Level K — 8, see specific activities for each grade level

Number of Students individual or small groups

Length 30 — 60 minutes

Brief Description: This activity will explore navigating using 2D maps and 3D satellite-based
GPS and will introduce students to the concept of triangulation.

Materials: Handouts, access to Google Maps (or similar), projector, chart paper or white board,
timer, measuring tape, 3 pieces of paper.

Preamble: In the story Nikki acts as navigator for her family during their trip from Toronto to
the Bronx, New York. The story takes place in the 1980’s so Nikki is reliant on a Road Atlas that
contains maps of the different areas they are going to be travelling through. Today we use GPS
(Global Positioning Systems) to navigate, but many of the same principles apply.

Preparation: Discuss with students how they travel to different locations, what types of
transportation they take, how long is it going to take, and what tools do they use? You can have a
class discussion on places the students have been and how long it took to get there. This can be
short trips from home involving walking, cycling, driving, or public transit or longer trips around
the world using planes or boats. Discuss with student’s things like:

- where they went?

- how long it took to get there?



- was it a straight route or did it involve a lot of turns and changes?
- what tools (GPS, maps, directions) did they use to help them get there?

Grades K - 2
Activity 1: Navigating Your Neighbourhood

Search for your school using Google Maps and use a projector to project the map onto a
whiteboard or chart paper. Then ask students to look for landmarks within 1 — 2 km of the
school; this could include things like parks, stores, playgrounds, museums, or other areas of
interest in your community. Then ask students to draw a route from the school to their chosen
landmark and describe to the other students how to get there.

Prompting Questions:
Using Google Maps to help with these:
e How long does it take to get from the school to your chosen landmark?
e (an you get there by walking? By bike? By driving? By public transit? How long does it
take to get there using each method? Can you take the same route with each?
e How far is it from the school to the chosen landmark?
e What do you notice about the difference in time to get to certain locations using different
methods of transportation (walking, driving, biking, public transit)?

Extensions: if students have access to technology (like a pedometer or a vehicle with an
odometer) they can actually measure the distance and time it takes to go from school or home to
various places using different methods of transport.

Activity 2: Navigating Longer Distances

Using Google Maps have students think of cities or places outside of your community they
would like to go and then plan a route to get there.

Prompting Questions:

Using Google Maps to help with these:
e What are alternate routes to get to where you want to go? Like avoiding highways, or
taking a boat or plane versus driving?
e (Can you walk or bike to certain places or would you need to take a car?
e Are there places you can’t get to by driving? (think islands or remote communities)
e How long does it take to get to certain places?

Activity 3: Using GPS
So far, we have used 2D maps to plan out our routes in advance, but what if we want to follow a

route and track it in real time? This is where GPS comes in. GPS uses more than 30 satellites
along with receivers on the ground and special computer chips in our phones or devices to



accurately track exactly where we are on Earth at any given time. How does this work though?
To demonstrate you’ll need at least 7 students in the following roles:

- G1: the GPS device or device holder

- R1, R2 and R3: the satellite receivers

- T1: timer

- M1: measurer

- WI1: writer

Set-up: Have a piece of chart paper or a white board ready with the following chart:

Object 1 | Object2 | Time Distance
R1 Gl
R2 Gl
R3 Gl

*note: we have made a teacher and student video at https://fieldsacademy.ca/mil-
grandmas/ that you can watch for a more detailed explanation of this activity and the math
behind it. The video for students is made for students up to grade 6, so there may be some
concepts more difficult for younger students to understand.

- Step 1: Have one student (G1) be the GPS device (or person holding a GPS device) and
stand in the middle of the room.

- Step 2: Have R1 — R3 stand at various other locations around the room. They should all
be different distances from G1. Each student represents a satellite.

- Step 3: Have M1 measure the distance between R1 and G1 and have W1 record it on the
chart. Note: you may wish to place a piece of tape, a token, or a piece of paper on the
ground under R1 to mark their spot for the next step.

- Step 4: Have R1 walk, one step at a time, heel to toe, at a steady pace towards G1 and
then back to their starting point. Have T1 time how long this takes.

o It is important that the receiver walks at a constant, steady rate. To help with this
you could use a metronome or other beat keeping device (including having the
students clap in a steady rhythm) to time when they take their steps.

- Step 5: Have W1 record the time on the chart under R1 to GI.

- Step 6: Repeat Steps 3 — 5 for R2 and R3, recording time and distance on the chart.

- Step 7: Once the chart is filled in, have students compare the times and distances and
discuss why there are differences, such as the further away a receiver is from the GPS
device the longer it takes to get there and back.

- Step 8: Explain to students that GPS uses the fact that there will only be one spot on the
entire earth that will be exactly R1 to G1 steps AND R2 to G1 steps AND R3 to G1 steps
away. If you like you can show them the three circles of triangulation from the video and
point out that there is only one spot where they all meet up. You can also have R1, R2,
and R3 walk in a circle with a radius of their distance away from G1 and they will all
collide where G1 is; but this is a more advanced activity/topic. If you decide to do this
using a string with length R1 to G1 and held by someone at position R1 and the other end
held tight by another student will help them walk in the correct circle (repeat for R2 and
R3).


https://fieldsacademy.ca/mil-grandmas/
https://fieldsacademy.ca/mil-grandmas/

Other Questions:

- Why is it so important to walk at a steady pace / for all receivers to walk at the same
pace? This is because we need to be able to compare the times to the distances and if one
student walks faster or slower than the others it will affect how long it takes to travel the
same distance, so we can’t then compare the distances and times properly. Also, a signal
between a GPS device and a satellite always travels at a constant speed (the speed of light
to be exact).

How This Relates to GPS Calculations

For younger students you may wish mention how satellites calculate the distance between
themselves and the GPS device using an atomic clock and timing how long it takes to send and
receive a signal. Mathematicians can then use these measurements to determine where G1 is in
relation to R1, R2, R3 and uses circles (or spheres) to triangulate where the GPS device is on
Earth. The student video has images of both circles and spheres to illustrate this.

Grade3-5
Follow the guidelines above for Activities 1, 2, and 3 with the following alterations / additions.

Activity 1: students will choose 4 or 5 different locations around their town or community and
plan a route to travel to all of them in one trip. Using Google Maps, they will determine the
distance of each leg of their journey and then calculate the total distance of the trip. They will
also evaluate if their route is the most efficient one they could take.

Activity 2: students will pick a destination outside of their town or city and will create a detailed
travel plan to get there. They will have to research and include information on routes taken and
the total distances travelled.

Example 1: to travel from the Fields Institute to the falls at Niagara Falls by car the following
route is to be followed: leave 222 College St and travel west on College for 210m (0.210km),
then south on Spadina for 2.2km. Then head west on the Gardiner Expressway and QEW for
123km. The total trip will be 0.210km + 2.2km + 123km = 125.410km.

Example 2: to travel from Brandon, Manitoba to Memphis, Tennessee you drive 202km on the
Trans-Canada Highway to get to the Winnipeg Airport. Then you get on a flight for 1758km
(you can use a site like flightaware.com to find out this information). The total distance for this
trip is 202km + 1758km = 1960km.

Extension: they can also include information on time and speed by researching the route using
Google Maps and a website like flightaware.com for flights.

Activity 3: add another column to the chart with the heading “Speed” and, using the distances
and times recorded on the chart, students can calculate the speed R1, R2, and R3 and compare
them. To do this they would divide the distance (in meters) by the time (in seconds) to get a
speed of m/s They will then compare the three speeds to each other and see how close the three
relays were in terms of their walking speeds. You can then have a discussion with the students as



to how this relates to actual satellite signals that all travel at exactly the same speed (the speed of
light).

Next, the students will use their distance measurements to draw three circles with their centers on
the relay points and a radius of the distance between each relay and the GPS. They can do this
either on a piece of paper by converting into smaller units (so 10m becomes 10cm so it will fit on
the page) or by using a measuring tape and string to create circles on the ground in the classroom
itself. Once they have drawn their three circles they should be able to see where the circles
intersect. You can also use technology (like GeoGebra or Desmos) to do these drawings as well
— though be careful to use the GPS point as a point on the circle so they will intersect (see
teacher video for demonstration).

Grade 6 -8
Same basic activities as grades 3 — 5 with the following alterations / additions.

Activity 1: students will also include the time it takes to get from one location to the next and
use this to calculate the speed of the route using the equation speed = distance / time. They can
find both the distance and the time using Google Maps.

Activity 2: students will also include the speed for each leg of the journey as well and use this to
calculate the time it will take for each portion of their journey. For flights they can use
flightaware.com (or similar) to find these times and distances, sometimes it even lists the speeds
directly.

Example 1: to travel from the Fields Institute to the falls at Niagara Falls the following route is
to be followed: leave 222 College St and travel west on College for 210m, then south on Spadina
for 2.2km. These two streets have a speed limit of 40km/hr. Then head west on the Gardiner
Expressway and QEW for 123km, with a speed limit of 110km/hr. The time it will take on the
highway is speed = distance / time, therefore time = distance / speed = 1.12 hours or about 1
hour and 7 minutes (60 minutes * 0.12).

Example 2: to travel from Brandon, Manitoba to Memphis, Tennessee you drive 202km on the
Trans Canada Highway at a speed of 100km/hr to get to the Winnipeg Airport. Then you get on a
flight for 1758km at a speed of 861km/hr (you can use a site like flightaware.com to find out this
information).

Activity 3: Students can do more accurate calculations using the fact that GPS devices actually
listen for signals from satellites in space. The GPS device uses the time it takes for the signal to
travel from the satellite and it knows the speed at which the signal is travelling, and can use this

to calculate the distance. They can then perform the same triangulation calculation to determine
where the GPS is.

Example: a GPS device receives a signal from Satellite 1 at 1:10:01pm, it receives a signal from
Satellite 2 at 1:10:03pm, and Satellite 3 at 1:10:06pm. The signal was sent from all three
Satellites at 1:10:00pm. If the signal travels at 300,000 kilometers per second (approximately the
speed of light) then students can calculate the distance from the GPS to the satellite by using



distance = speed / time or 300,000km/s / 1s = 300,000km for Satellite 1, 300,000km/s / 3s =
100,000km for Satellite 2, and 300,000km/s / 6s = 50,000km for Satellite 3. They can then
simplify these distances to 30cm, 10cm, and Scm and draw the triangulation circles to pinpoint
where the GPS is.

A further challenge for the students is to have student 1 pick a point on a map and, working in
groups of 2 or 3, tell their group mates how far their point is from various major cities, without
revealing where their chosen spot is. The other group members can then use this information to
pinpoint where on the map student 1 has chosen.

Technology Integration: students can also use a tool like GeoGebra or Desmos to create
triangulation circles with different radii (just make sure to note that they need to set the radii
using the location where the GPS actually is, or their circles won’t line up — see example in the
teacher video). They can also try this with three spheres, but this is a bit trickier to set up.

Resources

Learn More About GPS Signals: https://www.sciencenewstoday.org/the-physics-behind-gps-
how-satellites-help-you-navigate

Indigenous Connections:
- Look up various reserves in Northern Ontario and Northern Quebec and see how to travel
to them.

- Fort Severn is a good choice. Typing it into Google Maps will show where it is
located. Clicking on Directions will tell you that it can’t be calculated. You can
discuss with the students why this might be. Fort Severn is only accessible via
non-traditional routes including unpaved roads, boats, and, in the winter, ice
roads. You can discuss with students the issues being in this location might cause
(like getting supplies there - meaning things cost more) and emergency care is
harder to get. In the winter, if the ice roads don’t freeze, there is no access in or
out of the reserve. What issues could this cause?


https://www.sciencenewstoday.org/the-physics-behind-gps-how-satellites-help-you-navigate
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