Using Geographic Information Systems (GSI) and Global Positioning (GPS) with Elementary Students in an After School Program
Authors:  Dean Thompson and Terrie Noser

Concept Summary:   This introductory eight week class will teach students how to use GPS and access GSI through hands on activities. Students will be introduced to spatial thinking. This after school program will meet once a week for one hour.
Suggested Grade Level: 3rd and 4th grade

Montana State Standards Relevant to These Activities:
1. Science Content Standards:

· Standard 1: Students design, conduct, evaluate and communicate scientific investigations.

· Standard 4: Students demonstrate knowledge of the composition, structures, process and interactions of  earth’s systems and other objects in space.

· Standard 5: Students understand how scientific knowledge and technology developments impact society.

· Standard 6: Students understand historical developments in science and technology.

2.  Social Studies Content Standards:

· Standard 1: Students access, synthesize and evaluate information to communicate and apply social studies knowledge to real world situations.
· Standard 3: Students apply geographic knowledge and skills.

· Standard 6: Students demonstrate an understanding of the impact of human interaction and cultural diversity on societies.

3. Technology Content Standards:

· Standard 1: Students demonstrate an understanding of the basic operations of technologies.

· Standard 2: Students use a variety of technologies to enhance productivity

· Standard 3: Students use a variety of technologies for communication.

· Standard 4: Students use technology responsibly and understand its impact on individuals and society.

· Standard 5: Students develop the skills, knowledge and abilities to apply a variety of technologies to conduct research, manage information and solve problems.

· Standard 6: Students apply technological abilities and knowledge to construct new personal understanding.

4. Math Content Standards:

· Standard 1: Students engage in the mathematical processes of problem solving and reasoning, estimation, communication, connections, and applications, and using appropriate technology.

· Standard 2: Students demonstrate understanding of and ability to use numbers and operations.

· Standard 4: Students demonstrate understanding of shape and an ability to use geometry.

· Standard 5: Students demonstrate understanding of measurable attributes and an ability to use measurement processes.

· Standard 6 Students demonstrate understanding of an ability to use data analysis, probability, and statistics.
5. Writing Content Standards:

· Standard 1: Students write clearly and effectively.

· Standard 2: Students apply a range of skills and strategies in the writing process.

· Standard 4: Students write for a variety of purposes and audiences.
· Standard 6: Students use the inquiry process, problem solving strategies, and resources to synthesize and communicate information.
	Google Earth Activity


Concept Summary:  Students will access the Google Earth  website to gather information using technology.

Montana Standards Relevant to this Lesson:
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	      X
	     X
	
	


Objective: Students will be able to use maps and other geographic representations, tools, and technologies to acquire, process, and report information from a spatial perspective. 

Materials:   Computers with internet access to Google Earth and worksheet (attached)

Lesson Directions:   Give each student a copy of the Google Earth Activity. Students will need to access Google Earth on the internet. Students will follow written directions to complete the activity.
Student Assessment: Completed worksheet

Google Earth Activity

Go to Google Earth on the internet.
1. In the fly box, type Montana   
Name a major mountain range that goes through Montana_____________________   

What are some differences between eastern and western Montana?                                                                                                            
2. In the fly box, type Lincoln County, Montana 
3. In the fly box, type Libby.  Name the major river that flows near Libby________________________
4. In the fly box, type Asa  Wood Elementary 
5. In the fly box, type your home address.
6. In the fly box, type Helena, Mt 
7. In the fly box, type Montana State Capitol 
8. In the fly box, type Washington DC      From Montana which direction did you travel?_______
10.Go to the star in the middle of the page. What do you think this is?____________________

Use the zoom and zoom in on the star. What building do you think this is?______________________

11. Find places around the world that interest you.
	Understanding GPS Location Process Lesson
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Purpose:
 To aid student understanding of how the Global Positioning System determines a location on Earth by creating  a visual, hands on representation of the Global Positioning System. 

 Materials Needed:

1. 
Block of wood, 2X4X6 inches that would simulate GPS receiver (Photo Copy the face of your GPS and paste it to the block of wood).  Could have staples or screws on each side to represent different antennas.

2.  
Building Construction Ribbon, 4 different colors from hardware stores. Ribbons can be precut to a length, 10-12 feet, with a snap on the end which would connect to the staples on the GPS receiver.  Ends of ribbon can be tied together, eliminating the need for the GPS block.

Process:

1.  Ask for 4 volunteers, they are to be satellites that are sending out radio signals, represented by the different color ribbons.

2.  Give one volunteer a ribbon and connect it the GPS receiver


A.  Can we determine the exact location with one radio signal?  (Move the GPS receiver around, demonstrating that one satellite will not give a very good location.)

3.  Give a second volunteer a ribbon and connect it to the GPS Receiver.


A. Can we determine the exact location with two radio signals?  (Move the GPS receiver around, demonstrating that the distance the receiver can be move is reduced, but it is still not very accurate.)

4.  Give a third volunteer a ribbon and connect it to the GPS Receiver.


A.  Can we determine the exact location with three radio signals?  (Move the GPS 
receiver around, demonstrating the distance the receiver can be move is further reduced, and is more accurate.)

5.  Reposition some of the volunteers so they are all on one side or end of the GPS Receiver.


A.  Will the position of the satellite in the sky affect the accuracy?  (Responses should be that radio signals need to be coming from different location, in order to improve the accurate.)  


B.  Would a 4th satellite help insure the accuracy?  (Connect the 4th ribbon and see if it would be more accurate.)

6.  Have two of the volunteer’s lift their hands above their head and let the GPS receiver raise in height.

A.  Will the accuracy of elevation be affected by the position of the satellite in the sky?  (3-5 times as inaccurate as the x-z position)

7.  Point out the radio signal is not strong enough to penetrate buildings, water, trees.  If you are inside, turn a real GPS receiver on and see if any satellites show up.  You could have one that is in simulation mode that would show what they should see.  

A.  What will happen to the accuracy when the receiver loses one or two of the satellite signals?  (Have one and then a second volunteer’s turn loose of their ribbons.)

Differential Correction:

Depending on the maturity of the group.  WAAS (Wide Angle Augmentation Systems developed by the FAA) can be demonstrated by using a 5th  ribbon to represent the correction signal for a satellite.  

8. Connect the WAAS ribbon and let that ribbon pull the GPS receiver in one direction.  In order to move the GPS receiver, volunteers will have to lengthen their ribbon, or make it shorter.  The change in the length of the GPS ribbons shows that the timing of the radio signal has to be corrected in order for the receiver to calculate the new position. (Change will be in nanoseconds, 1 nanosecond = 1 foot error ) Explaining that there are timing errors caused by the atmosphere, multi-pathing, measurement errors in the GPS receiver.  WAAS (Wide Angle Augmentation System) uses a know location to determine the timing error for each satellite and then broadcasts the timing correction information via a WAAS satellite.  The WAAS signal corrects the timing errors in the receiver and changes the coordinate.

Incorporating Math into the demonstration by including the following questions:

A.  What is the speed of a radio signal? (Speed of Light 186,000 miles per second)

B.  If the GPs satellites are 10, 900 nautical miles (12,544 miles or 20,200 km), how long would it take for a signal to reach the receiver?  The point being that it would have to be less than 1 second. Would it arrive in one half a second?  How about in a quarter of a second?  This should point out that the clocks in the satellites and GPS receivers have to be very accurate.

C.  How many degrees are there in a circle?  If there are six planes (orbits) how many degrees are the satellites apart? (60 degrees)

D.  If there are 6 different planes (orbits) and there are 24 satellites in the GPS constellation, how many satellites are in each plane ?(4)

E.  Satellites circle the earth twice a day. What is the time it takes a satellite to circle the earth? (12 hrs) 

Copies of the constellation handout can be distributed to help students further visualize the satellite arrangements.

Developed by Kelly Lane, and Van Shelhamer, Instructors GeoEssentials, Incorporated,  www.geoessentials.com
How to use the Garmin GPSMAP 60CSx

Montana Standards Relevant to this Lesson:
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· Objective:  Students will understand and be able to use a GPS receiver.

1. Key Functions

2. Battery Installation

3. Viewing the Main Pages of receiver

:   

· Materials 

1. Garmin GPSMAP 60CSx

2. Garmin GPSMAP 60CSx Quick Start Guide for each student (Photo Copy)
3. DNRGarmin software

4. Garmin 60C/60CS Instructional DVD

5. Small objects to hide in geocache 

6. Computer projector

· Lesson Directions:

1. After viewing DVD video, distribute GPS receivers and quick start guides.  

2. How to load batteries

3. Turning on your GPS (If indoors press Menu and use the Use With GPS Off  function)

4. Using DNRGarmin show what each screen looks like and what are the functions and settings we will use.  Display on teachers' computer and/or computer projector on wall what their GPS screen should look like.

A.    Press Page-Satellite Page should appear

       1.   Explain what all symbols do.

B. Press Page Button- Goes to Trip Computer Page

                           Press Menu

1. Reset-clears all displays

2. Big Number/Small Number

3. Change Data Fields

4. Restore Defaults

C. Press Page Button- Goes to Map Page

1. Menu

D. Press Page Button- Compass Page

1. Bearing-vs.-Course

	Accuracy
	Bearing    2

               T

	Dist To Dest 

                    M

                      i
	Heading   2

                T


2. Data Field   We like to use- have students change theirs to match ours.

E. Press Page- Altimeter Page-Provides tracking of elevation and pressure

F. Press Page- Main Menu- Directory of advanced features and settings   

5.  Let students work with GPS and get familiar with it.

	Using a GPS Receiver


Montana Standards Relevant to this Lesson:
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All the activities will give students the opportunity to learn how to use the GPS.
· Objective:  Students will understand and be able use a GPS unit to set up waypoints, routes and tracks.
· Materials:  Garmin GPSMAP 60CSx units   

                         Garmin 60C/60CS Instructional DVD and small          objects to hide in a geocache
                          Orange Traffic Cones (Minimum of 20)

                          Arcview 9.2 with aerial photos
· Lesson Directions:   
After viewing  DVD video, distribute GPS units to students to complete the following activities
1. Tracking activity: 
             Preparation before class: On a large field set up cones to mark waypoints to spell the word LIBBY.

   A.  On one inch graph paper using block letters the students will spell out the word LIBBY(see grid below).  This will be the student’s map to mark waypoints for tracking.  
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          Students will go outside with their GPS units and maps.  Working with their partner they will mark the waypoints where the cones are located.  The students will download their waypoints and tracks on the computer.  The students will view their tracking to see if they marked their waypoints properly.  If they incorrectly marked their waypoints have them discuss with partner how to correct their mistakes.

      B.  On one inch graph paper using block letters the students will use their initials (first and last) to show how they would track their initials with waypoints and tracking.  Have the students number their initials like a dot to dot.  The students can use cones outside and make waypoints and track their initials.  Have them download them on the computer in Arcview or Garmin Mapsource.
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2. Geocache activities:   Students are able to mark and create waypoints before beginning this activity. PREP WORK: On playground or other large area, teacher needs to “hide” objects in different areas and mark the waypoints.   Transfer the information on the GPS to computer.  Transfer the information on the waypoints to individual GPS units.  Students will access GPS units to find the waypoints and geocache.    Prizes may be given to students as they find the geocache.
If time allows, divide students into two groups.  Group “A” hides the objects and marks the waypoints on the GPS.  Group “B” uses the GPS units to find the hidden objects.

Student Assessment:   Successfully marking and tracking the word LIBBY and finding the geocaches using the waypoints on the GPS unit.
	Help!!The Sky is Falling Around My School


Authors: Dean Thompson and Terrie Noser

Concept Summary:  Students will identify safety concerns and issues at the school and surrounding neighborhood. 

Montana Standards Relevant to this Activity:

	
	Science
	Social Studies
	Technology
	Math
	Writing

	Standard #1
	   X
	     X
	     X
	
	    X

	Standard #2
	
	     X
	     X
	
	    X

	Standard #3
	
	
	     X
	
	

	Standard #4
	    X
	
	     X
	
	    X

	Standard #5
	    X
	
	     X
	     X
	

	Standard #6
	    X
	
	     X
	     X
	    X


Materials:  GPS receivers, computers with internet access, Arcveiw 9.2, camera, printers, notepads and paper
Objectives:

1. Students will identify safety concerns and issues at the        school and surrounding neighborhood. 

2. Students will mark and label waypoints on the GPS receiver of the safety concerns.

3. Students will take digital pictures of the safety concerns.
4. Students will write a 3 – 4 sentence paragraph stating          what the safety concern is and why it is a concern. The paragraph needs to address possible solutions to prevent a disaster or accident.
5. Students will download waypoints, pictures and paragraphs    onto maps on the computer using hyperlink.
Lesson Directions:    Students will discuss what constitutes a safety concern and why changes need to be made.  Students will travel around the inside and outside of the school and surrounding neighborhood to identify safety issues. They will mark and label waypoints on the GPS receiver. Assign each student a safety concern to write a summary paragraph of the concern. All the information will be downloaded onto area maps.    Students will share information with appropriate local officials.
Student Assessment:   Completed project
	Field Trip To Sheep Range


Authors:  Terrie Noser and Dean Thompson

Concept Summary:   This culminating activity will allow students to practice using GPS and GSI in real life.

Montana Standards Relevant to this Activity:
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Materials:    GPS receivers, computers and printer, Arcview 9.2, notepads, pencils, backpack, snack an/or lunch, appropriate clothing, water, first aid kit

Lesson Directions:   Students will go on a field trip to the sheep range. Prior to the trip, discuss how the State of Montana acquired the property from a long time family. Talk about the former home sites in the area.  Inform students that the area is managed by the Fish and Wildlife Department. Discuss what types of wildlife they may encounter. Students will mark and label waypoints for any points of interest, such as wildlife, small creeks, marshes, abandoned buildings, etc.. Students will also photograph the objects. They will also track their routes on the GPS receiver. They will be able to calculate distance traveled.  After collecting all the data and information students will download the material on to the computer.
There were three Geocaching sights in the area.  We also had a community member hide some extra so the students had extra to find.
Student Assessment:  Completed project

Final Assessment of Program:  At the completion of the program, students will complete a survey.

GPS/GIS After School Program

Student Survey

Please complete the survey with your parents. The information you provide is necessary for the funding sources to provide the program. Please return the completed survey to Mrs. Noser or Mr. Thompson by December 19, 2007. Thank You

    1.
Did you like the GPS/GIS class? Please circle the response that best reflects your feelings.

[image: image3.jpg]


   [image: image4.jpg]


   [image: image5.jpg]



Which activity did you like best? Please circle your response.

a. Geocache
b. Safety Issues
c. Computer activities

 Would you like another GPS/GIS class or activity? _________.               If yes, what would you like to do?

 Would you recommend this class to a friend? __________

What one thing did you learn that was really exciting to you?

    When can you use that knowledge in real life?
