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National Aeronautics and Space Administration


Mission Planning and Site Selection for Scientific Investigation  

Teacher Guide

OVERVIEW

Students will research and present an exploration mission timeline proposal that utilizes the scientific process to meet science objectives and mission parameters for the field site. The goal is for students to create a 3-day mission timeline of activities for exploration. Students should complete the Desert RATS activity Satellite Imagery and Mapping prior to starting this activity. Students may apply these new skills in the activity 2011 Hot Dog Hill Exploration at Arizona Field Site – see Resources and Additional Activities.
OBJECTIVES

Students will:

· Interpret satellite imagery to determine areas for ground-based investigations.

· Research mission objectives, exploration system limitations, and natural terrain hazards.

· Select specific locations for scientific research based on science mission objectives and mission limitations.

· Develop an exploration timeline.

· Present a mission proposal after consultation with their peers.

· Evaluate the mission proposals of other students in the classroom.

NATIONAL STANDARDS

National Science Education Standards (NSTA)

Science as Inquiry

· Skills necessary to become independent inquirers about the natural world

· Understanding of scientific concepts

· An appreciation of ‘how we know’ what we know in science

· Understanding of the nature of science

· The dispositions to use the skills, abilities, and attitudes associated with science

Physical Science Standards

· Motions and forces

Science and Technology Standards

· Understanding about science and technology

History and Nature of Science Standards

· Science as a human endeavor

· Nature of science

· History of science

National Mathematics Standards

Ratios and Proportional Relationships

· Analyze proportional relationships and use them to solve real-world and mathematical problems

Expressions and Equations

· Solve real-life and mathematical problems using numerical and algebraic expressions and equations

National Geography Standards

The World in Spatial Terms

· How to use maps and other geographic representations, tools, and technologies to acquire, process, and report information from a spatial perspective

· How to analyze the spatial organization of people, places, and environments on the Earth’s surface

BACKGROUND

In space exploration, deciding where to go, how to get there, and how to do the most while you are there are key components of the scientific and exploration process.

Mobility is a key component of getting the most exploration done in the least amount of time. NASA is testing concepts for a new generation of space exploration vehicles. These concept or test vehicles will help future robots and astronauts explore more than ever before, building a long-term space presence and conducting a wealth of science experiments. Roving vehicles proved invaluable during the Apollo missions, enabling astronauts to complete extended trips on the surface of the moon. NASA is still building on the lessons learned during the Apollo missions, and also incorporating the experiences of operating robotic rovers on Mars. 

The Space Exploration Vehicle (SEV) is currently being developed and tested. This pressurized vehicle concept is similar to the pressurized, human operated submersibles used for underwater investigations. 

The SEV cabin could be used in a variety of ways:
· for use near the International Space Station with a flying platform, 

· for satellite servicing missions in earth orbit, 

· for exploration missions beyond low earth orbit (LEO) to near-Earth objects (NEOs), such as asteroids. 

The technical abilities of personnel and equipment are always limiting factors in exploration and other human endeavors. While the SEV will give astronauts a greater range to explore, the time for exploration is still limited. With sleep and meals, maintenance, and exploration all needing time, mission planners must determine how much time to allot for each activity. Even robotic missions must schedule battery recharge, diagnostics, communications, and other time-consuming activities. These limitations will define the amount of time that can be used to explore and will influence the travel distance between scientific sites and exploration time at each site. Mission planners develop Mission timelines to schedule all of the activities that occur during a mission. For example, travel distance will be affected by the trafficability of the terrain. The SEV can travel faster over smooth terrain than rough terrain. Some terrains exceed SEV capabilities and must be avoided.   Thus, the terrain trafficability factor will affect SEV exploration timelines.

Mission planning and site selection puts everything together. Understanding science mission objectives and technology capabilities is essential. It is important that mission planners also have strong collaboration and communication skills as they conceptualize, clarify, and implement the site selections and timeline of a mission. 

Read more about the SEV concept with this NASA Fact Sheet: http://www.nasa.gov/pdf/464826main_SEV_Concept_FactSheet.pdf. 

Watch the following videos for more information about the Desert RATS project.

Desert RATS Overview

http://youtu.be/WavaMYpUZNs 

NASA EDGE Live@Desert RATS 2010 Part 1 (1 of 3)

http://youtu.be/S0OfaAiFouY 

NASA EDGE Live@Desert RATS 2010 Part 2 (2 of 3)

http://youtu.be/jRKfjQwFOEY 

NASA EDGE Live@Desert RATS 2010 Part 3 (3 of 3)

http://youtu.be/WhBlUlOa8to 

Key Terms:

· Trafficability – is the ability and limitations of a given vehicle to traverse a specified terrain.
· Project Timeline – is a time and location schedule of events and milestones over the duration of the exploration. Project timelines are used to help team members know what milestones need to be achieved and where, over a time schedule.
· Extravehicular Activity (EVA) – work done by an astronaut away from or outside of a pressurized spacecraft or habitat.
· Concept vehicle – is a vehicle made to demonstrate new technology or capabilities that is used as a test to determine needed changes.

MANAGEMENT
Students should complete the Desert RATS activity Satellite Imagery and Mapping prior to starting this activity.
Either classroom or lab is appropriate for this activity.  Students will work independently and collaboratively, so a classroom environment that is conducive to this process is key. The teacher’s main role will be Socratic in nature to encourage and guide students in the process. If available, multimedia presentations will enhance classroom presentations. Reserve multimedia equipment in advance if classroom is not equipped.
PROCEDURES  

MATERIALS

· science mission objectives, flight rules and SEV fact sheet

· traverse hazard map 

· base image of Desert RATS research area
· student-derived unit map from Desert RATS Satellite Imagery and Mapping activity
· pencil

· metric ruler
· calculator
· science journal

· tracing paper or plastic cover overlay to plot course
· clear adhesive tape

TEACHER PREPARATION 
Gather and review all materials. When printing the Hazard Maps, it is recommended to print a copy of both the color and black and white version for each student (or have the color map available on a computer or projection for the entire class to use as a reference.)  Put the images back to back in plastic sleeves for the activity. Students can use the base image, their unit map from the Satellite Imagery and Mapping activity, and the traverse hazard map to plan the traverse. Students can draw directly on the maps, use tracing paper, or draw on the plastic covers. The plastic sheeting with water based markers works very well.

Divide students into cooperative groups. These groups will be working like science teams during NASA mission planning. Students will start the process as individuals, just like scientists, identifying those areas that they find interesting for study. Then, they have to work together as a science team to select the top locations that meet the mission objectives and are feasible to investigate under the constraints of the flight rules. Collaboration within the group is key. Teachers will be able to assess individual work as well as group work in this activity. If time permits, each group or science team should present its finding to the entire class and potentially share with other classrooms through the NASA Educators Online Network (NEON) http://neon.psu.edu 

CLASSROOM PROCEDURES
1. Discuss the overall goal of this activity and link it to the previous Desert RATS Education activity Satellite Imagery and Mapping.
2.   Watch the video: NASA EDGE Live@Desert RATS 2010 Part 2 (2 of 3) http://youtu.be/jRKfjQwFOEY     

This portion of the NASA EDGE segment on Desert RATS gives some highlights about mission days, planning, and timelines. The video is 6:52 minutes in length. If YouTube is not available for your use, you can watch and download the video at:

http://www.nasa.gov/multimedia/podcasting/nasaedge/NE001004_L06_D-RATS2010.html 
3. Distribute all information sheets, images, maps, and mapping tools students need to analyze and decide on their exploration mission timeline.
4. Review the Desert RATS science mission objectives, flight rules, and the SEV fact sheet.

5. Review the science requirements and the technical capabilities that the students must consider as they develop their exploration mission timelines.  

a. starting time of exploration activities, 
b. science objectives
c. type of exploration activity, 

d. time dedicated to the exploration activity, 

e. traverse considerations, if exploration will include a traverse, 

f. distance and time it will take to travel the distance must also be included in the timeline.  

6.  Review the Site Selection Process and have students work individually to develop sites and a mission timeline.
From Student Guide: Using the images provided by your teacher, Google Earth, and the maps you made in the Satellite Imagery and Mapping activity, generate a list of several locations that you find interesting for scientific study. Mark and label the sites on an image or map of the research area. Remember, your site selection must meet at least a portion of the science mission objectives, not exceed the technical limitations of the SEV, and meet mission timeline goals. After considering all the conditions and criteria, decide on the priority order of your selected sites, i.e. #1, #2 etc. Your top priority site will be considered your landing zone.  In your science journal, write a summary report to support your site selections. 

TEACHERS NOTE: The technical limitations that the SEV and mission timeline place on site selection will vary from student to student depending on what areas they choose for exploration. Some things to discuss with students prior to this activity include:

· There will only be 3 days of the mission for exploration.

· Each day of exploration will only include 8 hours of time, that includes all vehicle travel and EVA preparation and close out as defined in the mission flight rules.
· Travel time will vary depending on the distance between sites and the trafficability of the terrain. Students will need to use scales, velocity equations, terrain maps, and mission timelines to develop their site proposal. A review of these topics may be needed.
7. Have students work in small groups, representing science teams.
From Student Guide: Meet with your assigned science team. During this time, each member of the team should present his or her 'individual' mission plan, including site selections, timelines, and supportive reasoning. Then team members need to discuss the proposed mission plan from each team member and come up with a' team' mission plan, based on either a consensus or majority decision - derived, again, on meeting the science mission objectives and exploration limitations. In your science journal, write a short description of the selected sites and discuss the merits of selecting these sites.
8. As a team, prepare a multimedia presentation for the entire class on your selected mission plan.
9. As a class, debate the pros and cons of each of the proposed team mission plans, and try to reach an agreement on a final 'class mission plan. In your journal, discuss the reasons for selecting these sites.
TEACHER NOTE:

Extend the comparison and discussion by posting your class selections in the 2011 Desert RATS Education NEON Group Forum. There you can see what other classes have done and compare your answers. 

DISCUSSION QUESTIONS

The following are potential research and discussion questions for students to answer in their science journals or for classroom or small group discussions.

1. How does this process of site selection fit into the scientific process? Is this process part of the ‘scientific method’? Answers will vary, but students should understand that science is done in many ways (methods) and that the process of science involves observing, questioning, testing, and lots of collaboration.

2. How important are the science objectives to the mission? Answers will vary, but the science mission objectives are key – major mission decisions will be made based on those objectives.
3. How much influence did the capabilities and limitations of the SEV have on the decision making process? Answers will vary.
4. What were the important steps to reach a consensus in your small teams and/or the classroom discussions? Answers will vary.
RESOURCES AND ADDITIONAL ACTIVITIES
2011 Hot Dog Hill Exploration at Arizona Field Site.     http://ares.jsc.nasa.gov/ares/drats/index.cfm
This activity is the application of the skills students have developed in the three Desert RATS Education Activities: Lava Layering, Satellite Imagery and Mapping, and Mission Planning and Site Selection for Scientific Investigation. 

Collaborative Decision Making: NASA's Deep Impact Mission

http://solarsystem.nasa.gov/deepimpact/educ/Collaborative.cfm 
Space Exploration Vehicle Concept Fact Sheet


http://www.nasa.gov/pdf/464826main_SEV_Concept_FactSheet.pdf 

Shuttle Mission Planning and Timelines


http://spaceflight.nasa.gov/shuttle/support/planning/ 

Mapping the Surface of a Planet: Mars Education – Arizona State University


http://marsed.asu.edu/files/MappingTeacherGuidev200.pdf 
Expedition Earth and Beyond


http://ares.jsc.nasa.gov/ares/eeab/index.cfm
Desert Research and Technology Studies (RATS)


Desert RATS Education





GRADE LEVELS


4th – 9th





CONNECTION TO CURRICULUM


Science, Mathematics, Geography





TEACHER PREPARATION TIME


1 hour 





LESSON TIME NEEDED


3-4 hours	Complexity: Moderate - High











The goal of this activity is to create a three-day exploration mission timeline that details exploring a planetary surface with humans using a Space Exploration Vehicle (SEV). A landing site and other exploration sites will be chosen and a timeline for exploration will be designed.  Students should be focused on the process of mission planning and exploration and not the actual geology. From the previous Desert RATS education activities, students should have enough background knowledge about volcanoes and lava fields to ask questions about the terrain and develop a mission timeline.
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