














 
                 

                 
               

 

 
 

         
            

 
 

 
 

       
  

 
             

          
             

    
       

   
 

             
    

 
   
   
  
   

 

       
                

   
           
            

                
              

           

               
     

  

	 

	 

	 

	 

	 

	 

	 

 
	 

	 

	 

http://tes.asu.edu/TESNEWS/6_VOL/2NO/brian.html 

C.	 To make a connection the Mars Science Laboratory mission, view an animation 
and read about how the rover, Curiosity, will make use of advances in autonomous 
navigation: 
http://mars.jpl.nasa.gov/msl/mission/technology/insituexploration/planetarymobility/ 

STEP 2: EXPLORE (~20 minutes) 
Rover Course 

A.	 Explain to students that rover drivers do not actually use a joystick to direct the 
rovers. It takes between 8-20 minutes for our data signal to reach Mars. So 
instead, the mission team creates a series of commands to direct the rover and 
sends them to the rover. This activity will demonstrate some of the complications 
humans (engineers) must overcome to allow for accurate communication to rovers 
on another planet. 

B.	 Choose, ask for volunteers, or draw names of students to form rover teams. Six students 
are needed for each team: 

•	 1 Rover Driver 
•	 3 Rover Students 
•	 1 Timer 
•	 1 Official 

 Teacher Tips: 
•	 Use Rover Races job cards to recruit your first set of Rover Races participants. 

After making assignments, collect the cards and pass them out to the next 
Rover Races participants. These students can watch the first rendition of 
Rover Races knowing what their role will be in the next rendition. 

•	 Pair students of different heights as the Rover Driver and the Rover Student. Due to 
their vastly different stride lengths, this selection will help to add to the complexity of 
the calibration that will emerge as a challenge during the first simulation. 

•	 You can adjust the difficulty of the course by adding or minimizing the number
of turns for the rover to make. 
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C.	 The Rover Driver will walk through the course first, counting the number of steps and 
listing the turns needed to guide the rover through the course (e.g.; 3 steps forward. 
Stop. 1 step left. Stop. etc.). The driver will use the (A) Rover Driver Command and 
Information Sheet to build the list of commands. 

 Teacher Tip: Have the Rover Drivers start to walk through the course and 
build the command list while the class is performing the initial brainstorming. This 
action will save time in starting the simulation with the entire class. 

D.	 Once the Rover Drivers have recorded their uplink sequences on their (A) Rover Driver 
Command and Information Sheets, the rover races can begin. The rover teams are lined 
up at the starting line. Blindfold the three Rover Students to prevent the rovers from 
aiding the Rover Driver during the command execution. The 3 Rover Students represent 
the six wheels of the rover and are sequentially in a line (front to back). The blindfolded 
Rover Students have their hands placed on the studentʼs shoulders in front of them for 
stability. 

 Teacher Tip: This simulation is fun and the students can get quite engaged. To 
add to the simulation, have at least two teams going simultaneously (more is fine, just 
expand the course). 

E.	 Once the Rover Drivers have recorded their uplink sequences on their (A) Rover Driver 
Command and Information Sheets, the Rover Students will proceed along the course by 
following the Rover Driversʼ verbal commands. The commands cannot be changed from 
the original commands that the Rover Driver wrote down. They must be followed 
exactly. During robotic missions, usually the commands are sent up all at once. Any 
changes have to be made in another uplink of commands later. 

 Teacher Tip: To prevent any road rage, give the Rover Drivers ground rules for 
driving their rover: 

1. No yelling at the rover! 
2. No touching the rover! 

F.	 The Timers will start their stopwatch as soon as the teacher says “start” and will time 
until their rover team crosses the finish line. Their time will be recorded on the (B) 
Officialʼs Record. 
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G.	 The Official will use their (B) Officialʼs Record to record any time either foot of the first 
Rover Student touches a Tile on the course (foot faults). The Official will keep a tally of 
the number of foot faults that their rover team makes. 

 Teacher Tip: Remind the students that accuracy, not speed is most important in 
operating a planetary rover. No one will be on Mars to help the rover if it gets struck. 

H.	 The cones on the course are rock samples that can be collected if the Rover Driver has 
included it on their (A) Command and Information Sheet. The command would be “Rock 
Retrieval Right” or “Rock Retrieval Left” At that command, the third Rover Student bends 
down, and, still blindfolded, sweeps with his or her hand to feel the cone. The student 
picks the cone up and hands the cone to the second (middle) Rover Student to carry. 
The second Rover Student then has only one hand on the shoulder of the first Rover 
Student. The retrieved rock samples give the team extra points upon completing the 
course. 

STEP 3: EXPLAIN (~10 minutes) 
Identify constraints. 

A.	 Allow time for all the teams to complete the course.  Each Rover Team will get together 
to debrief how the driving went and complete the (C) Rover Team Evaluation Sheet. 
This information will include the challenges they faced or observed and their ideas about 
what might have caused those challenges. They will make a list of the challenges along
with the suggested changes for the next drive. 

 Teacher Tips: 

•	 After the first race, take time to debrief with the students. Have them describe some 
of the challenges and successes they found during their first race. What would they 
do differently? 

•	 The students might observe that the size of the Rover Driverʼs steps and those of 
the Rover Studentʼs steps are different sizes. The usual conclusion is that some 
type of control or calibration needs to be done to make the size of the steps uniform. 
This could be in the command change of “take baby steps” or take “giant steps”. 
Turns might be more accurate by saying, “turn 45 degrees” or “turn 90 degrees” 
right or left. Driving a rover with 3 axles is also different than walking the course as 
a single person. 
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STEP 4: ELABORATE (~30 minutes) 
Revise race based on calibration. 

A.	 When teams are finished, have students tally the counts on the (B) Officialʼs
 
Record Sheet. The team that has successfully completed the course, with the
 
least foot faults, most rock samples returned and best time is declared to have
 
“mission success.”
 

B.	 Repeat the activity as time permits with the second group of students, allowing for
the changes the students brainstormed to be included. This iteration will also allow 
for more students to participate directly. Students will complete a second version 
of their (C) Rover Team Evaluation Sheet. 

C.	 At the conclusion of the activity, read the following to explain and tie up all of the 

Engineering concepts introduced and experienced in this activity:
 

What you have just experienced is a lesson on engineering and how we communicate 
with a rover on another planet. Engineering allows us to solve human problems using 
science and technology. In this case, you found quite a few problems on your first 
round. Give me a couple of examples. 

Examples students might note: 
•	 Our steps were not the same, so we had to adjust. 
•	 Moving three people is harder than moving one. 

These are examples of calibration. Calibration means that you need to make
adjustments to create a standard. For example, you adjusted the length of your step to 
a standard length for everyone in your group. 

So, the engineering design cycle includes identifying a problem, specifying constraints 
(limitations) and criteria for the desired solution, developing a design plan, producing and 
testing models (physical and/or computer generated), selecting the best option among 
alternative design features, and redefining the design ideas based on the performance of 
a prototype or simulation. 

Here are two videos of real engineers working with a physical rover model and one with 
a computerized rover model to solve real problems that the rovers encounter on Mars. 

Free Spirit - Plotting an Escape:

http://www.jpl.nasa.gov/video/index.cfm?id=877
 

Curiosity Rover Rocks Rocker Bogie:
http://mars.jpl.nasa.gov/msl/multimedia/videos/movies/msl20100916/msl20100916-
640.mov 

On behalf of NASAʼs Mars Exploration Program, this lesson was prepared by Arizona State Universityʼs Mars Education 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION ••STEP 5: EVALUATE (-60 minutes) 
Evaluate proposed solutions. 

A. 	Students will complete the (D) Iterative Process of Engineering Practices Sheet, filling in 
examples they experienced during Rover Races and possibly even drawing arrows when 
the cycle was interrupted and needed a revision . This cycle reflects the language in the 
NRC Framework and (E) Final Evaluation Sheet. The students have been provided kid­
friendly terminology in their version of the (D) Iterative Process of Engineering Practices 
Sheet. An adult version and teacher sample of possible student results can be found in 
(G) Iterative Process of Engineering Practices. These (D)I(G) Iterative Process sheets 
can be utilized in the future as a formative assessment for all engineering lessons used 
in class. 

B. 	 It is important to define the difference between test models and prototypes for students. 
They can sound very similar; however, there is a distinct difference. A test model would 
be testing a small component of the system. For example, calibrating the length 
between steps would be a test model. A prototype includes the entire system of test 
models put together to see if they coordinate. If the students calibrated the step length 
and the number of commands, it is possible that, when those two test models are put 
together, the number of commands is too many for the Rover Students to keep track of. 

C. 	 Have the class discuss the results of the simulation. Were there advantages to taking 
the course slower and being more accurate (more carefu l moves, less foot faults) or 
perhaps taking advantage of the speed and getting as much done in a shorter period of 
time? Real planetary rovers have to coordinate utilizing available power and getting as 
much done as possible, but have to ensure that the risk to the rover is not too great. 

6.0 	Extensions 

Rover Races Variations and Discussion Points: 

1. 	 To simulate remote sensing and a time delay, a video camera and monitor can be set up 
so that the Rover Driver is in another room and has to command the Rover Students via 
a runner going back and forth. Touch tablet or Smartphone technology could be used in 
coordination with CU-SeeMe applications instead of a video camera and monitor. 

2. 	 Have the students design their own rovers. Have them annotate what type of 
instrumentation they think would be necessary to learn about Mars. What would the 
scientific data their rover would collect reveal about Mars and why do they think this 
would be important? 

On behalfofNASA's Mars Exploration Program, this Jesson was prepared byArizona State University's Mars Education 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION ••7.0 Evaluation/Assessment 

Use the (F) Final Evaluation Sheetto confirm student understanding of the iterative design 
process and the use of criteria based on constraints in a mission. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION ••..-R..ov...e..,R.....,.RA...c..,e..,s.._________________________.§@@iMt·ll 
(A) Student Worksheet. Rover Driver Command and Information Sheet 

1. 	 Walk through the simulated Mars' surface obstacle course. Write down the 
commands the rover should follow. Count your steps and be sure to list where 
the rover needs to make a turn on the course. 

2. 	 When the rover is in the correct position to retrieve a rock, you may ask the last 
person in the rover to pick up the rock for bonus points. Use the command "Rock 
Sample Retrieval Left" or "Rock Sample Retrieval Right." 

3. 	 The rover will only be able to follow your set of written commands. The 
commands to the rover cannot be any different from what you have written. 

Boyer Commands: 


Right (R) Left (L) 


Backward (B) Forward (F) 


Stop (S) Rock Sample Retrieval (RSR) 


Commands: (Example: 1. Forward 3 steps. Stop. 2. Turn left 1 step. Stop.. ... ..) 


1. 	 11. 

2. 	 12. 

3. 	 13. 

4. 	 14. 

5. 	 15. 

6. 	 16. 

7. 	 17. 

8. 	 18. 

9. 	 19. 

10. 	 20. 

On behalfofNASA's Mars Exploration Program, this Jesson was prepared byArizona State University's Mars Education 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION ••..-R..ov .....,.RAc s ________________________...e..,R .....,e..,.._ 	 .§@@iMt·ll 
(B) Student Worksheet. Official's Record 

1. 	Make a counting (tally) mark (example: Ill. .. ) every time the first person in your rover team 
steps on a tile (simulated Mars surface). These are called foot faults. Keep track through the 
entire course. And count up the marks to make a total after your rover team crosses the 
finish line. 

NAME OF ROVER DRIVER: 

NAME OF ROVER TEAM OFFICIAL: 

NAME OF ROVER TEAM TIMER: 

TOTAL FOOT FAULTS (steps on tiles by first person in rover): 

TOTAL TIME FOR ROVER TEAM TO 

COMPLETE COURSE: 

TOTAL ROCK SAMPLES COLLECTED: 

On behalfofNASA's Mars Exploration Program, this Jesson was prepared byArizona State University's Mars Education 
Program, undercontract to NASA's Jet Propulsion Laboratory, a division of the Califomia Institute of Techno/ogy. These 
materials may be distributed freely for non-commercial purposes. Copyrlgh/2012; 2010; 2000. 

15 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ROVER RACES 

(C) Student Worksheet. Rover Team Evaluation - First Race 
As a class, complete the following after your Rover Team has completed the first race of Rover 

Races. 

1. 	 Brainstorm some of the challenges you experienced during your first Rover Race 
and the potential causes of these challenges. 

2. 	What are the suggested changes for the Rover Team's next drive? 

On behalfof NASA's Mars Exploration Program, this lesson was prepared byArizona State University's Mars Education 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ROVER RACES 

(D) Student Worksheet. Rover Team Evaluation -Second Race 

As a class, complete the following after the Rover Team has completed the second 
round of Rover Races. 

1. Which changes worked well and why? 

2. Which changes did not work well and why? 

3. If you could do a 3rd race, what changes would you use to make your Rover move 
where you want it to go? 

On behalfof NASA's Mars Exploration Program, this lesson was prepared byArizona State University's Mars Education 
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Related Rubrics for the Assessment of Learning Outcomes Associated with the Above 
Standard(s): 

Learning Outcome Expert Proficient Intermediate Beginner 

LO1a: to identify
limitations in an 
engineering design
(rover command
sequence) 

Analysis is highly
accurate and 
complete. 

Analysis is
accurate and 
complete. 

Analysis is
somewhat 
accurate and 
complete. 

Analysis is not 
accurate or 
complete. 

LO1b: to generate
solutions by setting new
requirements to
improve engineering
design (command 
sequence) 

Requirements are
highly detailed and
precise. 

Requirements
are detailed and 
precise. 

Requirements
are somewhat 
detailed and 
precise. 

Requirements are
not detailed or 
precise. 

LO1c: to test an Tests result in Tests result in Tests result in Tests do not 
engineering design significant

improvement in
design (goal
achievement in 
completing the
course). 

improvement in
design (goal
achievement in 
completing the
course). 

moderate 
improvement in
design (goal
achievement in 
completing the
course). 

result in 
improvement. 

LO1d: to evaluate an Evaluation is Evaluation is Evaluation is Evaluation is not 
engineering design highly clear and clear and mostly clear and clear and 
(acceptable rover complete, with complete, with complete, with complete, with 
commands to complete design changes design changes design changes design changes 
a course) well documented 

and thoughtful. 
documented and 
thoughtful. 

documented. 
. 

not well 
documented. 
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