
Activity #1:  Marsbound!  Mission to the Red Planet 
 
Background:  
Marsbound! Mission to the Red Planet is a complete stand-alone activity available from 
the Arizona State University Mars Education Program (http://marsed.asu.edu).  The full 
unit can be completed in two to three days and consists of five activities that cover the 
engineering design process in depth.  In this activity, students are given a set of 
"equipment cards," which each represent a different system that might be used on a 
robotic mission to Mars.  Each system has a mass, power, and budget cost.  Students 
must ensure that their design has enough on-board power to drive all its systems, have 
a low enough mass that it can be launched with existing rocket boosters, and be 
inexpensive enough to fit within their pre-assigned budget. 
 
The curriculum guide for the full Marsbound! unit lists a number of variations on the 
basic activities.  The “Design Challenge” variation can be completed in a single class 
period, so that variation is featured here.  The full Marsbound! unit, including all the 
materials listed below, can be downloaded from the World Wide Web at 
http://marsbound.asu.edu. 
 
Objectives: 
Students will gain first-hand experience with the engineering design process by 
designing a robotic mission to Mars that satisfies all of the given goals and constraints. 
 
Grade Levels: 5-12  
 
Time Frame: 45-60 minutes  
 
Materials Needed (per team of 4 students):  

• Marsbound! Equipment Cards 
• Marsbound! Mission Design Worksheet 

 
Optional Materials:  

• Marsbound! Design Mat 
• Marsbound! Student Guide 
• Marsbound! Teacher Guide 
• Marsbound! Quick Reference Sheet 
• Calculator 
• Six-sided die 

       
National Science Education Standards 

• Content Standard E: Abilities of Technological Design 
 
Procedure:  
In this activity, your students will participate in the “Design Challenge” variation of the 
full Marsbound! Mission to the Red Planet activity guide.  Please feel free to have your 
students do all five activities in the full Marsbound! curriculum, however! 
 

http://marsed.asu.edu/
http://marsbound.asu.edu/


Distribute a deck of Marsbound! equipment cards to each team of students (four 
students per team is the recommended number).  If you have them available, also give 
the Design Mat to each team as well.  Each team will design their own mission to Mars 
in a way that satisfies the following constraints: 
 

• The mission must be a lander or rover mission; i.e., it must be able to travel to 
the surface of Mars. 

• The spacecraft should be able to provide power for all the systems on board. 
• The spacecraft should be able to be launched by one of the six red “booster 

cards” provided in the card deck. 
• The entire mission cannot cost more than $250 million dollars. 
• The mission should provide the maximum “Science Return” possible; i.e., it 

should have the maximum number of cards that include the text “Science Return 
+1” and “Science Return +2,” while still meeting the above constraints. 

 
Students should be given total freedom in how they approach their design.  Some 
students will begin by putting every system imaginable into their spacecraft – and will 
quickly realize that it is too heavy to launch!  Other students will start with just the bare 
minimum systems needed to get to Mars, without being able to do anything once they 
get there.  Either approach is completely valid.  Because the design process is iterative, 
it doesn’t matter where they enter it!  All students will eventually arrive at a final design. 
 
Before your students begin their work in earnest, call their attention to the six “green 
cards” in their decks.  One of these cards will be drawn at random when their mission 
“launches.”  Three of the cards are “spin-offs” (commercial applications of space 
technology), which effectively give the team more money to spend.  The other three 
cards represent problems that can occur when designing a mission.  Your students will 
have to decide how much they are willing to spend on backup systems and other “risk 
assessment” issues!  When the students have completed their designs, have them draw 
one of the green cards at random to “launch” their mission. 
 
Have your students finish up their designs approximately 10 minutes before the class 
session ends (you will need to give them a 15- and 5-minute warning, as they will want 
to tweak their design right until the very end!).  Have each team report the amount of 
money they spent and the science return they achieved.  The team with the greatest 
science return is the “winner”!  In the event of a tie, the team that spent the least amount 
of money will be declared the winner of the challenge.   
 
Assessment: 
Students will submit a “design worksheet” that lists all the components of their design.  
This design worksheet should demonstrate that the mission meets all of the above 
goals and constraints. 
 
Vocabulary (from the Marsbound! equipment cards): 

• Booster 
• Solar Power Cell 



• Resolution 
• Reliability 

 
Age-Level Adaptations/Extensions: 

• Younger students will need more time with the calculators to add up the power, 
mass, and cost totals for the various iterations of their design.  Consider laying 
out the basic components that every mission design needs (the items listed as 
“Required” on the card text and on the Design Mat) ahead of time so that the 
students can get a head start into the process. 

• Older students can consider additional constraints.  For example, different power 
supplies can operate in different regions of Mars and for different lengths of time.  
Consider expanding the “victory conditions” to include these other constraints 
(requiring the students to perform research into the different areas on Mars that 
may be of interest to their mission).  Older students should be encouraged to 
spend more time with risk assessment as well, perhaps even requiring backup 
systems for critical components in the base design. The six blank cards can also 
be customized to provide even more challenges for your older students! 

 
“High-Tech” Adaptations/Extensions: 

• A spreadsheet is an excellent way to keep up with design changes and quickly 
recalculate totals for power, mass, and cost.  This adaptation is also a great 
opportunity to improve your students’ computer applications skills! 

 
 
Credits: Keith Watt, M.A., M.S. 
 ASU Mars Education Program  
 Mars Space Flight Facility 
 Arizona State University 
 marsed@asu.edu
 (480) 965-1788  
 

mailto:marsed@asu.edu


Name: _______________________ 
 
 

Marsbound! Mission to the Red Planet 
Spacecraft Design Log 

 
Use this Design Log to calculate the total mass, power, and cost of all of the 

systems onboard your spacecraft! 
 

Spacecraft Component Mass Power Cost 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    

Totals    



Marsbound!  Mission to the Red Planet 
“Design Challenge” Quick Reference 
 
Here are some things to keep in mind: 
 

• The "equipment cards" represent different systems that 
might be used on a robotic mission to Mars.   

• Blue cards are science instruments, purple cards are 
electronic components, yellow cards are mechanical 
components, orange cards are power systems, and red 
cards are rocket boosters.  

• One green card will be drawn at random during “launch”; 
they are not used in the design itself. 

• Each system has a mass, power, and budget cost.   
• The mission must be a lander or rover mission, i.e., it must 

be able to travel to the surface of Mars. 
• The spacecraft should be able to provide power for all the 

systems that it has on board. 
• The spacecraft should be able to be launched by one of the 

six red “booster cards” provided in the card deck. 
• The entire mission cannot cost more than $250 million 

dollars. 
• The mission should provide the maximum “Science Return” 

possible, i.e., it should have the maximum number of cards 
that include the text “Science Return +1” and “Science 
Return +2”, while still meeting the above constraints. 

• You will have to decide how much you are willing to spend 
on backup systems and other “risk management” issues! 

 
 



Activity #2:  Robotic Anatomy 101: Sensors, Actuators, and Processors 
 
Background:  
This activity introduces two of the three major components that go into every robot: 
sensors for determining its environment and actuators for affecting its environment.  
Students will be presented with real-world robots and asked to identify what parts are 
sensors and what parts are actuators.  This activity also serves to expose students to 
how robots are being used in our daily lives -- they may be surprised to learn just how 
common robots really are!   
 
Sensors are what the robot uses to gather data about the world around it.  Cameras and 
touch sensors and very common, but some robots use temperature, humidity, or even 
pH sensors.  The smoke detector installed in your home uses a carbon monoxide 
sensor to determine if there is a fire in the house.  Some sensors are a bit more 
mundane, but no less important.  The switch which controls your refrigerator light, 
mounted in the door, is a sensor which detects the state of the door (open or closed).  A 
sensor, by itself, does nothing but provide data.  It is up to other parts of the robot to 
actually do something with that data. 
 
Actuators are what the robot uses to affect the world around it.  An actuator may be a 
motor that moves a robotic arm, wheels that move the robot across a surface, or 
something as simple as a light that the robot can turn on for either illumination or to 
signal its controller.  In a smoke detector, the alarm is an actuator.  In your refrigerator, 
the interior light is an actuator.  Anything that allows the robot to make a change in its 
environment falls into this category.  In some sense, actuators provide the output that 
results from the input provided by the sensors. 
 
Most robots have a third component: a processor that is able to take input from the 
sensors, make decisions based upon that input, and control its actuators to respond to 
those decisions.  Some robots have processors that are not this complex -- they can 
only perform a pre-determined set of instructions (or a single instruction) over and over. 
For example, both the smoke alarm and the refrigerator have a single instruction they 
can follow.  When the smoke alarm’s sensors tell the processor that they detect smoke, 
it sounds the alarm.  When the refrigerator’s switch tells the processor (a simple circuit, 
in this case) that the door is open, it turns on the light.  Some robots, such as NASA’s 
Mars exploration spacecraft, have very sophisticated processors that are able to take in 
data from a wide variety of sensors and make intelligent decisions based on that data.  
Students will gain more experience with robot processors in the Robotics Poster Activity 
#8, “Rover Races”. 
 
Objectives: 
Students will learn to identify the critical components that go into constructing a robot.  
 
Grade Levels: 5-12  
 
Time Frame: 15-20 minutes 
 



 
Materials Needed:  

• Mars Exploration Rover diagram 
• Robot pictures 
• Student Activity Sheet and Picture (one per team of 4 students) 

 
Optional Materials:  

• None 
       
National Science Education Standards 

• Content Standard E: Understandings about Science and Technology 
 
Procedure:  
This activity is very straightforward.  Begin the discussion by describing sensors and 
actuators and the difference between them (sensors take in information from the 
environment, actuators act upon the environment).  Show the students the diagram of 
NASA’s Mars Exploration Rover and have them decide whether each of the listed parts 
is a sensor or an actuator.   
 
When your students have the basic idea of “sensors = input, actuators = output,” display 
photos of various machines and robots (several are included with this activity) and ask 
the students to identify the sensors and actuators in each device.  Finally, ask your 
students to look around the room and identify devices that have sensors and actuators 
and discuss the role each part plays in the device.  As a check of the students’ 
understanding, give them the photo of the refrigerator and have them identify all the 
sensors and actuators they can! 
 
Assessment: 
When presented with a picture of a robot, or with the device itself, students should be 
able to identify the sensors and actuators in the device and what role those parts play. 
 
Vocabulary: 

• Sensor 
• Actuator 
• Processor 

 
Age-Level Adaptations/Extensions: 

• Younger students, being concrete operations thinkers, may need to see the 
physical devices rather than pictures in order to gain a complete understanding 
of the concepts.  (You should be aware that most smoke detectors have a small 
radioactive chip installed in them. While this chip is harmless, some parents may 
object to having the physical smoke detector available for close inspection.  We 
leave that decision to you!) 

• Older students should be able to discuss devices outside of the classroom that 
have sensors and actuators.  Encourage them to think of examples from their 
own experience. 



 
“High-Tech” Adaptations/Extensions: 

• Use a commercial computerized robotics kit to construct an actual robot.  
Discuss with your students what each sensor and actuator does.  Have your 
students characterize the components by describing what types of input each 
sensor can take as well as how sensitive it is.  Have the students describe the 
power output of the different motors as well as how fine a control can be 
achieved with them. 

 
Credits: Keith Watt, M.A., M.S. 
 ASU Mars Education Program  
 Mars Space Flight Facility 
 Arizona State University 
 marsed@asu.edu
 (480) 965-1788  
 

mailto:marsed@asu.edu


Answer Key for Robot Pictures 
 
Page 1: 
Smoke Alarm 

Sensors: Carbon monoxide level detector, battery voltage detector 
Actuators: Alarm 

 
Night light 

Sensors: Light level detector 
Actuators: Light 

 
Page2: 
Stove 

Sensors: Temperature sensor 
Actuators: Heating elements 

 
Garage door opener 

Sensors: Radio command receiver 
Actuators: Door opening motor, garage light bulb 

 
Page 3: 
Thermostat 

Sensors: Temperature sensor 
Actuators: Heating/air conditioning controller 

 
Toaster 

Sensors: Temperature sensor 
Actuators: Heating elements, spring lifter 

 
Pages 4 and 5 (Student Photo and Questions): 
Refrigerator 

Sensors: Door open switch, temperature sensor, ice level sensor (in ice maker), 
frost level sensor 
Actuator: Condenser motor, ice maker motor, interior light 

 



Name: ______________________ 
 
 

Activity #2: Robotic Anatomy 101: Sensors, Actuators, and Processors 
Parts of a Robot 

 
Take a close look at the picture of the refrigerator (or think of your refrigerator at 
home).  In the space below, list the sensors and actuators you can identify in this 
robot? 
 
Sensors: 
 
                                                                                                                                             
 
                                                                                                                                             
 
                                                                                                                                             
 
                                                                                                                                             
 
                                                                                                                                             
 
                                                                                                                                             
 
                                                                                                                                             
 
                                                                                                                                             
 
 
Actuators: 
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