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The first Martians are in school on Earth today, and NASA seeks students who 
are ready to start their Mars Colonist training today! 

Mars Base Eagle, a simulated Mars colony, provides NASA Researchers' our 
most current understanding of how families will live, work and go to school on 
Mars. Life on this alien planet will be hard, and will require the skill of being able 
to figure out how to solve problems with the tools and supplies you already have 
on hand. 

Have you ever solved a problem in a creative way, using only what you had 
available? That is what the first Martians must be able to do. 

These lessons will give you a chance to start learning how to solve the kinds of 
problems families may face on Mars. Best wishes on your training and this 
important Mission. 

MARS BASE EAGLE 
Integrating Students, Teachers and Families in the Engineering Process of Building 
NASA-Themed STEM Museum Displays: A pilot project for US Science Museums 



    
 

 
                

        
         

           
         

     
         

               
            

         
 

           
 

              
     

           
          

          
   

                
    

         
          

           
       

           
    

 
  

 
           

         
           

            
 

 
      

 
            

      
      

     
       

   
       

            

Mars Base Eagle Missions 
Innovative Science Lessons Designed for Middle-level Students 

Each Mars Base Eagle Mission is a set of compelling science lessons that are designed to 
engage all students in learning key disciplinary content with an engaging Mars context. Our 
collaborative teams combined expertise in typical middle school student interests, cutting-edge 
scientific knowledge and innovation associated with exploring Mars, and a commitment to 
engaging students firsthand in rigorous practices of science and engineering. Our vision is that 
all students who engage in Mars Base Eagle Missions--even those students who are typically 
underserved in schools--may become inspired to consider further science academics and 
careers. In addition, Mars Base Eagle Missions are designed with high rigor, so that students 
can learn through experience the satisfaction of figuring out plausible solutions to the barely-
imaginable--in this case, sending humans to explore Mars. 

Mars Base Eagle Interactive Exhibit at Wings of Eagles Discovery Center 

Wings of Eagles Discovery Center teaches aviation history and space science through the lens 
of how situations with limited resources lead to human innovation. Notably, the NASA grant that 
made the Mars Base Eagle Project possible, simultaneously supported curriculum development 
and the design and development of a Mars exhibit at the Wings of Eagles Discovery Center in 
Horseheads, NY. Also collaboratively developed, this interactive exhibit was explicitly designed 
to support teachers and learners who engage in Mars Base Eagle Mission science lessons (as 
well as exhibit visitors of all ages and backgrounds). Therefore, students engaging in any of the 
three Mars Base Eagle Missions can use experiences with the Mars Base Eagle exhibit to 
develop appreciation for the Mars environment and the human ingenuity required to travel to 
and explore Mars. The Mars Base Eagle exhibit at Wings of Eagles can help students grasp 
how scientists and engineers rely upon creativity and extensive knowledge to anticipate and find 
solutions for challenges. Further, students can discover how challenges facing those working to 
put humans on Mars can be sometimes similar to and sometimes entirely unlike those 
challenges we face on Earth. 

Science Standards Alignment 

In addition, the design of the lessons in Mars Base Eagle Missions aligns with the Next 
Generation Science Standards and New York State Science Education Standards. This 
includes close alignment with the vision that science teaching and learning should reflect the 
interconnected nature of science by integrating learning of Disciplinary Core Ideas Crosscutting 
Concepts, and Practices of Science and Engineering. 

Expertise Behind the Mission Ops Manual 

Design and development of the three Mars Base Eagle Missions was a collaborative effort, 
involving highly-qualified educators and noteworthy scientists and engineers. The outpouring of 
assistance from NASA researchers and engineers--both retired and current--as well as 
numerous experts in Mars exploration and exploration in remote Earth locations was 
phenomenal. As one collaborator noted, students who have the opportunity to learn with all 
three Mars Base Eagle Missions will be some of the very most knowledgeable individuals about 
Mars exploration because of the multidisciplinary input that went into designing the Missions. 
Perhaps those students will be some of the first to explore Mars... 
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Life Science Mission Standards Alignment 
Interdependent Relationships in Ecosystems 

MS-LS2.A 
• Organisms and populations or organisms, are dependent on their environmental 

interactions with other living things and with nonliving factors. (MS-LS2-1) 
• Growth of organisms and populations increases are limited by access to resources. 

(MS-LS2-1) 
Science and Engineering Practices 

Practice 1: Asking Questions 
and Defining Problems 

Asking questions and defining problems in 6–8 builds on K–5 experiences 
and progresses to specifying relationships between variables, and clarifying 
arguments and models. 

Practice 2: Developing and 
Using Models 

Modeling in 6–8 builds on K–5 experiences and progresses to developing, 
using, and revising models to describe, test, and predict more abstract 
phenomena and design systems. 

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. 

Crosscutting Concepts: 
System and System Models: Models can be used to represent systems and their interactions—such as 
inputs, processes, and outputs—and energy and matter flows within systems. (MS-PS3-2) 

Cause and Effect: Cause and effect relationships may be used to predict phenomena in natural or 
designed systems. (MS-ESS2-5) 

Navigating the Mission 
Each lesson in this Mission includes the following components: 

Mission Snapshot Page: Pertinent information at a glance: driving questions, learning 
targets, preparations, materials needed, approximate timing, and basic implementation 
steps ("Mission Brief") 

Lesson Outline: Detailed, step-by-step suggestions for implementing the lesson 
Where applicable, lessons also include: 

Teacher Spec Sheets: Background information, materials for the whole class, etc. 
Student Spec Sheets: Master pages to be printed or copied for student use. 

Printing the Mission 
The PDF file for each Mission is formatted professionally to be printed double-sided. There are 
blank pages inserted that will cause the printed pages to orient correctly. 

Mission Cumulative Assessment 
Mars Base Eagle Missions include an assessment that was designed, piloted, and refined to 
assess key understandings related to the learning targets. Using the assessment for both pre-
and post-assessment can reveal a combination of impact on students' attitudes about science 
academics and careers, as well as insights into what new disciplinary content they were 
exposed to and how it thoroughly it was understood. Both assessment and key are included at 
the end of this Mission Ops Manual. 





     
 

  

         
         

        
 

   
     

   
   

 

  
           

       
 
 
 

   
 

            
    

               
 

Navigating and Printing This Mission 

Navigating the Mission 
Each lesson in this Mission includes the following components: 

Mission Snapshot Page: Pertinent information at a glance: driving questions, learning targets, 
preparations, materials needed, approximate timing, and basic implementation steps ("Mission 
Brief") 

Lesson Outline: Detailed, step-by-step suggestions for implementing the lesson 
Where applicable, lessons also include: 

Teacher Spec Sheets: Background information, materials for the whole class, etc. (varies) 
Student Spec Sheets: Master pages to be printed or copied for student use (varies) 

Printing the Mission 
The PDF file for each Mission is formatted professionally to be printed double-sided. There 
are blank pages inserted that will cause the printed pages to orient correctly. 

Mission Cumulative assessment 

Mars Base Eagle Missions include an assessment that was designed, piloted, and refined to 
assess key understandings related to the learning targets. 
The test is included in the pages that follow this description and is followed by an answer 
key. 
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1. Ask the class to quick-write a response to the following prompt: "How can eating 
something familiar or eating a favorite food affect you? Have students share 
responses while the teacher makes a list on the board or on chart paper. 

2. Prompt students to discuss with a partner: "If you had limited resources to make 
your favorite food, how could you modify your ingredients list?" Ask pairs to share 
with others around the room, using a Think Pair Share protocol. Call on a few groups 
to share their thinking aloud. 

3. Break students into groups of 3-4. Using chart paper and markers direct students to 
make an initial list of ingredients that they each like in tacos. This list may be a long 
list of ingredients that the students do not necessarily agree upon at the current time. 

4. Ask students to recall their responses from the previous prompt: "If you had limited 
resources [to make a taco] how could you modify your list?" Once students have 
recalled the various responses, direct them to come to consensus about the 
"essential/cannot live without" ingredients for their taco, using Student Spec Sheet: 
Consensus Protocol. Ask students to prioritize these ingredients by placing a star 
next to the ingredients that they can agree are the most necessary for making their 
taco. 

5. Have students use the materials provided (markers, clip art, glue sticks...) to 
construct and label their group's taco. When students have finished, have them post 
their taco models around the room. 

6. Give each student two sticky notes. Conduct a "Gallery Walk" and have each 
student list their Notices on one sticky and their Wonders on the other as they 
observe all of the taco models. When students have finished this process, invite 
them to place their sticky notes on a central Notice/Wonder T-Chart in the room. 
(The teacher may use this information as a formative assessment to gauge students' 
understanding of the concept of prioritizing.) 

7. Conclude the lesson by introducing students to a "Mars Mission" which they will 
investigate.  This can be shown to students on a slide, "announced" via teacher-
made video, or handed out like an actual "Mission", depending on student 
interests/needs, time and teacher preference. 

The Situation: Your class is being sent to colonize and study Mars. You are the 
Supply Procurement Specialist for Intergalactic Tacos LLC. It is your job to 
purchase the supplies for Mars Base Eagle's chef to make meals on Mars. The 
chef wants to have "Taco Tuesday" every Tuesday during the month of May to 
bring a little taste of home to you, your classmates and your teacher.  

Your Mission: Make it happen on Mars! You must procure and supply 
ingredients for "Taco Tuesday" to take place every week for the month of May. 
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In the previous mission, Students explored what the essential ingredients would be for a 
"Mars Taco." In Mission 2, students must figure out how to successfully supply the 
necessary ingredients for Taco Tuesday every week for the Month of May.  To do this 
students will need to: 

• Determine the various ways of getting your ingredients to the chef at Mars Base 
Eagle. How might you accomplish this? (Shipping vs. Growing) 

• Consider first, growing the ingredients on Mars: What does it take to successfully 
grow plants on Earth? How might this differ on Mars? (soil composition, hydration 
sources, temperature, light, air, radiation) 

Exploring Options 

1. Ask individual students to summarize what the class accomplished in Mission 1. 
Review the Mission explained at the end of Mission 1. Then, have teams review 
their "Mars Taco" supply list. 

2. Direct teams to now consider all the ways they might supply these ingredients to a 
Mars Based Colony. Have teams share their ideas in an interactive discussion, 
while the teacher collects responses on the board or chart paper. 

3. Ask students to look at the class list of responses for similarities in team-thinking.  
Prompt: Are there any methods in-common for supplying ingredients? Highlight, 
underline, or circle any commonalities that students identify. Where possible, begin 
to emphasize shipping or growing ingredients as viable options. 

4. Guide students to deduce the (two) most practical methods for supplying 
ingredients for tacos on Mars (shipping of certain ingredients and growing of certain 
ingredients). Explain that these two primary methods will be the focus for further 
exploration in this Mission. 

5. Explain that the first method the class will consider is the option of growing plant-
based ingredients, and point out in groups' essential taco ingredients any mention 
of lettuce, tomatoes, and the corn in tortillas. Use a prompt such as: 

• To explore what it would take to grow plants on Mars, we need to first 
understand what it takes to grow plants on Earth. What do you already 
know about what plants need in order to grow, here on Earth? (List 
student responses). 
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6. Explain that a good way to learn what plants need to grow is to test what students 
think they know about growing plants in a controlled growing experiment. For this 
Mission, students will design experiments, using the model organism, Wisconsin 
Fast Plants®. 

• Teacher Spec Sheet: Investigating What Plants Need on Earth provides 
guidance and links to resources for supporting students to design 
investigations with Fast Plants. 

• Wisconsin Fast Plants Bottle Growing Systems handout is also provided in 
Mission 2 resource materials. These simple growing systems are 
constructed from recycled bottles. Also, this handout includes the standard 
planting instructions for Fast Plants. 

7. Group students in teams of 4, and tuide student groups through the process of 
identifying and refining a question about what plants need on Earth. Then, guide 
students to design an experiment with Fast Plants to gather evidence useful in 
answering their question. 

• The included KWL chart can be used individually, in student experiment 
groups, or as a class chart to guide planning for a relevant investigation. 

8. Conclude by having students plant their Fast Plants so that they may begin 
observing their plants as soon as possible. While their plants grow, students will 
simultaneously explore the options for growing plants on Mars and shipping 
ingredients to Mars. 

• For the next 10-12 days, as students' Fast Plants grow, plan for students 
to make and record observations during the first 8-15 minutes of class. 

• Alternate days when students have more or less time for observations as 
needed for the other lessons. 
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In Mission 3, students continue to explore options for getting the necessary ingredients 
for tacos to Mars. At this point in the Mission, students have determined the non-
negotiables for their Mars-tacos. Students have also begun to consider their options 
for getting these ingredients. Students are now ready to start gathering data and 
information about Mars and about space travel in order to create a plan for what they 
might ship vs. what they believe they could successfully grow if they were in an 
established Mars habitat.  

At this point in the Mission, the teacher should give students access to various points 
of information (see appendix).  This information can be explored and shared in a 
number of ways and the teacher will want to determine the best way for students to 
immerse themselves in this part of the study.  This is the longest lesson in the unit and 
can either be expanded or scaled-back depending upon student needs and time-
restrictions.  Because this is an inquiry unit, it is important to let students explore the 
information presented in order to both understand and question the information before 
them. If possible, the teacher should vary the approaches and provide a wide variety 
of reputable informational sources. 

The three articles referenced in this lesson are essential to the Mission; they contain 
critical information, so must be followed closely.  However, the intention of this lesson 
is two-fold: 1.) To give students the time to explore and understand the possibilities for 
growing on and shipping to Mars beyond these articles, and 2.) To allow time for 
students Fast Plants to grow and to be observed.  Students will read and discuss 
deeply and should be allowed to explore and share findings from a variety of sources. 
Because our explorations and knowledge of Mars are changing rapidly, we 
recommend that you research and provide opportunities for students to learn from 
additional, fresh articles. Stations or a Jigsaw activity may be useful methods of 
exploring additional materials. 

1. Use a review strategy to revisit students' KWL charts and accomplishments from 
Mission 2. Provide additional KWL charts as needed--these are used in Mission 3, 
also. 
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2. Hand out or assign online, the informational text #1: Student Spec Sheet: Hazards 
of Space Travel (Available online: https://www.nasa.gov/hrp/5-hazards-of-human-
spaceflight) 

3. Guide students to interact with the text three times, completing the following 
activities: 

• First Read: Get the Gist – Teacher reads aloud. After each paragraph or 
short section, students briefly summarize what the section is mostly about. 

• Second Read: Mark It Up – Students read independently. As students 
read a second time, they highlight, underline, or take notes about (if working 
with digital text) any information that may be evidence of factors or 
considerations relevant to growing food on Mars or shipping food supplies to 
Mars. 

• Third Read: GAP and KWL -- Students read with small Group, Alone or 
with a Partner. As students read the text aloud a third time, they add to their 
KWL Chart (from the previous lesson). 

4. Repeat reading activities (from step #5) with Informational Text #2:"Here's how 
much money it actually costs to launch stuff into space"--
http://www.businessinsider.com/spacex-rocket-cargo-price-by-weight-2016-6 and 
Informational Text #3: "NASA Plant Researchers Explore Question of Deep-
Space Food Crops" -- https://www.nasa.gov/feature/nasa-plant-researchers-
explore-question-of-deep-space-food-crops 

5. As a class, have students complete the A/D Quad Graphic Organizer, listing the 
advantages and disadvantages to both growing food sources directly on Mars and 
shipping food sources from Earth. Post the class' quad after completion. 

6. Conclude Mission 3 by assigning students to individually create a T-Chart, listing 
which ingredients they have found sufficient evidence about to conclude if it would 
be best to TRANSPORT or GROW it on Mars.  

Additionally, for each item listed, direct students to provide a brief, evidence-based 
justification for why it should either be shipped or grown on Mars (e.g. seasonings 
may be shipped as they would likely be light enough to transport with little cost 
associated.) This list will be used in Mission 4 during a team discussion, and can be 
collected and formatively assessed either before or after Mission 4. 
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1. Begin by assigning students to partner groups. Direct pairs to take two minutes to 
develop a brief summary of Missions 2 and 3. Then, call randomly for student pairs 
to briefly share their summaries. 

2. Transition to Mission 4 by watching and discussing the TED2015 video, “Your kids 
might live on Mars. Here's how they'll survive.” 
https://www.ted.com/talks/stephen_petranek_your_kids_might_live_on_mars_here_ 
s_how_they_ll_survive?utm_campaign=tedspread&utm_medium=referral&utm_sour 
ce=tedcomshare 

Use this video to confirm that human travel to and exploration of Mars is plausible 
and being actively pursued. The video also serves as an additional source of 
information about challenges that will need to be resolved for humans to survive and 
thrive on Mars. 

3. Provide each student with a copy of Student Spec Sheet: Evidence-based 
Explanation, and use a think-aloud strategy to model how to use evidence to support 
a claim. Relevant sample claims, evidence, and reasoning are given in Teacher 
Spec Sheet: Scientific Explanation Scaffold. 

Then, assign students to work individually to write claims, using evidence and 
inferences to support each claim. Students should draw on their recorded Fast 
Plants observations, Mission readings, other research, and class discussions for 
evidence. 

4. When students are done writing individual claims, collect their responses, and 
randomly draw several to read aloud anonymously. Facilitate a whole-class 
discussion about whether other students agree or disagree with the claim that was 
read, and prompt for students to thoroughly explain why or why not, citing evidence. 

5. Pair students to review each other's claims and revise or make additions to 
strengthen each claim. Then, assign students to again work individually to 
synthesize all of their claims into a final explanation. At this point, the Student Spec 
Sheets can be collected to receive individualized feedback and may be used as a 
graded assessment. 

6. Work as a whole class to develop a list of all the challenges that will need to be 
addressed to grow food on Mars. Write the class list on the board or chart paper, 
while holding an interactive discussion. 

7. Unpack this Mission's learning target; specifically focus on the words “plausible" and 
"growth chamber." 

I	can	use	what	I	know	about	what	plants	need	on	Earth	and	what	is	currently	
known	about	conditions on	Mars	to	propose a	plausible	design	for	a	growth	
chamber	to	grow	plants	on Mars. 
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Discuss how student-team solutions must be designed, using the evidence we 
currently have about Mars and growing plants. In addition the solution must address 
the challenges described in the class list. 

8. Explain, using Student Spec Sheet: Engineering Design Process, the design steps 
they are following to engineer a growth chamber solution. 

9. Guide students to record a list of each criterion their solution needs to meet; this list 
can be recorded in a science journal or on their copy of Student Spec Sheet: 
Engineering Design Process. The list of criteria should be a summary of the list 
made by the class in Teacher Prompt #6. 

10.Assign teams to work for a minimum of 40 minutes, designing their growth chamber 
solution, drawing a model of their solution, and preparing to present their solution to 
the class. 

Use professional judgment to set milestones that student-groups must complete, 
holding them accountable to producing their solution with explicit references to 
evidence and explanations. 

11.Begin the transition to the final Mission with an exit slip that asks: “How will we know 
if the design of your growth chamber solution is successful?” 
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Question:	 If	we	grow	the	ingredients	for	tacos	on	Mars,	what	will	we	have	to	be	able	to	
provide	from	Earth	and/or	get	from	Mars	for	the	plants	that	make	up	the	ingredients	to	
grow? 

Evidence 
(what I observed or found out 

through research) 

Claim 
(what I think) 

Reasoning 
(why I think what I think) 

Fast Plants	look like	other	
plants	we	have	seen	before 

What	other	plants	need 
to	grow	and	develop	is 
like what	Fast Plants	
need	to	grow	and	
develop 

We	are	using	Fast	Plants	as	a	
model	for	all	plants	because	it	
grows	quickly	and	easily	in our	
classroom and	in	space.	Fast	
Plants	share	many	similar	
characteristics	with other	
plants.	

Observations	of	Fast	Plants 
grown	from	seed	in	a	
completely	dark	closet,	in	the	
window,	and	with	LED	grow 
lights	showed	a	big	difference	
in	size	and	color	of	leaves.	
Those	grown	in	dark	had	tiny,	
pale	green	leaves. 

Plants	need	light	energy	
to	produce	healthy 
leaves,	and	that	light	
energy	can	come	from	
sunlight or	electric	
lights. 

The	lighter,	smaller	leaves	on	
the	plants	grown	in	the	dark 
look	sick	compared	to	the	
large,	dark	leaves	on	the	plants 
grown	in	the	light shows	that 
not	having	light	made	a	big	
difference	in	how plants	grow. 

Observations	of	Fast	Plants 
grown	from	seed	with	
different	amounts	of	fertilizer	
in	a	soil	that	has	about	as	little 
nutrients	as	the	regolith	on	
Mars. 

Plants	need	to	have 
nutrients to	grow	and 
develop into	healthy	
plants. 

The	lighter,	smaller	leaves	on	
the	plants	grown	without	
fertilizer	compared	to	the	
large,	dark	leaves	on	the	plants 
grown	with	fertilizer shows	
that	not	having	added	fertilizer 
made	a	big	difference	in	how	
plants	grow. 

Observations	of	Fast	Plants 
grown	from	seed	in	different	
temperatures	showed	a	big	
difference	in	germination	and	
growth	rates. 

Plants	need	to	grow	in	
controlled,	warm	
temperatures 

If	plants	don't	germinate	or	
grow	in	the	cold	temperatures	
of	Mars,	they're	of	no	use	for	
tacos. 

Observations	of	Fast	Plants 
grown	from	seed	at	different	
densities.... 

Plants	need	space... 
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Teacher	Spec	Sheet:	Scientific	Explanation	Scaffold	(continued) 

Evidence 
(what I observed or found out 

through research) 

Claim 
(what I think) 

Reasoning 
(why I think what I think) 

Research	about	the	dirt,	or 
regolith, on Mars:	we	learned	
that	there	is	no	organic	matter	
in	the	regolith. 

Nutrients	or	fertilizer	
will	have	to	be 
transported	to	Mars	to 
support growing	plants	
there. 

Nutrients	in	the	soil on	Earth	
comes	from	decomposing	
plants	and	animals,	and	there	
are	no	plants	or	animals	or 
decomposers	on	Mars	to	do	
this. 

Research	about	the	dirt,	or 
regolith, on Mars:	Regolith	
contains	super-oxides	that	go	
through	chemical	reactions	
when	liquid	water	is	added,	
producing	hydrogen	peroxide	
and	other	chemicals--not	like	
what	happens	when	we	water 
soil on	Earth. 
& 
Observations	that	Fast	Plants 
when	hydrogen	peroxide	is	in	
the	soil,	Fast	Plants	seeds	do 

Until	a	solution	is	
developed	for	changing	
the	chemicals	in	the	
regolith	on Mars,	we	will 
have	to	bring	soil	from	
Earth	to	grow	plants	in	
or	grow	them	without	
soil. 

I	know	from	experience	that	
hydrogen	peroxide	is	used	to	
clean	wounds	and	prevent	
infection,	and	the	bottle says	it 
can	be	fatal	if	swallowed,	too,	
so	it	must	kill	most	living	
things,	including	plants--which 
is	why	i	think	they	didn't	grow. 

not	germinate. 
& 
Hydrogen peroxide	label 
warns	not	to	swallow	it. 

Research	about	payload	costs	
and	the	anticipated	frequency	
of	deliveries	on	Mars	from	
Earth. 

Delivering taco	
ingredients	to	Mars	
wouldn't	happen	often	
enough	to	count	on	that 
for	Taco	Tuesdays.
Delivering soil to	grow 
in	on	Mars	would	be	too	
expensive. 

I	calculated	costs,	using	the	
NASA	info	sheet	and	our	Taco	
ingredients	list,	and	I	
compared	those	costs	to	what	
NASA	now	spends	on	food,	and	
it	was	way	more	expensive.	

Explanation	(An answer	to	the	question	that	was	driving	my	investigation,	built	from	all	my	
claims	put	together	logically	and	supported	with	evidence.) 
To	grow	plants	on	Mars	that	can	be	used	to	make	tacos,	we	will	need	to	have	a	space	where	
the	plants	get	light	from	the	sun	or	electrical	lights	and	provide	them	with	nutrients	that	
come	from	Earth. We	will	have	to	provide	a	controlled	environment	where	they	have	the	
right	temperature	and	amount	of	space	to	grow,	and	we	will	either	have	to	bring	seed	from	
Earth	or	grow	our	own	seed	on	Mars.		Our	use	of	space,	light	energy,	heat,	and	nutrients 
will	have	to	be	very	efficient	because	it	is	hard	to	get	these	things	to	Mars	from	Earth	or	
produce	them	on	Mars. 
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MISS ION 4 : EV IDENCE -BASED EXPLANAT ION

Question: If we grow the ingredients for tacos on Mars, what will we have to be able 
to provide from Earth and/or get from Mars for the plants that make up the 
ingredients to grow? 
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Use the engineering design process to design and evaluate your growth chamber solution. 

How well does it meet our criteria for a successful growth chamber solution for Mars 

explorers? 

 

 

Our design criteria for a successful growth chamber: 
 
 
 
 
 

Reflections 
What changes could you make to the design of your growth chamber to make it 

better and why? 

 
 
 
 
 

What do you think are the strongest features of your design? Explain. 
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1. Transition to Mission 5 by collecting students' exit slip responses from the end of 
Mission 4: “How will we know if the design of our growth chamber solutions are 
successful?” 

Randomly choose several exit slips to read aloud and discuss without judgment. 

2. Revisit how the process of designing a growth chamber solution that could be 
successfully used by Mars explorers is a good example of an engineering design 
challenge. 

Share the short video “Engineering Design Process: A Taco Party” on YouTube 
for an overview of engineering design processes: 
https://www.youtube.com/watch?v=MAhpfFt_mWM 

3. Have students retrieve their individual copies from the previous lesson of Student 
Spec Sheet: "Engineering Design Process" to use as a guide while reflecting on their 
group's design process. 

4. Use a think-pair-share strategy to lead the whole class in reviewing the criteria for a 
good solution design. Hold students accountable to cite evidence from what they have 
learned about the environment on Mars, the way humans will likely have to live on Mars, 
and what plants need to grow and develop on Earth. Unpack the learning target: 

• I can evaluate design proposals using the criteria developed by the class and 
engineering processes to determine its strengths and recommend improvements. 

5. In a whole class discussion, randomly call on students to give examples from 
experiences designing their energy solutions that align with design stages (shown on 
the Student Spec Sheet). 

6. Provide ~1 minute per team for presentations, followed by class discussion. Check 
for understanding as students discuss to be sure they are referring explicitly to the class 
criterion list, what is known about plants' needs, and the engineering design process. 

7.  Direct students to work individually and respond to the reflection questions on the 
Student Spec sheet: 

• What changes could you make to the design of your growth chamber to make it 
better and why? 

• What do you think are the strongest features of your design? Explain. 

8. Hold a whole-class, concluding discussion about what students learned through their 
Mars Missions experiences and what was most powerful and/or challenging in the 
learning. 
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Mars Base Eagle Mission Assessment 

Name: ___________________________ 

1. I enjoy science activities and classes. 
Mark only one oval. 

Yes 

No 

2. I enjoy research. 
Mark only one oval. 

Yes 

No 

3. By the time I'm an adult, many people from Earth will be traveling to Mars. 
Mark only one oval. 

Agree 

Disagree 

4. Have you ever heard of NASA? 
Mark only one oval. 

Yes 

No 

5. If yes, what do you know about NASA 
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6. NASA has sent robotic research equipment to Mars. 
Mark only one oval. 

True 

False 

7. NASA has sent a person to Mars. 
Mark only one oval. 

True 

False 

8. Would you want to travel to Mars some day? 
Mark only one oval. 

Yes 

No 

9. Why or Why not? 
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10. When you think about your future career, what do you think you would like to be? 
Check all that apply. 

Farmer 

Firefighter 

Forester 

Inventor/Entrepreneur 

Journalist 

Lawyer 

LIbrarian 

Marine Biologis 

Mechanic 

Medical/Health Care(Doctor, Nurse, Technician 

Musician Park 

Ranger Pilot 

Police Officer 

Politician 

Teacher 

Veterianarian 

Video Game Developer 

Writer 

Zoologist/Zookeeper 

Other: 

11. From the careers you checked, which are your top 3 choices? 

1. 

2. 

3. 
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Physical Science Mission Questions 

12. Which of the following would be a challenge on Mars when using solar panels to 
convert energy in light into electrical energy? 
Mark only one oval. 

Mars receives less intense light from the Sun than we receive on Earth. 

Dust carried in frequent dust storms on Mars will often shade the solar panels. 

High levels of radiation on the surface of Mars will make constructing solar panels 
there challenging. 

All of the above 

Wind Turbines 

13. The wind turbines shown in the photo do not run on batteries. They are operated by wind 
blowing against and turning the blades. Which sequence best identifies the energy 
transfers that take place: 
Mark only one oval. 

Chemical energy in wind--->Energy transformation by a generator---?electrical energy and heat 

Energy transported in sunlight--->Energy transformation--->Electrical energy and heat 

Kinetic energy in wind--->Energy transformation by a generator--->Electrical energy and heat 

Kinetic energy in wind--->Chemical energy transformation--->Energy in light 
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14. What is an advantage to relying on electrical energy generated using solar on Mars? 

15. What is a disadvantage to relying on electrical energy generated using solar on Mars? 

16. What is an advantage to relying on electrical energy generated using wind on Mars? 

17. What is a disadvantage to relying on electrical energy generated using wind on Mars? 
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Earth Science Mission Questions 

18. Why would humans on Mars need to use Oxygen tanks to help them breathe? 
Mark only one oval. 

At high elevations on Mars the ozone layer draws oxygen out of the atmosphere. 

The atmosphere is less dense on Mars so there is less oxygen available. 

Oxygen is heavier than the other gases in the atmosphere and sinks to lower elevations. 

The atmosphere on Mars is made up primarily of carbon dioxide, with only traces of oxygen. 

Mars Craters 

19. The surface of Mars is covered with craters, as shown. How are most of these craters 
formed? Mark only one oval. 

By eruptions of active volcanoes. 

By impacts of many meteoroids. 

By shifting rock on Mar's surface (Marsquakes). 

By tidal forces caused by Earth and the Sun. 

20. Which of these are reasons why scientists think a human colony on Mars most likely 
will live underground? Mark only one oval. 

The Sun will be too bright on Mars to live on the surface. 

Radiation levels will be too high on Mars to live on the surface. 

The surface of Mars will be too hot for humans to live there. 

The easiest way to build housing for humans on Mars will be to dig buildings underground. 

None of the above. 
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Life Sciences Mission Questions 

21. What parts of the food web are currently missing on Mars? 
Mark only one oval. 

Producers 

Consumers 

Decomposers 

All of the above 

None of the above 

22. What will a human colony on Mars need to get from plants that they grow on Mars? 
Mark only one oval. 

Oxygen 

Food 

Shelter 

Both A and B 

None of the above 

23. When humans bring seeds of plants to Mars, will the plants they grow have the same 
environmental requirements plants on Earth? (light, carbon dioxide, water, minerals) 
Mark only one oval. 

Yes 

No 

24. Why or Why not? 
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Mars Base Eagle Mission Disciplinary Content 
Assessment Keys 

Physical Science Mission Questions 

12. Which of the following would be a challenge on Mars when using solar panels to 
convert energy in light into electrical energy? 
Mark only one oval. 

Mars receives less intense light from the Sun than we receive on Earth. 

Dust carried in frequent dust storms on Mars will often shade the solar panels. 

High levels of radiation on the surface of Mars will make constructing solar panels 
there challenging. 

All of the above 

Wind Turbines 

13. The wind turbines shown in the photo do not run on batteries. They are operated by wind 
blowing against and turning the blades. Which sequence best identifies the energy 
transfers that take place: 
Mark only one oval. 

Chemical energy in wind--->Energy transformation by a generator---?electrical energy and heat 

Energy transported in sunlight--->Energy transformation--->Electrical energy and heat 

Kinetic energy in wind--->Energy transformation by a generator--
->Electrical energy and heat 
Kinetic energy in wind--->Chemical energy transformation--->Energy in light 
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14. What is an advantage to relying on electrical energy generated using solar on Mars? 

The	intensity of sunlight on	Mars is less, and	there are frequent dust storms, and	
dust could	shade solar	panels. Given	our	current technologies, it would	be too	
expensive	and probably not possible	to transport the	number and size	of solar 
panels and	batteries necessary	to	support human	explorers on	Mars. 

15. What is a disadvantage to relying on electrical energy generated using solar on Mars? 

If	we	could	develop	a	way	to	capture	and	use	the	energy	in	wind	on	Mars,	it 
would be a form of energy that is already available on Mars, so we wouldn't have	
to	transport	that	energy	source. 

16. What is an advantage to relying on electrical energy generated using wind on Mars? 

If	we	could	develop	a	way	to	capture	and	use	the	energy	in	wind	on	Mars,	it 
would be a form of energy that is already available on Mars, so we wouldn't have 

to	transport	that	energy	source. 

17. What is a disadvantage to relying on electrical energy generated using wind on Mars? 

Wind on Mars is too light to move the blades on any windmills or power wind 

turbines	that	we	currently	have available. Although	wind--including	large	wind 

storms--are common	on	Mars, the atmosphere is	extremely	thin, so	winds	there 

are very	light. 
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Earth Science Mission Questions 

18. Why would humans on Mars need to use Oxygen tanks to help them breathe? 
Mark only one oval. 

At high elevations on Mars the ozone layer draws oxygen out of the atmosphere. 

The atmosphere is less dense on Mars so there is less oxygen available. 

Oxygen is heavier than the other gases in the atmosphere and sinks to lower elevations. 

The atmosphere on Mars is made up primarily of carbon dioxide, 

with only traces of oxygen. 

Mars Craters 

19. The surface of Mars is covered with craters, as shown. How are most of these craters 
formed? Mark only one oval. 

By eruptions of active volcanoes. 

By impacts of many meteoroids. 
By shifting rock on Mar's surface (Marsquakes). 

By tidal forces caused by Earth and the Sun. 

20. Which of these are reasons why scientists think a human colony on Mars most likely 
will live underground? Mark only one oval. 

The Sun will be too bright on Mars to live on the surface. 

Radiation levels will be too high on Mars to live on the surface. 
The surface of Mars will be too hot for humans to live there. 

The easiest way to build housing for humans on Mars will be to dig buildings underground. 

None of the above. 
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Life Sciences Mission Questions 

21. What parts of the food web are currently missing on Mars? 
Mark only one oval. 

Producers 

Consumers 

Decomposers 

All of the above 
None of the above 

22. What will a human colony on Mars need to get from plants that they grow on Mars? 
Mark only one oval. 

Oxygen 

Food 

Shelter 

Both A and B 
None of the above 

23. When humans bring seeds of plants to Mars, will the plants they grow have the same 
environmental requirements plants on Earth? (light, carbon dioxide, water, minerals) 
Mark only one oval. 

Yes 
No 

24. Why or Why not? 

Plants have	needs that must be	met for them to survive	and grow,	wherever they	
may	live	(like	other living things). If any one	of those	environmental 
requirements is missing, the	plants will die. 
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