 minute
class periods
Educator Instructions continued:
After 24 hours, students should observe the collection of gas at the top of their test tube, as
the oxygen evolved during the photosynthetic process displaces the water from the tube.
Students should be especially careful when removing their test tube from the water, capping
it with their thumb immediately after all water has drained. This will trap the oxygen in the
tube. Oxygen generated during this experiment will be detected by introducing a glowing
ember (created by allowing a fireplace-length match to burn past the match head, then
blown out) to their experimental tubes. Due to the use of fire, safety precautions should
be taken during this lab. Protective eyewear is recommended, and teachers may opt to
perform the ignition portion of the experiment as a demonstration.
After completion of the experiment, students should use computers to research the process
of photosynthesis, then draw a simple diagram of the reaction as a performance
assessment.
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Pioneering Mars:
Unit 2: What is Mars like?
Mission 6: Generation of oxygen

Student sheet

Name_________________________________________________________________________Date____________________________
Mission instructions:
In Mission 4 you discovered that the Martian atmosphere does not contain oxygen, and therefore, the Martian surface cannot
support human life. Astronauts staffing a mission to Mars will need an ample supply of oxygen for both their space flight and
time on the Martian surface.
Currently, spacecraft take between 150-300 days to reach Mars. Furthermore, a crew deployed to Mars would have to
remain on the planet until the next “launch window” (when Earth are Mars line up closest to one another). At present, NASA
estimates that the total time for a Martian mission would take approximately 3 Earth years.
http://www.nasa.gov/offices/marsplanning/faqs/
Given the amount of time in flight and on the planet’s surface, astronauts will need a large supply of oxygen. However,
storage capacity on any space mission is limited, so it is important that astronauts have the ability to generate oxygen—both
during flight and on the planet.
One of the scientists working on this project with you mentioned plant life, through the process of photosynthesis, has the
ability to use carbon dioxide and light to make food, with the by-product of this reaction being oxygen. You recall from
Mission 5 that both light and carbon dioxide are available on the Martian surface, therefore the activity of photosynthetic
organisms may be a way to generate oxygen on Mars.
First, you must test the assumption that photosynthesis generates oxygen. To do this you will submerge an aquatic plant in a
solution of water and carbon dioxide to see if it gives off gas bubbles. If it does, you will test any gas evolved for the presence
of oxygen by exposing it to a glowing wood ember. Since oxygen gas is necessary for combustion (i.e. causing things to ignite
and burn), any oxygen present in your gas sample will cause a glowing ember to ignite into flames.

Instructions:
Working in teams, carefully follow the procedure outlined below for setting up your experimental apparatus. Record your
results on the sheet provided.
1.

Collect the follow materials per team:
• 1 Small Elodea or Hydrilla plant
• Small plastic knife
• 1 250 ml beaker
• 200 ml water
• 2g Baking soda (sodium bicarbonate)
• 1 Glass funnel
• 2 small pieces of sponge (less than ½ inch square each)
• 1 glass test tube
• 1 large “fireplace length” match
Instructions continued
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Pioneering Mars:
Unit 2: What is Mars like?
Mission 6: How to generate oxygen

Student sheet

Name_________________________________________________________________________Date____________________________
Mission Instructions:
2.

Prepare the water/carbon dioxide solution, by mixing 200ml of water with 2g of baking soda in your beaker. As the
baking soda reacts with the water it dissociates into carbon dioxide and sodium hydroxide, and will act as a carbon
dioxide source for your experiment. Note that any bubbles formed by dissolving Baking Soda in water will be carbon
dioxide gas bubbles, not oxygen. Oxygen bubbles will only be formed when photosynthesis takes place.

3.

Prepare your plant by removing leaves near the base of the stem. Then cut your plant stem at an angle using the plastic
knife provided, and gently crush the stem this will assist in the uptake of water by the plant

4.

Submerge your plant in the beaker.

5.

Place the small sponge cubes on either side of your plant. Then place the glass funnel over the plant and on top of the
sponge squares. It is important that the bottom of your funnel not touch the bottom of the beaker to allow for water
flow to your plant. (See diagram below.)

6.

Next, fill the test tube with water. Place your thumb over the mouth of the test tube, invert it, and place it in the water.
Once the mouth of the test tube is submerged, remove your thumb and place the test tube over the stem of the funnel.

7.

After assembly, you experimental apparatus should look like the diagram below:

http://www.elateafrica.org/elate/biology/nutrition/worksheetv.html

8. Place your apparatus in a well-lit location designated by your teacher.

Instructions continued

26

Pioneering Mars:
Unit 2: What is Mars like?
Mission 6: How to generate oxygen

Student sheet

Name___________________________________________________________________Date__________________________________
Mission Instructions:

9. Wait for five minutes and record your observations below.

10. Leave your apparatus in a well-lit location for 24 hours.
11. When you return the next day, describe below any changes you observe in your experimental
apparatus.

12. Remove the test tube from the funnel stem. As the water drains out of the tube, one team member
should immediately cap the mouth of the tube (with their thumb) to trap any gas produced during
your experiment.
13. A second team member should strike the match provided, and allow it to burn past the match head
to the wood portion of the match. Then blow the flame out.
14. While the wood is still glowing, insert the match stick into the test tube. Record your observations in
the space below.

15. Was the gas produced during this experiment oxygen? Why or why not?

Instructions continued
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Pioneering Mars:
Unit 2: What is Mars like?
Mission 6: How to generate oxygen

Student sheet

Name______________________________________________________________________Date_______________________________

Mission instructions:
16. Use the computers provided to research the process of photosynthesis. Draw a simple diagram of
the process below, including all necessary reactants and by-products produced.
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Unit 2: What is Mars like?
Mission 6: How to generate oxygen
Answer sheet

Answer sheet

Answer sheet

Answer sheet

Answer sheet

9. Wait for five minutes and record your observations below.

Students should note generation of gas bubbles on plant leaves after approximately 5-10 minutes. If
desired, students can count these over a period of time to get an idea of rate of photosynthesis.
10. When you return the next day, describe below any changes you observe in your experimental
apparatus.
There should be a collection of gas at the top of the test tube. This was created by the gas bubbles
generated during photosynthesis floating to the top of the tube and displacing the water.
12. While the wood is still glowing, insert the match stick into the test tube. Record your observations in
the space below.
If the ember is still glowing when inserted into the test tube, it should burst into flame for a short period
of time.
15. Was the gas produced during this experiment oxygen? Why or why not?
Because we know that oxygen is required for combustion, we can make the assumption that it was
oxygen in the test tube.
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Pioneering Mars:
Unit 2: What is Mars like?
What is Mars like?: Mission 6:
Martian Water Reports
Teacher information
Grades 5-8
Approx. class time: 55 minutes
Materials:
For each student group
• Copy of Mission 6 documents: water phase diagram and Mission 6: Martian Water
Reports
• Computer access
Instructions:
• Students will work in teams and use the water phase diagram and computer research to
answer the questions posited in the Mission 6: Martian Water Reports.

Students will by now have discovered that while the Martian planet surface is harsh, it does
possess many of the factors necessary to support life. However, liquid water, perhaps the
most important factor in supporting life, is severely limited on the planet’s surface. This is
largely due to the planetary conditions; the average temperature on Mars is low enough
that water is primarily present in the form of ice. However, temperatures on the planet’s
surface can fluctuate with location and time of day, and there are times when surface
temperatures rise above the melting point of water on Earth (0°C or 32°F). For example,
NASA has estimated the temperature at noon on the Martian to be 20°C (68°F).
Additionally, the Viking Orbiter has estimated Martian soil temperatures as high as 27°C
(81°F), and the Spirit Rover has estimated air temperatures as high as 35°C (95°F).
http://en.wikipedia.org/wiki/Climate_of_Mars

On Earth these temperatures would result in the melting of ice into liquid water. However,
that is because of the high pressure resulting from Earth’s thick atmosphere. The Martian
atmosphere is much thinner, and the pressure generated much lower. Therefore, when
Martian temperatures elevate enough to change the state of water, it sublimates from ice
directly to vapor. This explains the apparent lack of liquid water on the planet surface and
associated lack of life.
Instructions continued
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Pioneering Mars:
Unit 2: What is Mars like?
What is Mars like?: Mission 6:
Martian Water Reports
Teacher information
Grades 5-8
Approx. class time: 55 minutes
Instructions (continued):
However, there are a few locations on Mars where the atmospheric pressure is great. Hellas
Planitia is the largest visible impact crater in the solar system, with a depth of 7,152 m
(23,465 ft) deep, and an atmospheric pressure great enough that if temperatures there
exceeded 0°C (32°F) liquid water could exist.
This mission will demonstrate for students the relationship between temperature, pressure,
and state of matter for water. It will further ask students to consider the consequences of
these conditions on the possibility of using photosynthesis to generate oxygen during future
exploration of Mars.
The graphic interpretation skills required for this activity are advanced. Furthermore, the
concepts regarding state of matter being dependent upon temperature and pressure are
complex. Therefore, students may have difficulty answering all of the questions provided. It
is recommended that students work together in their teams to attempt to arrive at the
answers, then instructors review the answers as a class, to illustrate the graphic
interpretation skill and explain concepts. Answers to the questions are provided.
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Unit 2: What is Mars like?
Mission 6: Martian Water Reports

Student sheet

Phases of water

Pressure (atm)

Liquid

Ice

Vapor Vapor

Temperature (°C)
A
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Pioneering Mars:
Unit 2: What is Mars like?
Mission 6: Martian Water Reports

Student Sheet

Name________________________________________________________________ Date_______________________________
Mission instructions:
In Mission 5, you demonstrated that photosynthesis generates oxygen as a by-product, and therefore
could be used as an oxygen source during missions to Mars. You also discovered that the factors
necessary for photosynthesis are water, carbon dioxide, and light. You have further established during
your investigation of Martian planetary conditions that both light and carbon dioxide are present on
Mars. Finally, you should have discovered that water was present on Mars, in the form of ice.
Photosynthesis requires water in liquid form. However, to date no evidence has been found of water in
liquid form on the planet’s surface. This cannot be due only to low temperatures on Mars; even though
the average Martian temperature is well below 0°C, there are times when surface temperatures rise
above the melting point of water on Earth (0°C or 32°F). For example, NASA has estimated the
temperature at noon on the Martian to be 20°C (68°F). Additionally, the Viking Orbiter has estimated
Martian soil temperatures as high as 27°C (81°F), and the Spirit Rover has estimated air temperatures as
high as 35°C (95°F). http://en.wikipedia.org/wiki/Climate_of_Mars. Therefore, there must be some
factor in addition to low temperature that accounts for the lack of liquid water on Mars.
In this mission you will investigate why there is a lack of liquid water on Mars, and whether it is possible
for liquid water to exist there.
Instructions:
Using computer research and the materials provided, you and your team will answer the following
questions, and use them to predict the impact of planetary conditions on photosynthesis.
Use the graph depicting the state of water according to temperature and pressure.
1. According to the graph, what happens to water at very high pressures?

2. What happens to water at very high temperatures?

3. Using your computer, look up the definition of boiling point. Write the definition below.
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Pioneering Mars:
Unit 2: What is Mars like?
Mission 6: Martian Water Reports(continued)

Student Sheet

Name__________________________________________________________________________Date___________________________
3. The average atmospheric pressure on Earth at Sea level is 1 atm (atmosphere) or 101,325 Pa
(Pascals). Note—both atmospheres and Pascals are units that measure pressure. Refer to the graph.
At 1 atm of pressure (average Earth pressure), what is the melting point of water? What is the
boiling point?

4. The average pressure on Mars is 0.00592 atm or 600 Pa. At this pressure, what happens to water at
approximately -4°C? Why is this important for the Pioneering Mars project?

5. The point on the graph labeled A is called the triple point of water. Why might this be a good name
for this point?

6 The exact measurements for the triple point of water are 0.01°C and 0.00603 atm or 611 Pa. How do
these measurements compare to the climate conditions on Mars?

7. In order for liquid water to exist on Mars, which would have to increase: temperature or pressure?

8. While the average atmospheric pressure on Mars is 0.00592 atm or 600 Pa, there are variations over
the planet’s surface. For example, Hellas Planitia is a large and very deep impact crater on the
surface of Mars. Because it is very deep, the weight of the atmosphere at the bottom of this crater
creates an atmospheric pressure greater than the planet’s average. The atmospheric pressure at the
bottom has been estimated at 0.0114 atm or 1155 Pa. Many scientists have suggested this increased
pressure makes Hellas Panitia an ideal location for future Mars outposts. Why would increased
pressure make Hellas Planitia an ideal place for Martian colonization?
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Unit 2: What is Mars like?
Mission 6: Martian Water Reports
Answer sheet

Answer sheet

Answer sheet

Answer sheet

Answer sheet

1. According to the graph, what happens to water at very high pressures?

The freezing point will decrease and the boiling point will increase.
2. What happens to water at very high temperatures?
At high temperatures, water tends to vaporize.
3. Refer to the graph. At 1 atm of pressure, (average Earth pressure) what is the melting point of
water? What is the boiling point?
0°C ; 100°C
4. The average pressure on Mars is 0.00592 atm or 600 Pa. At this pressure, what happens to water at
approximately -4°C? Why is this important to the Pioneering Mars project?
It changes directly from ice to vapor, because even high temperatures will not result in liquid water for
organisms to use during photosynthesis.
5. The point on the graph labeled A is called the triple point of water. Why might this be a good name
for this point?

This is the point at which water can exist in all three phases of mater: solid, liquid and gas.
6. The exact measurements for the triple point of water are 0.01°C and 0.00603 atm or 611 Pa. How do
these measurements compare to the climate conditions on Mars?
The atmospheric pressure is very close to that of Mars; the temperature is well above the Martian
average, but within the range of temperature fluctuations on Mars.
7. In order for liquid water to exist on Mars, which would more important to increase: temperature, or
pressure?
Pressure, because temperatures on Mars already fluctuate, and can occur above 0°C, but without an
increase in pressure, if ice melts, it will turn into vapor.
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Mission 6: Martian Water Reports
Answer sheet

Answer sheet

Answer sheet

Answer sheet

Answer sheet

8. While the average atmospheric pressure on Mars is 0.00592 atm or 600 Pa, there are variations over
the planet’s surface. For example, Hellas Planitia is a large and very deep impact crater on the
surface of Mars. Because it is very deep, the weight of the atmosphere at the bottom of this crater
creates an atmospheric pressure greater than the planet’s average. The atmospheric pressure at the
bottom has been estimated at 0.0114 atm or 1155 Pa. Many scientists have suggested this increased
pressure makes Hellas Panitia an ideal location for future Mars outposts. Why would increased
pressure make Hellas Planitia an ideal place for Martian colonization?
It would be ideal because the atmospheric pressure there is elevated above the triple point. Therefore, if
the temperature increased to greater than 0°C, liquid water could exist there.
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Pioneering Mars:
Unit 2: What is Mars like?
What is Mars like?: Mission 7:
Cyanobacteria as Ideal Photosynthesizers
Teacher information
Grades 5-8
Approx. class time: 55 minutes
Materials:
• Computer with projector for viewing
• Access to the website http://www.nhm.ac.uk/nature-online/earth/antarctica/antarcticresearch/cyanobacteria/
• Student computer access or printed copies of the accompanying text from above webpage
• Copies of Mission 7: Ideal photosynthesizers for each student team
Instructions:
• As a class, view the introductory video segment “Extreme survival of cyanobacteria.”
• Working individually, students will read the accompanying information pertaining to
cyanobacteria.
• Students will answer questions about cyanobacteria, and use information provided to write a
paragraph explaining why cyanobacteria are an ideal organism for use in oxygen generation
for future Mars exploration.
In Mission 5, students used macroscopic (i.e. large) aquatic plants to demonstrate
photosynthesis. These particular plants were multicellular, complex, and required large
quantities of light, water, and other nutrients to photosynthesize efficiently. However, through
their investigation of Martian planetary conditions, students should have an understanding that
many of the factors required for photosynthesis are in limited supply on Mars. Therefore, in
order to use photosynthesis as a means of oxygen generation, it will be necessary to identify
organisms that have the ability to photosynthesize with limited light and water and at very low
temperatures.
Cyanobacteria (sometimes called “blue-green algae”) represent a group of microscopic
organisms that may have the capacity to photosynthesize under Martian conditions. These
unicellular organisms can be found in some of the Earth’s harshest climates, including the
continent of Antarctica. In particular, the climate of Antarctica’s dry valleys is thought by many
scientists to be the closest Earth analog to a Martian climate due to low temperatures, lack of
precipitation, and low light conditions. Cyanobacteria are able to exist in these areas and
therefore may be able to survive on Mars. The ultimate goal of the Pioneering Mars project is to
design experiments to determine whether cyanobacteria can exist under Martian conditions and
ultimately to replicate these experiments in reduced gravity aboard the International Space
Station.
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Student sheet

Mission 7: Cyanobacteria as Ideal Photosynthesizers
Name _____________________________________________________________________ Date_______________________________

Mission Instructions:
During your experiment in Mission 5, you used an aquatic plant to demonstrate that photosynthesis
generates oxygen. This plant was large and multicellular. Due to its size and complexity, it required
relatively high quantities of the factors necessary for photosynthesis: carbon dioxide, liquid water, and
light. However, while there is an abundance of carbon dioxide available in the Martian atmosphere, both
liquid water and light are more limited. Therefore, large plants that require high levels of these factors
are not appropriate for use as oxygen generators on Mars.
Your goal for this mission is to identify photosynthetic organisms that would require minimal quantities
of liquid water and light and be able to withstand the Martian climate. To begin your investigation of
possible options, you will begin with the simplest photosynthetic organisms on Earth: cyanobacteria.
You will watch a brief video segment introducing you to cyanobacteria, and use the accompanying text to
inform you about their biology and habitat. You will then generate a brief one paragraph report
describing the suitability of these organisms for use in pioneering Mars through oxygen generation.

1.

What does the presence of cyanobacteria in Antarctica tell you about its tolerance for low
temperatures?

2.

Mars is approximately 141,600,000 miles from the Sun; that’s 48,640,000 miles (about 1.5X)
farther away than Earth. Therefore, light on the Martian surface is dimmer than light on Earth.
How would adaptation to the dim light conditions of Antarctica be advantageous to a
photosynthetic organism on Mars?
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Student sheet

Mission 7: Cyanobacteria as Ideal Photosynthesizers
Name ____________________________________________________________________Date_____________________________
3. “Cyanobacteria can be found in almost every terrestrial and aquatic habitat—oceans, fresh water,
damp soil, temporarily moistened rocks in deserts, bare rock and soil, and even Antarctic rocks.”
http://en.wikipedia.org/wiki/Cyanobacteria
Based on the statement above, how would you characterize cyanobacteria’s need for liquid
water?

4. Are there any advantages to using a small, single-celled organism for this project, over using a
larger, multicellular one?

5. Please use the above information about cyanobacteria to generate a one paragraph report
outlining the suitability of using cyanobacteria as photosynthetic oxygen generators on Mars.
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Mission 7: Cyanobacteria as Ideal Photosynthesizers
Answer sheet

1.

Answer sheet

Answer sheet

Answer sheet

Answer sheet

What does the presence of cyanobacteria in Antarctica tell you about its tolerance
for low temperatures?

It can withstand extremely low temperatures.
2.

Mars is 141,600,000 miles from the Sun; 48,640,00 miles farther than Earth.
Therefore, light on the Martian surface is dimmer than light on Earth. How would
adaptation to light conditions in Antarctica be advantageous to a photosynthetic
organism on Mars?

Because Antarctica experiences prolonged periods of darkness and dim light,
cyanobacteria should be well adapted to photosynthesizing in low light conditions.
3. “Cyanobacteria can be found in almost every terrestrial and aquatic habitat—oceans,
fresh water, damp soil, temporarily moistened rocks in deserts, bare rock and soil, and
even Antarctic rocks.”
http://en.wikipedia.org/wiki/Cyanobacteria
Based on the statement above, how would you characterize cyanobacteria’s need for
liquid water?
Many species need very little liquid water to survive.
4. Are there any advantages to using a small, single-celled organism for this project, over
using a larger, multicellular one?
A small, single-celled organism doesn’t take up large amounts of storage space, requires
small quantities of nutrients.
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Unit 3: Can we pioneer Mars?
Unit Summary:
Unit 3 will focus on designing experiments based on the information learned in Units 1-2. In this
Unit, students will be lead through a review of the scientific method and asked to formulate
hypotheses about the viability of cyanobacteria under Martian conditions. Students will then
learn the components of an experiment, and be guided through basic experiment construction.
Finally, students will carry out their experiments, use data collected to draw conclusions about
their hypotheses, and critically analyze their experimental methods and outcomes.

Unit Objectives:
•
•
•
•
•
•
•
•

Students will investigate the scientific method.
Students will identify the central question of the Pioneering Mars project.
Students will construct hypotheses based on background evidence.
Students will differentiate between independent variables, dependent variables, and
experimental constants.
Students will identify experimental and control groups in an experiment.
Students will evaluate experimental design based on principles of the scientific method.
Students will design and construct an experiment to test hypotheses.
Students will analyze and interpret data.

Common Core Curriculum alignment (grades 5-8):
•

•

CCSS.Math.Content.5.G.A: 1 Use a pair of perpendicular numbered lines, called axes, to define
a coordinate system, with the intersection of the lines (the origin) arranged to coincide with
the 0 on each line and a given point in the plane located by using an ordered pair of numbers,
called its coordinates. Understand that the first number indicates how far to travel from the
origin in the direction of one axis, and the second number indicates how far to travel in the
direction of the second axis, with the convention that the names of the two axes and the
coordinates correspond (e.g., x-axis and x-coordinate, y-axis and y-coordinate).
CCSS.Math.Content.5.G.A.2: Represent real world and mathematical problems by graphing
points in the first quadrant of the coordinate plane, and interpret coordinate values of points
in the context of the situation.
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NGSS alignment (grades 5-8):
• MS-LS1-5: Construct a scientific explanation based on evidence for how environmental and
genetic factors influence the growth of organisms.
• MS-LS2-1: Analyze and interpret data to provide evidence for the effects of resource
availability on organisms and populations of organisms in an ecosystem.
• MS-LS2-4: Construct an argument supported by empirical evidence that changes to physical or
biological components of an ecosystem affect populations.
• 3-5-ETS1-3: Plan and carry out fair tests in which variables are controlled and failure points are
considered to identify aspects of a model or prototype that can be improved.
• MS-ETS1-1: Define the criteria and constraints of a design problem with sufficient precision to
ensure a successful solution, taking into account relevant scientific principles and potential
impacts on people and the natural environment that may limit possible solutions.
• MS-ETS1-2: Evaluate competing design solutions using a systematic process to determine how
well they meet the criteria and constraints of the problem.
• MS-ETS1-3: Analyze data from tests to determine similarities and differences among several
design solutions to identify the best characteristics of each that can be combined into a new
solution to better meet the criteria for success.
• MS-ETS1-4: Develop a model to generate data for iterative testing and modification of a
proposed object, tool, or process such that an optimal design can be achieved.
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Can we pioneer Mars?: Mission 8:
What do we want to know?
Teacher Instructions
Grades 5-8
Approx. class time: 55 minutes
Materials:
• Copies of student sheet Mission 8: What do we want to know?
• Sheets from previously completed missions for background reference
Instructions:
• Working in teams, students will complete assignment sheet to review the scientific method
and generate a hypothesis.
• Students will share hypotheses generated with the class, and a single, classroom consensus
hypothesis will be agreed upon.
In this lesson students will review the scientific method. This activity may be completed in
student teams or individually. Each group (or individual) will use the sheet provided to identify
the underlying question for the Pioneering Mars project, review relevant background information
and develop a hypothesis that they will later test during an experiment.
Students will be asked to identify the over-arching question of the Pioneering Mars project and to
use that central question to construct hypotheses for later testing. Many students may mistakenly
think the main goal of the Pioneering Mars project is to determine whether life can exist on Mars
or whether humans can colonize Mars. While these questions may be of interest to NASA, they
are not the ultimate goal of the Pioneering Mars project. Instead, this project is concerned with
whether cyanobacteria can grow under Martian conditions. If cyanobacteria are able to grow
under such conditions, it may be a first step toward later human habitation on Mars.

After students have constructed their hypotheses and identified relevant background information,
they should share their hypotheses with the class, so that an overall consensus hypothesis can be
reached. The classroom consensus hypothesis should be related to whether cyanobacteria can
grow under Martian conditions, and this hypothesis should be testable, as it will act as a
springboard for future experimental design.
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Mission 8: What do we want to know?

Student sheet

Name _____________________________________________________________________ Date_______________________________
Mission Instructions:
In this mission you will review the scientific method in preparation for executing experiments regarding the
Pioneering Mars project.
Read the provided materials and answer the questions below. Your team will then report out to the class, in
an effort to come to a consensus on the fundamental question and hypothesis of the Pioneering Mars
project.
The scientific method is the mechanism by which scientists seek to gain knowledge. It is centered on the
idea of asking questions that can be answered using measurable data. A key feature of the method is that
procedures followed by one investigator can be repeated by a second, with the same outcome. By following
this methodology, scientists attempt to gain objective information about the universe around them.
The scientific method can be divided into five components:
1. Asking a question – This question should be based on observations.
2. Formulating a hypothesis—This is a guess at the answer to the question asked and is typically based on
background information. Due to the fact that the hypothesis is based on background knowledge, some
scientists refer to the hypothesis as an “educated guess.” Hypotheses (hypothesis is singular;
hypotheses, plural) should be testable and falsifiable. For example the hypothesis “The Hunger Games is
the best book ever written” is a poor hypothesis, because there is no way to collect measurable data to
support to or falsify this assertion. A better hypothesis would be “The Hunger Games was the most
popular book of 2009” because data on book sales and number of readers can be collected.
3. Testing the hypothesis – This is the design and execution of an experiment. Good experiments yield data
that is “quantifiable,” or numerically measurable. Data such as “good,” “bad,” “large,” or “small” are not
quantifiable, and not useful in science, as the definition of these categories can vary between
investigators.
4. Drawing a conclusion and data analysis – If an experiment is well designed, it will generate data that will
allow the investigator to determine whether their hypothesis was supported or refuted. After a
conclusion is drawn about whether data from the experiment support or refute the hypothesis, the
investigator should spend time examining how this information can be used, how it fits the current
understanding of the field, and what direction further research should take.
5. Communication of findings – Ultimately, the goal of science is to broaden understanding about the
universe around us. Therefore, it is the responsibility of the investigator to communicate their findings to
the scientific community. Typically, communication of scientific findings is accomplished through
publication of articles in scholarly journals. These articles are carefully analyzed and critiqued by other
scientists in the field, to ensure best scientific practices have been followed. This process is known as the
“peer-review” process, and helps to eliminate bias in scientific data.
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Name _____________________________________________________________________ Date_______________________________

1. Based on the background information you have collected during previous missions, identify the
central question you think is being asked by the Pioneering Mars project. Circle your answer.
A. Can life exist on Mars?
B. Can humans colonize Mars?
C. Can cyanobacteria photosynthesize under Martian conditions?
D. Are Mars and Earth similar?
2. Using your question choice from above, formulate a hypothesis. Remember, a hypothesis is an
educated guess at the answer to your question.

3. Below, provide four pieces of background information from previous missions that led you to make
the “educated guess” you made in your hypothesis.

4. In the space below, record the consensus hypothesis generated by your class.
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Teacher Instructions

Grades 5-8
Approx. class time: 55 minutes
Materials:
• Copies of Mission 9: Understanding experiments for each student
Instructions:
• Distribute student sheets.
• Allow time for students to answer questions.
• Review answers together as a class to ensure students understand the parts of a well-designed
experiment.

In this Mission, students will use the readings and guided question to learn the principal parts of
an experiment. This Mission will serve as a model for the design of future experiments in Mission
11.
Should students have difficulty identifying variables, constants, and controls in an experiment, the
following websites will provide additional practice:

http://www.biologycorner.com/worksheets/controls.html#.UiEHNBaYVeU
http://www.lhup.edu/sboland/independent_and_dependent_variab.htm
http://sciencespot.net/Media/scimethodconvar.pdf
http://hms.dcsdschools.org/common/pages/DisplayFile.aspx?itemId=13985048
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Name _____________________________________________________________________ Date_______________________________
Mission Instructions:
In the last mission, your class developed a hypothesis for testing. To test a hypothesis, you must design an
experiment. The information below will lead you through the steps in experimental design.
Read through the following text and answer the associated questions.
Parts of an experiment:
While experiments can differ greatly, most include factors that change during their execution. These factors are
called variables, and come in several types.
• Independent variable—This is the variable that is manipulated by the investigator. (An easy way to remember
this is that both independent and investigator begin with the letter I.)
• Dependent variable---This is the variable that changes in response to the manipulations of the independent
variable.
• Constants---These are factors that do not change in the experiment. Ideally, an experiment should have only
one independent and one dependent variable, and all other conditions should remain constant.
• Control – This is a special case which serves as the example against which all of the experimental data will be
compared.

Consider the experiment below:
Dr. Jones wants to know whether atmospheric pressure affects the boiling point of water. Based on
information she learned in chemistry class, she believes that it does. Her hypothesis is that as
atmospheric pressure increases, so does the temperature to bring water to its boiling point.
To test this hypothesis she travels to four locations. At each point she records the atmospheric pressure,
heats 500 ml of water to boiling, and records the temperature. At each location she uses the same
instruments to record her measurements, and she uses the same hot plate heat her samples. The data
generated are recorded below:
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Name _____________________________________________________________________ Date_____________________________

1. Who is the investigator in this experiment?
___________________________________________________________________________________
2. What is the independent variable (in other words, what is the investigator changing)?
___________________________________________________________________________________
3. What is the dependent variable (when the investigator makes a change, what happens in
response)?
___________________________________________________________________________________
4. What are the constants (what factors remain the same between each trial)?
___________________________________________________________________________________

What if the experiment was changed to read as follows?
Dr. Jones wants to know whether atmospheric pressure affects the boiling point of water. Based on
information she learned in chemistry class, she believes that it does. Her hypothesis is that as
atmospheric pressure increases, so does the temperature to bring water to its boiling point.
To test this hypothesis she travels to four locations. At each point she records the atmospheric
pressure. At each location she heats 500 ml of water to boiling and records the temperature. To save
packing room during her travels, she borrows instruments to record pressure and temperature from
her friends at each location.
5. Does the above change weaken or improve the experiment? Why?
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Name _____________________________________________________________________ Date_____________________________

Typically in an experiment you have one group that is the reference point, or known value. This group
is called the control. For example, if you were doing an experiment to determine the effect of
different kind of fertilizer on plant growth, you would have one group of plants that received no
fertilizer, only water. This would give you an idea how much the plants would grow on their own
without fertilizer, and gives you a reference point to judge whether the fertilizer had any effect.
In Dr. Jones’ experiment, there is only one reference point (control): the boiling point of water at sea
level is 100 °C.
6. Given the above information, which of the locations visited by Dr. Jones during her experiment is
the control?

Dr. Jones’ experiment has generated data that needs to be interpreted so that you can draw a
conclusion about whether her hypothesis has been supported or refuted. One way of looking at data
can be through the use of graphs.
When data from an experiment are graphed together, the independent variable data are graphed on
the X (horizontal) axis and the dependent variable data are graphed on the Y (vertical) axis. Graph the
data from the experiment on the grid provided. Be sure to label each axis and include units of
measurement.

Graphing grid on next page
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Name _____________________________________________________________________ Date_____________________________

The effect of atmospheric pressure on the boiling point of water
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Name _____________________________________________________________________ Date_____________________________

7. Based on the graph from the previous page, how would you describe the
relationship between atmospheric pressure and boiling point temperature?

After conducting her experiment, Dr. Jones decided that her procedure could be
improved. She conducted the experiment a second time and the data are shown below.

8.

How did Dr. Jones alter her experiment?

10. Explain why she got different measurements at the same location.

11. How did this improve her experiment?
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1. Who is the investigator in this experiment?
Dr. Jones
2. What is the independent variable (in other words, what is the investigator changing?) and how did
he/she manipulate this variable?
Atmospheric pressure; by visiting different locations with different pressures
3. What is the dependent variable (when the investigator makes a change, what happens in
response?)
Boiling point changes
4. What are the constants (what factors remain the same between each trial?)
Same instruments for measurement, same amount of water heated, same heating element used
5. Does the above change weaken or improve the experiment? Why?
It weakens the experiment because we no longer can be sure whether the changes observed are due
to use of different instruments to measure or changes in atmospheric pressure. In other words, all
variables (other than the independent variable) were not held constant.
6. Given the above information, which of the locations visited by Dr. Jones during her experiment is
the control?
Biloxi, MS
7. How would you describe the relationship between atmospheric pressure and boiling point
temperature?
As pressure increases, so does the boiling point temperature.
8. How did Dr. Jones alter her experiment?
She added additional trials at each location.
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10. Explain why she got different measurements at the same location.
Human and/or instrument error
11. How did this improve her experiment?
It allowed her to take an average of several values, thereby reducing the effect of human and/or
instrument error.
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Teacher Instructions

Grades 5-8
Approx. class time: 55 minutes
Materials:
• Copy of Mission 10: Experimental Design Plan student sheets for each student team
• Copies of information form Mission 8 and 9 for student reference

Instructions
• Divide students into teams (or use teams from previous missions).
• Assign each team a variable for testing: temperature or light.
• Distribute student sheets.
• Brief students regarding classroom materials available for conducting their experiments.
• Allow time for students to complete design plans.
• Provide assistance where needed.
In Missions 8-9, students have reviewed the scientific method and parts of an experiment. In this
mission, students will incorporate that information into plans for an experiment to be conducted
in Mission 11.
While there are many environmental variables to be considered when testing the viability of
photosynthetic organisms on Mars, students will only be asked to design experiments for two of
them—temperature and light—due to the ease of manipulating these variables in a classroom
environment.
One aspect of the design plan that may be difficult for students is determining how they will
manipulate their assigned variable. This will vary greatly depending upon the resources available
to the class. For example, a student group that is assigned light availability may place their
experimental groups in locations with differing light levels, or they may use lamps with differing
light output, depending on the classroom’s resources. Similarly, students assigned temperature
may use water baths with varying amounts of ice to manipulate the temperature for experimental
groups.
Students will need similar assistance in identifying how they will measure the growth of their
experimental organisms. This will vary greatly depending on the type of photosynthetic organism
used. While the Pioneering Mars project is investigating the viability of Antarctic cyanobacteria,
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Teacher Instructions
Grades 5-8
Approx. class time: 55 minutes
these organisms are not available through scientific supply companies. Therefore, another organism
must be substituted. It is recommended that students use an organism that can be grown in aquatic
culture, such as algae from a local body of water, or aquatic strains of cyanobacteria that are available
from scientific supply companies. This way, students can compare the “greenness” of experimental
groups to determine the amount of growth. The more green a sample is, the more growth will have
occurred. Since the equipment to quantify the amount of green pigment (chlorophyll) in a sample is
expensive and only available at scientific laboratories, you will need to devise an alternative method of
measurement. One possible method of measurement would be for students to rate the color of their
samples on a scale of 1-5, with one being clear and five being opaque green.
If you are unable to acquire algae from a local body of water for your experiments, information for
ordering photosynthetic organisms may be found at the following sites:

http://www.carolina.com/living-organisms/10476.ct
http://www.enasco.com/c/science/Live%20Materials/Algae/
https://www.wardsci.com/store/catalog/category.jsp?id=PD10355523&navAction=pop&navCount=6
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Constructing experiments for the Pioneering Mars project
Name _____________________________________________________________________ Date_______________________________
Mission instructions:
In Mission 9 you learned all of the components of a good experiment. Today you will put that
information to use by designing an experiment for the Pioneering Mars project.
Recall that the Pioneering Mars project is interested in determining whether cyanobacteria can grow
under Martian conditions. Some of those conditions include dim light conditions and low temperatures.
Also recall that an experiment should only have one independent variable that is manipulated by the
investigator. If we changed light levels and temperature simultaneously, it would be impossible to tell
which variable caused any observed growth differences in cyanobacteria.
There are many extreme conditions on Mars that photosynthetic organisms would have to overcome to
survive. However, many of these, such as pressure or gravity, are difficult to manipulate in a classroom
environment. For this reason, we will limit our experiments to the examination of temperature and light
levels. Your teacher will assign your team one of these variables. Your task is to design an experiment to
determine how altering one of these variables changes growth rates of photosynthetic organisms.
Ultimately, the Pioneering Mars project seeks to test the growth of Antarctic cyanobacteria in Martian
conditions. However, Antarctic cyanobacteria are not widely available. Therefore, your teacher will
supply you with a substitute organism to use in your experiments. Results about the growth of your
substitute organism in varying temperatures and light levels will serve as preliminary data to help predict
whether Antarctic cyanobacteria could survive in Martian conditions.
To begin the process of designing your experiments, you will complete the Mission 10: Experimental
Design Plan. Below is an example of an experimental design plan filled out for the boiling point
experiment from Mission 9. Use this experimental design plan as a model to design your own
experiment.
Your teacher will supply you with information about the materials available to you for your experiments.
This will help in determining how you will alter the variable assigned to you (light or temperature) and
how you will measure the growth of your organisms.
Be as detailed as possible in your design plans. You will use the information from this mission in your
final mission: the execution of Pioneering Mars experiments.
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EXAMPLE Experimental Design Plan:
Title: The effect of atmospheric pressure on the boiling point of water
Hypothesis: As atmospheric pressure increases, the boiling point of water will

also increase.

.

Independent variable, and method of manipulation: Atmospheric pressure; by

changing location (i.e. elevation above/below sea level)
Independent variable categories and number of trials:
Control:
Biloxi, MS
101,300 Pa

Denver, CO

Mt. Everest,
Nepal

Dead Sea ,Israel

3 trials

3 trials

3 trials

3 trials

Dependent variable and how it will be measured: Boiling point, measured in °C

using standard thermometer
Constants:

1. Amount of water will be equal among trials (500 ml).
2. Same instruments will be used to measure temperature and atmospheric
pressure in all trials.
3. Same person will use instruments in all trials.
4. Same hot plate will be used to heat samples.
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Constructing experiments for the Pioneering Mars project
Name _____________________________________________________________________ Date_______________________________

Experimental Design Plan:
Adapted from: http://www.longwood.edu/cleanva/images/sec6.designexperiment.pdf

Title:
Hypothesis:
Independent variable and how it will be manipulated

Independent variable categories and number of trials:

Dependent variable and how it will be measured

Constants:
1.
2.

3.
4.
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Pioneering Mars Experiments
Teacher Instructions
Grades 5-8
Approx. class time: 5-10 55 minute class periods (duration at teacher discretion)
Materials:
• Copies of Mission 11: Pioneering Mars Experiments for each student team
• Copies of Mission 10: Experimental design as a reference for each student team
• Supply of algae or cyanobacteria cultures for each student team
• Supply of materials for manipulating light, temperature, and water availability to experimental
organisms
Instruction:
• Distribute students sheets to teams.
• Inform students of supplies available for experiment implementation.
• Allow 1-2 class periods for creation of experimental procedures, and experimental set up.
• Allow 3 (or more) days for experimental observation and data collection.
• Allow 1-2 class periods for analysis of data.
In this Mission, students will implement the experiment designed in Mission 10. Students will
spend one to two class periods detailing the procedure they will use for their experiment and
setting up their experimental apparatus. Students will then spend 3 or more days observing the
growth of their photosynthetic cultures. During each observation day, students should check their
apparatus: they should adjust their experiments as appropriate (by checking light sources or
adding ice to water baths to adjust temperature) and record the amount of growth. At the end of
the experiment, students should use their data to asses whether their hypothesis was supported
or refuted and reflect on whether their results could have been influenced by any problems with
experimental design or execution.
Prior to beginning experiments, teachers should apportion experimental organisms into
appropriate quantities. For example, each student team could be allotted a sample of 5 ml of
algae suspended in water, which they would then divide into each of their experimental trials
evenly. Prior to beginning experimentation, teachers should assess what volume of
photosynthetic organisms in solution would be appropriate for use; this will vary according to the
organism used. If you are using algae from a local body of water, volumes for experimental use
may be larger; if you are using cultures of cyanobacteria ordered from a scientific supply company,
volumes may be smaller.
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Pioneering Mars Experiments
Name _____________________________________________________________________ Date_______________________________
Mission instructions:
In your final mission, you will create and conduct an experiment to determine whether photosynthetic
organisms could live in Martian conditions. Follow the steps outlined below. You may need to refer to
your Experimental Design Plan from Mission 10 for some of the information.

Experiment Title:
Hypothesis:

Materials In the space below, generate a list of all the materials you will need to complete
your experiment:
1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
Attach additional pages as necessary to list your materials
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Procedure: In the space below, detail the steps necessary to conduct your experiment.
Ideally, these instructions should be written so that someone who knew nothing about
your project could repeat the experiment exactly.
1.

2.

3.

4.

5.

6.
Attach additional pages as necessary to describe your procedure
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Results: Record the results of your experiment. You may use the table provided below, or
you may use your own table to record information.
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Analysis: Answer the questions below to analyze the results of your experiment.
1.

Was your hypothesis supported or refuted? Cite evidence from your results to
support your conclusion.

1.

Are there aspects of your experimental design, or problems with the execution of
your experiment that might have influenced your results?

1.

If you could repeat this experiment, how would you improve it?
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