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Lesson Summary: In this activity, students will learn how the global positioning system (GPS) works by creating two dimensional maps.  Each student will make a unique path on a grid and will recreate the path of another student using GPS reconstruction methods.

Subject: 

Math: Measurement 
Social Studies: Science Technology and Society

Technology: Basic Operations and Concepts
Grade Level: 

· Target Grade: 7
· Upper Bound: 8

· Lower Bound: 6

Time Required: One class period.

Materials:
· drawing compass

· string (about 12 inches long) 

· ruler 

· GPS Mapping Worksheet
· GPS Log Worksheet
Lesson Plan: 
· The teacher should start a discussion about the advancement of technology through time (in particular, GPS).  Students should discuss the uses of GPS and what older technologies it might have replaced.  
· This activity takes place in two parts.  First, students will be Travelers and will create a path on a grid in several stages while recording the distances.  Next, students will become Mappers and will use the recorded distances to reconstruct another student Traveler’s journey.
Part A: Traveler
· In this part of the activity, each student will be working alone as a Traveler.  Students should receive the GPS Mapping Worksheet and the GPS Log Worksheet.  They should write their names under Traveler’s Name on the GPS Log Worksheet. Students should start with Part A: Traveler on the GPS Mapping Worksheet.  
· Each student should mark a starting location (position 1) with a dot someplace on the grid.  Next, they need to measure the distance from position 1 to GPS satellite 1 using a ruler. Students should use the center of the star at the corner of each satellite image as the point they are measuring to.  They should record this distance on the GPS Log Worksheet next to position 1, under GPS satellite 1. 

· Next, students should measure the distance from position 1 to GPS satellite 2 using the ruler. They should record this distance on the GPS Log Worksheet next to position 1, under GPS satellite 2.  Then, students should measure the distance from position 1 to GPS satellite 3 and record this distance on the GPS Log Worksheet.
· Students should mark a second point on the GPS Mapping Worksheet, which will be the second position on their journey. They should draw a straight line, with an arrow, from the starting position to the second position to indicate which direction they traveled. 

· Next, students will measure the distance from the second position to each GPS satellite as they did before and record these distances on the GPS Log Worksheet next to position 2, under the appropriate satellite number. 

· Students should repeat this process for five total positions.  They need to measure carefully the distance from each position to each of the GPS satellites and record the information on their GPS Log Worksheet.  Students need to keep the map of their journey hidden from fellow classmates until Part B is complete.  
Part B: Mapper
· In this part of the activity, the information on the GPS Log Worksheet will be used to reconstruct a map of the journey. Students will determine the positions of another Traveler with the same reconstruction methods used by the Global Positioning System. 
· Each student should start with Part B: Mapper on the GPS Mapping Worksheet.  The blank grid will be used to recreate the map of another student.  Students should get with a partner and trade completed GPS Log Worksheets.  Students should write their names under Mapper’s Name on the GPS Log Worksheet. 

· Using a drawing compass and the GPS Mapping Worksheet, students should construct a faint arc centered on GPS satellite 1 that has a radius equal to the distance indicated on the GPS Log Worksheet from GPS satellite 1 to the starting position. Students can use a ruler to measure the opening distance of the compass.  The teacher might want to model this first step for students to make sure that everyone understands how the measurements should work.  
· If the compass will not open wide enough, students should use a string instead.  String can also be used if compasses are not available.  Students can tie one end of the string to a pencil and use the ruler to measure a length of string equal to the distance indicated on the GPS Log Worksheet.  The string can be used to construct a faint arc centered on GPS satellite 1 that has a radius equal to the distance indicated on the GPS Log Worksheet from GPS satellite 1 and the starting position. 

· Using a compass (or the string), students should construct a faint arc which is centered on GPS satellite 2 and has a radius equal to the distance indicated on the GPS Log Worksheet from GPS satellite 2 to the starting position.  Students should then construct a faint arc which is centered on GPS satellite 3 and has a radius equal to the distance from GPS satellite 3 to the starting position. 

· The point where these three arcs cross is the only point on the grid which satisfies the distance requirements recorded on the GPS Log Worksheet.  The three arcs may not touch exactly in one point, but students can approximate the starting point by choosing the point in the center of the area where the three arcs overlap. This is the starting position of the journey they are trying to reconstruct.  Mappers should mark this crossing point on the coordinate grid under Part B on the GPS Mapping Worksheet.   

· Students should repeat the process above to locate the second position on Part B of the GPS Mapping Worksheet using the distances indicated on the GPS Log Worksheet.  Once they have located the second position, they should draw a straight line with an arrow from the starting position to the second position to indicate the direction of travel. 

· Students should repeat this process to locate all five positions of the journey.  Students should connect each position with a straight line and an arrow, to indicate the direction traveled.  When students have completed reconstructing the journey, they should compare their map to the original map made by their partner and answer the questions on the GPS Mapping Worksheet.
Assessment: The teacher can grade for accuracy and completion of the two worksheets and questions.
Background & Concepts for Teachers:
· The global positioning system (GPS) is able to pinpoint the location of anyone or anything which has a receiver.  The complete global positioning system consists of 29 satellites and a GPS receiver which can decode signals from the satellites.  The GPS receiver is what we can purchase in stores here on Earth.  Each GPS satellite transmits radio signals which contain the current time.  The GPS receiver uses the time stamp to determine how long it takes the signal to travel between the satellite and the receiver.  In this manner the receiver can determine the distance to each satellite.  Once the distance is known between the receiver and several satellites, the location of the receiver can be constructed. 
· A standard GPS receiver will not only place you on a map at any particular location, but will also trace your path across a map as you move.  If you leave your receiver on, it can stay in constant communication with GPS satellites to see how your location is changing. With this information and its built-in clock, the receiver can give you several pieces of valuable information: 
· How far you've traveled 

· How long you've been traveling 

· Your current speed 

· Your average speed 
Vocabulary / Definitions: 
· GPS: A system of satellites, computers, and receivers that is able to determine the latitude and longitude of a receiver on Earth by calculating the time difference for signals from different satellites to reach the receiver
· GIS: A computer system for capturing, storing, checking, integrating, manipulating, analyzing and displaying data related to positions on the Earth's surface
· satellite: An object launched to orbit Earth or another celestial body
References:
· http://www.chicos.caltech.edu/classroom/GPS/GPSActivity1.html
TEKS:
Social Studies
7.20 (A) Compare types and uses of technology in the past and present.

7.21 (H) Use mathematical skills to interpret social studies information

Math
7.13 (A) Identify and apply mathematics to everyday experiences 
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