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	Student Learning Objectives:
Students will be able to:
1. Demonstrate desirable work habits, attitudes, and time management skills; and the ability to work cooperatively to solve a problem.

2. Apply the safety rules and safe operation of various hand tools, machines, materials and equipment.

3. Explore career opportunities related to NASA and other research and government organizations.  

4. Solve real world problems using the systems model approach, higher level thinking skills, individual and collaborative ingenuity, and a variety of resources; including tools, materials, and other resources efficiently.

5. Access the historical perspective of technology and its impacts on future inventions and innovations.

6. Develop and evaluate a variety of alternate solutions to a given technological problem under specific design constraints.

7. Record and store all documentation, inputs, outcomes, sketches, and self- evaluations in a journal (either paper, digital log or web folio)

8. Integrate technological systems with other school disciplines; including social studies, science, math, and language arts.
9. Develop an understanding of social and political impacts of technology.
10. Develop skills in reading, writing, speaking, and listening communications to solve a given problem.

11. Demonstrate team work and leadership skills needed to prepare for the world of work.
	NJ Core Curriculum Content Standards
Content Area
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Grade
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CPI

Technological Literacy
8.2

12

B

1, 5,  6

Technological Literacy 
8.2

12

C

2

Technological Literacy 
8.1

12

A

1

Science

5.4

12

A

1

Science

5.4

12

C

1

Science

5.1

12

A

2, 3, 4 

Language Arts Literacy

3.1

12

D
1, 2, 3
Language Arts Literacy

3.2

12

A

3, 4, 5
Language Arts Literacy

3.2

12

C

1, 2, 3, 4, 5

Language Arts Literacy

3.2

12

D

1, 2, 5, 7

Language Arts Literacy

3.3

12

D
1, 3,  5
Language Arts Literacy

3.4

12

A
1, 2, 3
Social Studies

6.1

12`

A

1

Career Education and Consumer, Family, and Life Skills
9.1

12

A

1, 2

Career Education and Consumer, Family, and Life Skills
9.1

12

B

1, 2, 3, 5

Career Education and Consumer, Family, and Life Skills
9.2

12

F

4, 5

Career Education and Consumer, Family, and Life Skills
9.2

12

C

2




	Purpose and Overview: 

The purpose of this learning activity is to take students back through the ill-fated flight of Apollo 13; putting them in various roles of astronauts, engineers, NASA ground control personnel, and designers.  Students must apply the problem-solving design loop to solve a real world challenge faced by the crew of Apollo 13.  They must work under design constraints, including time and limited resources.  An important aspect of this activity is the communication skills developed in reading, writing, viewing, speaking, and listening.   
The race for space became an important part of the cultural and technological rivalry between the United States and USSR during the Cold War.  Space technology became a particularly important arena in this conflict because of its military applications and psychological benefit of raising morale.  As usual, whenever the Apollo team had to improvise, engineers and astronauts on the ground got busy devising ways around the problem and then checked out the new procedures. A day- and a-half after the Apollo 13 accident, the ground teams designed and built a filtering device that worked to their satisfaction. They promptly radioed instructions to the crew, carefully leading them through about an hour's worth of steps. As Lovell later wrote, "The contraption wasn't very handsome, but it worked. And that was all that mattered."



	Instructional Activity: 

Background Information:

Apollo 13 was launched on April 11, 1970 with Captain James Lovell, Jr., Jack Swigert, and Fred Haise bound for a third lunar landing.  All of the optimism surrounding the Apollo program’s 1969 successes vanished in a flash as an explosion occurred after 55 hours and 55 minutes into the mission. An electrical short circuit caused a fire and explosion that resulted in failure of the spacecraft’s number two oxygen tank and loss of some electrical power and two fuel cells.  At 61 hours and 30 minutes, the spacecraft had reached the moon and affected a mid-course maneuver that put it on a return to the earth trajectory using the moon’s gravitational pull.  Although the life support system of the command module (CM) Odyssey was damaged, there was just enough oxygen available in the lunar excursion module (LEM) Aquarius to use it as a lifeboat to get the crew safely back to earth.  However, the astronauts still faced many problems.  The carbon dioxide filters in the LEM were designed to filter the air for only two people, not three.  All three crew members breathing and exhaling created a deadly situation that the filters on the LEM could not handle.  
Design Brief:
Design and construct a carbon dioxide filtration system using the control module (CM) scrubber and any other materials.  These materials are available on the spacecraft to fit into the filter on the lunar excursion module (LEM) in order to save astronauts’ lives.
Preliminary Activities: (to be completed prior to distributing materials)
The teacher will divide students into teams of no less than 6 but no more than 8 members.

Carefully read and review the jobs that were available in the Flight Maneuver Operations Center (FMOC).  As a team, select the job that best suits each person’s abilities and talents for the jobs listed below.  Then fill in the names of the team members on the lines provided below.  Do not place more than one person in each job.
NASA jobs in the FMOC during Apollo 13:
· Flight Director – the spacecraft’s earthbound co-captain

· Retrofire Officer (RETRO) -  responsible for having and preparing a plan in case of trouble to get the astronauts home safely

· Guidance Officer (GUIDO) – chief navigations officer

· Spacecraft Communicator (CAPCOM) – only person who can talk directly to the astronauts
· Public Affairs Officer – spokesperson for NASA that also develops press releases

· Instrument and Communications Officer (INCO) – responsible for the radio and telemetry transmitters

· Flight Surgeon – responsible for monitoring the astronauts medical status and the amount of oxygen they have left
· Systems Operations Engineers – responsible for designing and documenting repairs in space

Please complete the following list and assign each person on the team to one job:

· Flight Director                                                         ___________________________

· Retrofire Officer (RETRO)                                       ___________________________ 

· Guidance Officer (GUIDO)                                      ___________________________

· Spacecraft Communicator (CAPCOM)                  ___________________________
· Systems Operations Engineers                             __________________________
· Public Affairs Officer                                               __________________________
· Instrument and Communications Officer (INCO)*  _________________________ 
· Flight Surgeon*                                                         __________________________
* If not enough team members, these jobs can be eliminated for this activity.

Design Constraints:
· You will work in teams of no less than six (6) and no more than eight (8) members.
· Your team may only use the materials and tools provided in the bin, since that is all the astronauts have available to them to reconstruct this filtration system in space.

· The filtration system you design and build must fit into the flight support system (FSS) of the LEM.  In other words, you must fit a square peg (filter on the command module) into a round hole on the LEM’s filter support system.  Also, be aware that the filter on the CM is larger than the round hole on the LEM.
· Select your job in the Flight Maneuver Operations Center prior to receiving your bins.

· You must have the filtration system completely built along with a complete set of written procedures for reconstructing it on the spacecraft in one hour or the astronauts will die.
· A complete set of written procedures and material list must be completed within the one-hour time frame by the RETRO on your team.  The materials list must be concise!  The procedures must be written in complete sentences without slang.  
· Three team members from another team will be selected at random to portray the Apollo 13 crew.  The team will follow the directions given by the CAPCOM to rebuild the device using the material list and procedures.

· If chosen to be on an Apollo 13 team, you will loose one (1) letter grade if you do not follow the procedures exactly as they are read to you.  If the device doesn’t look like the prototype, the Apollo 13 team will write an evaluation instructing the team where the directions went wrong.

· The astronauts must be able to reconstruct the filtration system within a timeframe of 15 minutes.

· The Flight Director will have the final say to settle any and all disagreements within the team.  The only team members who should have verbal contact with your teacher is the Flight Director and Public Affairs Officer.  Any other team member trying to converse with your teacher will have points deducted from the team score.

· Your work table and bin must be completely cleaned up after each session.  Points will be deducted if the teacher has to clean up after you.  Any materials not put back in your bin will be gone and not able to be used in the construction of your filtration system.

· The teacher will complete the evaluation page.  Each team member will complete a self and peer evaluation after the reconstruction of your filtration system by the Apollo 13 crew.
· The Apollo 13 crew will be sent to the cubby room or storage closet and the lights turned off to simulate the building of the filtration system.  The CAPCOM will communicate and give the crew directions via a walkie-talkie or cell phone.  CAPCOM can talk to both the crew and engineers from the team who designed the system.  The Apollo 13 team can only speak to CAPCOM.
Required Project Documentation: 

1. Assigned team jobs

2. Material list

3. Minimum of three thumbnail sketches and one annotated concept sketch.

4. Written, concise procedures for reconstructing the prototype of the filtration system

5. Self- and peer-evaluation forms

Directions: Draw a minimum of three thumbnail sketches and one labeled rough sketch in the space below.  The labeled sketch should list materials and how each item works in the system.




Materials List
Directions:  This list must be completed by the RETRO and Systems Operation Engineer during construction of the prototype.

Item #

Description of Item Used

Unit

Quantity
1

2

3

4

5

6

7

8

9

Written Procedures for Construction of Filtration System

Directions:  Use complete sentences to write the exact procedures for reconstructing the prototype on the spacecraft.  Number the procedures in order and remember that CAPCOM will be reading verbatim what is written below.  Please print as neatly as possible. You may continue on the back of this sheet if necessary.
SELF- & PEER-EVALUATION

NAME: ___________________________

USE FULL SENTENCES to answer the following. 

What activity/part did you like doing best during this technology challenge? Why?

________________________________________________________________

________________________________________________________________

________________________________________________________________

What activity or part did you find most challenging or unique during this challenge?  Why?

________________________________________________________________

________________________________________________________________

________________________________________________________________

If you could redo this challenge, what would you do differently to improve?  Why?

________________________________________________________________

________________________________________________________________

________________________________________________________________

What aspect of your work would you like to improve this year?

________________________________________________________________

________________________________________________________________

________________________________________________________________

Did your team mates do their fair share of the work?  If not, which ones did the most work?  What did they do?

________________________________________________________________

________________________________________________________________

________________________________________________________________

On a scale of 1 to 10, rank each of your team mates’ efforts.

________________________________________________________________

________________________________________________________________

In the end, who was the leader?  _____________________________________

Was this person the Flight Director you chose in the beginning? ______________
Which one of your team would you choose to be in charge of the ground crew, if you were one of the Apollo 13 astronauts?  Why? _________________________
_________________________________________________________________



	Assessment Strategies:
CRITERIA




      POINTS EARNED / POINTS POSSIBLE

Time Management 

Was the construction performed within 2 class periods?
__________ / 10



Safety  

Was all construction performed with safety in mind?

__________ / 10


Use of Tools, Materials & Resources 

Was every item used resourcefully and creatively?

__________ / 10

Design Constraints 

Were all of the design constraints met?



__________ / 10

Was the work station cleaned after each period?

Teamwork, Cooperation & Attitude



__________ / 10
Team Member #1 _________________  Team Member #5 _________________

Team Member #2 _________________  Team Member #6 _________________
Team Member #3 ________________​​​_  Team Member #7 _________________
Team Member #4 _________________  Team Member #8 _________________
Documentation

· Materials list                                             

      __________ /  5


· Written procedures for constructing prototype
                __________ /   5

· 3 Thumbnail Sketches                                                        __________ /   5

· Annotated Concept Sketch                                                 __________ /   5
· Self and Peer Evaluation Forms for each person
     __________ /   5

Team Member #1 ________________  Team Member #5 _______________

Team Member #2 ________________  Team Member #6 _______________

Team Member #3 ________________  Team Member #7 _______________

Team Member #4 ________________  Team Member #8 _______________

Design Solution

Did the filtration system from the CM fit into the LEM?
           __________ /  10

Did the original prototype keep air from escaping?

__________ /    5
Did the reconstructed prototype keep air from escaping?
__________ /    5

Did the reconstructed prototype match the original after
following the written procedures your team developed?      ​     _________ /     5 

TOTAL POINTS EARNED OUT OF 100 POINTS POSSIBLE

Team Member #1 ________________  Team Member #5 _______________

Team Member #2 ________________  Team Member #6 _______________

Team Member #3 ________________  Team Member #7 _______________

Team Member #4 ________________  Team Member #8 _______________




	Additional Information: 

Depending on the Shop Vac available in your school, make sure the filter fits into the end of the hose.   Add that size to the design constraints.  The vacuum you use will need a reverse switch in order to do the final testing.  Clean the vacuum, prior to using it for this project and also remove the filter.
To test the filtration system, you will need to obtain baby powder and a jar that has an opening of at least 2”.  Use a plastic mayonnaise jar.  Place about a half-cup of baby powder in the jar.  Students should connect the filtration device to the vacuum hose using duct tape.  Place the jar with baby powder towards the opening in the filter and turn on the vacuum.  It should pull all the powder through.  Then flip the reverse switch and let the vacuum push the powder out and back into the jar.  To see if the filter works, observe the filter and see if the device prevents powder from leaking out the sides.  NOTE: If the astronauts had oxygen leaking out, they never would have survived the journey back to earth.

The following are websites that can be used as resources in discussing the race for space:
http://nssdc.gsfc.nasa.gov/planetary/lunar/apollo13info.html
http://www.lpi.usra.edu/expmoon/Apollo13/Apollo13.html 

http://www.nasm.si.edu/collections/imagery/apollo/AS13/a13.htm 

http://www.spectrum.ieee.org/apr05/1545 (NOTE:  especially good site for technical info) 



Framework for Technological Literacy 
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