4-H NATIONAL YOUTH SCIENCE DAY
The 2013 National Science Experiment, 4-H Maps & Apps, explores
how geography and geographic information systems (GIS) help
people make smart decisions that improve lives, respect our natural
resources, and make a positive impact in our world.

FACILITATOR GUIDE
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4-H PLEDGE
I pledge my Head to clearer thinking,
my Heart to greater loyalty,
my Hands to larger service,
and my Health to better living,
for my club, my community, my country and my world.

INTRODUCTION
In October 2013, millions of young people across the nation will become scientists for the day during the sixth
annual 4-H National Youth Science Day (NYSD). NYSD is the premiere national rallying event for 4-H year-round
Science programming. It brings together thousands of youth, volunteers and educators from the nation’s 109
land-grant colleges and universities to simultaneously complete the National Science Experiment.
The 2013 National Science Experiment, 4-H Maps & Apps explores how geography and geographic information
systems (GIS) help people make smart decisions that improve lives, respect our natural resources, and make a
positive impact in our world.

WHY GIS?
For thousands of years, humans have created maps in order to document, explain, or describe their physical
space. Whether on cave walls, stones, silk, wood or paper, our ancestors used maps to convey information about
their surroundings.
With the development of sophisticated spatial technologies, including geographic information systems (GIS),
remote sensing (RS), and the global positioning system (GPS), we can now view our world and document what
we observe in tremendously exciting and complex ways.
GIS enables us to take any kind of spatial data — any information that has a location associated with it — and
overlay it on top of base maps with other data layers. Layering spatial data enables us to see patterns, do
analyses, and solve problems in very powerful ways.
Exposing young people of all ages to GIS through science projects such as the 4-H Maps and Apps, can help them
experience first-hand how this incredible technology can be used to solve real-world problems. It can help them
discover new interests and career options, plus give them a taste of how geography impacts human life and our
communities — today and in the future.
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THE EXPERIMENT
The 2013 National Science Experiment is an engaging geography experiment that provides youth the
opportunity to “explore spaces” with the help of geographic information systems (GIS). In two separate
activities, participants will apply geospatial thinking and use GIS to gather data, make maps, and analyze the
“whys of where” as they investigate real-world problems that are relevant to their own community.

Activity One:
Park It! Be a Layer Player
Youth will become “community designers” and
create a GIS map of their own unique vision of a
park that makes their community a better
place to live.

Activity Two:
ProblemsLayers! Let’s Talk Trash
Youth will explore how GIS layers can be used
to assess a messy situation by looking at data
plotted out on a map and propose cost-effective
solutions.

Objectives and Outcomes
• Develop an understanding of geospatial
technology through hands-on activities that
promote inquiry and elevate awareness of the
significant role mapping plays in the world.
• Apply basic GIS principles that include:
categorizing elements of the environment into
features groups, studying data by creating
layers, and using maps to solve problems.
• Practice geospatial thinking through the
application of the geographic inquiry process
and experiences with online map building and
map interpretation.
• Pique curiosity and inspire youth to pursue
other geospatial projects and potentially
geospatial careers in the future.

USING THIS GUIDE
The facilitator guide for 4-H Maps & Apps features content found in the Youth Guide as well as additional
information that can assist you in teaching and overseeing each part of the experiment.

Throughout the guide you will find:

TAKE THE LEAD

Instructions for performing specific
tasks related to the experiment.

TALK ABOUT IT

Questions that can be used to facilitate
group discussions and inquiry.

LEADER NOTES

Additional background information and
tips for facilitating each experiment.
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THINK LIKE A GEOSPATIAL SCIENTIST:
THE GEOGRAPHIC INQUIRY PROCESS
When solving problems with GIS, it’s helpful to have a framework in which to work. The geographic inquiry
process provides the necessary framework. It’s what geospatial scientists use every day to solve problems. The
geographic inquiry process features five, basic steps:

Ask a geographic question

Analyze geographic information

Think about a place or topic and think of interesting
“where and why” questions about it.

Focus on the maps and layers that seem to be
related to your questions and use what you
observe to draw conclusions that help answer your
question.

Why was our town built in this location? Why are
there so many traffic accidents at this intersection?
Why is there more garbage in some parts of our
playground and not others?

Acquire geographic resources
Gather relevant information, data and base maps.
Collect historical maps of your town. Analyze
statistics and create a layer that illustrates the
number of traffic accidents in your area over time.
Map the location of trash on your playground.

Explore geographic data
Turn your data into tables or charts and incorporate
it into your maps. Look for similarities and
differences and patterns among different places.
What natural features are closest to your town’s
oldest buildings? Do more car accidents take place
on corners without traffic lights or stop signs? How
many trashcans are there in the area where you
find the most garbage?

Are most of your town’s original buildings placed
next to a body of water or a railroad line? Do you
see any patterns in where car accidents occur?
Does your map offer any evidence as to why trash
accumulates in certain places?

Act upon geographic knowledge
Now that you have geographic pictures that
illustrate your information it becomes easier to
make and support conclusions. Use what you’ve
learned to address the issue or problem.
Why do YOU think your town is located where it is?
Would a traffic light at a certain intersection help
reduce car crashes? Do you think providing more
trash cans in areas that collect the most garbage
could make a difference?

LEADER NOTES
As part of the 2013 National Science Experiment, participants will use this
geographic inquiry process to carry out the 4-H Maps and Apps.
In addition, the framework is used as the debriefing tool for both activities. Take
some time to become familiar with it. Introduce the idea to youth by comparing it
to the Scientific Method used by scientists or the Engineering Design Process used
by engineers. This is a way that GIS professionals structure their work.

LET’S BEGIN THE

EXPERIMENT!
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4-H MAPS & APPS
PUT GEOGRAPHY

TO WORK!

T H E E XPE RI M E NT
Getting Started
GIS: A Different Way To See The World
The Power Of GIS
Break It Down: The Anatomy Of A GIS Map
The Big And Small Of Scale
Let’s Talk Layers
Location, Location, Location
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GETTING STARTED
TAKE THE LEAD

TALK ABOUT IT

Explain before starting these
activities that it’s helpful to talk
about GIS and maps in general.

Start by asking youth what they
know about GIS.
What ideas do they have about
how it is used to solve problems?

GIS: A DIFFERENT WAY TO SEE THE WORLD
A geographic information system (GIS) is a system designed to organize, analyze, display, and share all types of
geographic data. It uses hardware (computers), software (programs), spatial data (information) and a curious
mind (you!) to collect information, identify patterns, and gain new insights about the world and human activity.
Spatial data, or geographically-referenced information, is any information that can be associated with a
location and placed on a map. For example, spatial data could be an area’s population density, its frequency of
earthquakes, the median income of its residents, types of trees, and the location of recycling centers.
The ”and” in the last sentence is important. One of the most powerful features of GIS is that it allows a variety of
different types of spatial data to be incorporated and analyzed on the same map.

THE POWER OF GIS
GIS maps help answer questions and solve
problems by creating visual pictures of data that
can be quickly understood and easily shared.
For example, a GIS map that shows population
density and the number of earthquake locations
could be used to:

• Help emergency responders predict
how future earthquakes may affect
people in a specific area.

TALK ABOUT IT
What are some other ways
you think we could use GIS
to solve problems in our own
community?

• Assist architects and city planners in
identifying regions that might benefit
from building codes for earthquake
zones.
• Enable local and national
governments to evaluate an area’s
exposure to the risk of an earthquake
and develop appropriate mitigation,
recovery, and response plans.
Maps made using GIS technology might have
been used to decide what route your school bus
should take each day, which street corners in your
community need traffic lights, or what products
your neighborhood store should carry.
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BREAK IT DOWN: THE ANATOMY OF A GIS MAP
TAKE THE LEAD
Familiarize yourself with the GIS
maps in Appendix A. Although
many of the details are small,
the map has good examples
of seven map elements: title,
sources, scale, directional arrow,
geographic features, labels, and
a key or legend.
The scale of this map is 1:24,000
which means 1 inch equals
24,000 inches or 1” = 2,000 feet.
The latitude reading on the lower
left hand corner is 40°(degrees),
37’(minutes) 30”(seconds) and
the longitude is 103°15’.

A feature is a representation of real-world objects—
buildings, cities, roads, rivers, and states—on a map.

GIS maps use 3 special kinds
of features:
Point features, or things represented by a single
point, maybe a house, tree or trash can depending
on the area represented by the map;
Line features such as roads and rivers;
Polygon features, like fields, lakes and buildings.
These features are what we call “scale dependent”.
For example, a map of the U.S. will show Denver as a
point, but a map of Colorado counties might show it
as a polygon.

POINT
LINE
POLYGON

As a group, look at the USGS Map (Appendix A).
Often GIS maps, like other maps, represent features
on the Earth. Most maps have common elements
such as a title, a scale bar, compass rose, source,
labels, legend, and geographic features. Let’s learn
a little more about these.
What familiar elements do you see on this map?

Some maps use symbols (maybe a flag or pushpin)
to show a feature’s location. A symbol is a picture
on the map that represents something in the
real world. A key or legend is used to explain the
meaning of each of the symbols used in the map.

TALK ABOUT IT
What different kinds of features
do you see on the map?
Give some examples of point,
line and polygon features.
What does the map’s legend
tell you?

LEADER NOTES
Make sure that youth
understand the concept
of point, line and polygon
features. The feature layers in
the activity use these feature
classes.

THE BIG AND SMALL
OF SCALE
Scale describes the relationship between
the size of something on a map and its
size in real life. Large-scale maps depict
a small area (such as a school yard or
neighborhood) in great detail. Smallscale maps cover large areas (such as a
city, state, country, or world) and show
more general information.

TALK ABOUT IT
Is this USGS map a large-scale or
a small-scale map?
When would it be helpful to use a
large-scale map? When would a
small-scale map be useful?
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LET’S TALK LAYERS
Most GIS maps begin with an existing base map.
A base map is a map that provides background
reference information—such as roads, political
boundaries, or landforms. It shows the underlying
geography of the region being studied and
provides a platform upon which all of your
other data can rest.
On top of the base map, you can add additional
layers that contain information about different
kinds of features associated with that area.
Features that are related can be grouped together
and mapped as a layer. For example, all of the
parks in your community might be one layer and all
public buildings might be another.

TALK ABOUT IT
What kind of layers do you see
on the map?
What other kind of layers might
be helpful on this map?

STREETS
LAND USE
ADMIN AREAS
HYDROGRAPHY
ELEVATION
IMAGERY

Layers can be placed on top of each other to reveal
relationships that might not be easily visible or
even noticed otherwise.
Look at the pictures of the Map Layers (Appendix A)
and notice how the map on the first page is created
by placing each of these layers over one another.

LOCATION, LOCATION, LOCATION
To see how features are geographically related, we need to be able to identify exactly where they are. Grids, also
called coordinate systems, are a way to define locations. You may be familiar with an x/y coordinate system
from your math classes at school or a number and letter gird from the game Battleship. The coordinate system
that most maps use is latitude and longitude. Latitude is a geographic coordinate that specifies the north-south
position of a point on the Earth’s surface (y-axis). Longitude is a geographic coordinate that specifies the eastwest position of a point on the Earth’s surface (x-axis).

As long as your data is spatial, in other words, related to a place—for example, by
using latitude and longitude or associated with a specific city or state—it can be
layered with other spatial data from the same area.

TALK ABOUT IT
Why is having a grid layer on a
map useful?
Look at the lower left hand
corner of the USGS map. What
is the approximate latitude of
Sterling?
What is its longitude?

READY TO

GET STARTED?

LET’S GET
MAPPING!
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ACTIVITY ONE

PARK
IT!
BE A LAYER PLAYER

INTRODUCTION
Why are natural features, for example, rivers or deserts, where they are? How do
people decide where to put roads, signs, or playgrounds? These are questions
that require geospatial thinking. In this activity, you will become a “community
designer” and create a GIS map that illustrates your team’s own unique vision of
a park that makes your community a better place to live.

TIME REQUIRED: Part One - 40 minutes, Part Two - 40 minutes
MATERIALS - FOR EACH TEAM YOU WILL NEED:
• 1 Base Map of Park Site with 30x30-inch grid of 1-inch squares and a small hill
• 8 clear vinyl sheets the same size as the base map, with a grid and each
labeled with the name of an individual feature layer
• A set of feature layer cards (Appendix B)
• 1 set of 8 dry erase crayons
• 8 binder clips
• Scrap paper and pencil for each youth
• 3x5-inch sticky notes

LEADER NOTES
Part Two is an optional activity for groups in which more than one
map design has been developed.
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PART ONE
TAKE THE LEAD
Plan on 30 minutes set up time.
Read through the activity to
become familiar with each step.
If you are making your own kits,
print the base map and prepare
the clear vinyl sheets.
Collect scrap paper and pencil
for each youth

Your challenge
Your community has just acquired a vacant
lot about 8 acres in size with a small hill. Your
Community Planner wants to repurpose the lot
into a park that everyone can enjoy. She wants to
involve citizens in the planning process and has
invited community members to submit their vision
of a park they feel would do a great job meeting
your local needs. Your team has decided to submit
a plan. However, in order to share your vision with
your community, you must create a GIS map
of your idea.

ON THE JOB
“ No matter how large or small your community, as a planner you
deal with spatial information such as parcels, zoning, land use,
addresses, transportation networks, and housing stock. You also
monitor multiple urban and regional indicators, forecast future
community needs, and plan accordingly to help improve the
quality of life in your community. ”
- Milton Ospina, ESRI Urban and Regional Planning and Economic Development Solutions Manager

TAKE THE LEAD

LEADER NOTES

Tear the Feature Layer card
sheets out of Appendix B. If you
are going to have more than one
group, photocopy the cards onto
card stock for durability, cut
cross-wise into individual strips.
(They are called cards, but they
will look more like strips.) Each
“card” will have the name of the
feature layer and some examples
of features that fit this category.

If you have a large group, divide
into teams of 8-10 members.
Each group will need a solid
base map, 8 clear plastic feature
layer sheets, a set of dry erase
crayons and scrap paper to
record their ideas.

The task of assigning feature layers will depend on the size of each team:
• In teams with less than 8 participants, it may require that one person is responsible for
more than one layer.
• In teams with more than 8 participants, you may need to assign more than one person
to a layer.
• Suggest that each team choose a head planner to facilitate the discussion as the team
carries out its work. Then let each team member select a feature layer card for which
they will lead the planning and design process.

19

N AT I O N A L S CIENCE EX P ERIMENT 2013

STEP 1: DIVIDE AND DESIGN!
Your team is going to make a model GIS map
using a solid base map and 8 clear sheets that will
become your feature layers. Tape your base map to
the wall or lay it on a table so that the whole group
can gather around it as you work. Notice the scale
bar. Each inch on your grid represents 20 feet.

Choose a “head planner” for your team to lead
your discussions. Have each team member select
a feature layer card for which they will lead the
planning and design process.

THE 8 FEATURE LAYERS FOR THIS ACTIVITY ARE:
• Natural feature - hydrology
• Natural feature - vegetation
• Human-made polygon
features - recreation
• Human-made polygon
features - structures
• Human-made polygon
features - other

• Human-made line features roads and walkways
• Human-made point features recreation
• Natural features added by
humans – point or polygon
Each card has some examples of
the features that could be included
in that layer.

STEP 2: DESIGN WITH THE END IN MIND
As designers, it is important that you think carefully
about your concept, the general goal or theme for
your park. This is often referred to “beginning with
the end in mind.” As a team, discuss and decide
what you want your park to do for your community.
Brainstorm and record a list of things you think a
park with these goals should have.

TALK ABOUT IT
What kinds of features will best
serve your community’s needs?
What will attract people to
your park?
What kinds of activities will
it promote?

6

5

Who is it for – families,
kids, animals?

4

3

2

1
A

B

C

D

E

F

How will you make sure that
your project has a positive
impact on the environment?
What will you call your park?

NOW LET’S MAKE THAT DREAM

INTO A MAP!
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STEP 3: DETERMINE ORDER
To make your GIS model, you will need to work the
way GIS software does, by creating layers of related
features and placing them on top of each other. In
order for the layers to make sense and work together,
they have to go onto the map in a logical order. As a
team, use your base map and feature layer cards to
decide in what order you will add your layers
to the map.
Your base map already includes contour lines.
What do these represent? How high and steep is the hill?
What design opportunities and challenges does it pose?

LEADER NOTES
Call the groups’ attention to this
list and have them use the steps
to help establish the order of
layers for their map.

Look at the descriptions on each of your feature layer cards. What feature layer should come next? Does your
park have any naturally occurring water features like a pond or stream? Would the location of the hill tell you
anything about the location of the water? Will trees depend on the location of water?
Next discuss the human-made feature layers. In what order do those need to be added? Would the location of a
parking lot be decided after you know where the road is going to be? For now, just worry about the general kinds
of features on the card to determine the order. You will get to the details next.

Record the order you choose in the table:
Place a colored mark next to your layer title so you know what color each layer will be.
1
2
3
4
5
6
7
8

STEP 4: DRAW UP THE DETAILS
Once you have figured out the order for adding
layers, it’s time to design the details! Each feature
layer card has a number of suggestions. You can
use one or more of these or invent new items of the
same feature type.
Make a list of the ideas you want to include in your
layer on scrap paper. Next, as a team, review the list
of unique features you made during your “concept”
discussion. Assign each of those special features
to the appropriate feature layer. For example, if
you planned a garden, you would include it on the
“Human-made polygon features - other” layer.

Helpful tips for designing your layers:
• Before beginning to draw the layers,
go in order to have each person
describe what features will be in their
layer and where they will be added.
Will everything fit?
• Pay attention to the scale. Remember
1” on the map = 20 feet on the ground.

LEADER NOTES
After 5-10 minutes, stop and ask
for questions.
See if other teams can offer
solutions.
Remind teams to include their
special theme related features
and also be sure to make room
for everyone’s ideas!
Being respectful of each other’s
ideas as they determine the
location of each set of
features is an important part
of the process.
Send everyone back to work.

• Discuss ways to minimize possible
impacts on the environment.
• Remember that each layer depends
upon the previous layers.
• Make sure that each person’s ideas
are heard.
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STEP 5: DRAW ME A DRAFT
When everyone agrees it is time to draw, each person will select a different color dry erase crayon and make
their feature layer come to life by drawing in the features you have selected in the proper places on your sheet!
When everyone is done drawing, in the order you selected, position the layer sheets over the base map one at
a time. As each layer is added, make sure the grids line up and check how well the new features “fit” over the
previous layers. Can you see now how GIS is an important tool for determining how new things interact with
existing features? Make adjustments as needed.

LEADER NOTES
As each team is satisfied with their design, remind them to draw their features
on their layer sheets. Encourage each student to pay attention to everyone else’s
contributions because every layer is dependent on those that go before it. Each
layer should be drawn with a different color dry erase crayon.
The first two layers — the natural features, hydrology and vegetation — should go
onto the base map as quickly as possible. Once those designers get group feedback
and make appropriate adjustments, the other layers will be added one at a time,
with each designer asking the team to help decide if the features in their layer are
placed appropriately over the layers below. If needed, help team members with
these discussions.
Remind the teams to put their map title, legend, and source information on the map.

Put your park’s name and the name of your town and state where they can be seen easily on the map. Do a final
review to make sure all of the features work together to make a clear picture of the park you designed.
Clip your layers together with binder clips so they don’t move around.

STEP 6: APPLY GEOGRAPHIC INQUIRY
Together, review the steps of the
geographic inquiry process and how
they apply to your mapping experience.

Explore geographic data.
• How did you use the grid on your base map and
layer sheets as you were creating your park?

Ask a geographic question.

• What was challenging about using the grid?

• How can a park that meets community needs be
designed around existing geographic features
such as hills and water?

• Would a latitude/longitude system be
useful at this scale?

• Were there any features that had to be changed
because of the geography of the site?
• What possible effects on the environment did the
map help you identify?

Acquire geographic resources.
• How did you decide what needed to go
into each layer?
• Do you think working as a team made this activity
harder or easier? Why?

Analyze geographic information.
• How did creating your map in layers let you do
things that might have been harder if everyone
was just trying to draw their own ideas on one
map?
• Do you think a map made by a team in another
part of the country will look similar to yours? Why
or why not?

Act upon geographic knowledge.
• Think about a local park, playground, or other
open area in your community. How could a map
of this kind be used to make improvements to
that area?
• How could sharing maps let the community get
involved in planning a project?

STEP 7: POST YOUR PARK DESIGN
If you just have one group making a map, help youth photograph their map and post the
image on the 4-H National Youth Science Day photo gallery at

www.4-H.org/NYSD
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PART TWO
For Groups with More Than One Map
If your group has created two or more maps, you may want to conduct a Map Gallery Walk to help participants
narrow down their options and create a single park design.

STEP 1: PREPARE FOR A MAP GALLERY WALK
TAKE THE LEAD
Have teams post their maps around the room.
Then bring the group back together and explain that one way planning
professionals use GIS to get citizen feedback on their plans is by posting GIS
maps both online and around the community and asking for people’s comments.
(also known as crowdsourcing).

In this digital age, much of this input can be done using social media tools like Facebook or Twitter.
You are going to simulate crowdsourcing feedback by going on a “Map Gallery Walk” and composing 140
character “tweets” about each of the maps created by your group.

STEP 2: PROVIDE FEEDBACK WITH A TWEET
TAKE THE LEAD
Give each team sticky notes.
Tell them to look at all of the
maps and create one or two
“team tweets” (not more than
140 character messages) per
map that provide positive
feedback and/or questions
about the other designs.

As a team, visit each map. Using your sticky notes,
create one or two “team tweets” (140 character
messages) per map that provide positive feedback
and/or questions about the design. Stick your note
next to the map.

LEADER NOTES
You may want to demonstrate
how to count characters in case
youth are not familiar with
tweeting.
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STEP 3: REVIEW AND REFLECT
TAKE THE LEAD
When the Gallery Walk is complete, each group should return to their map and
review the comments they received. Have them think about how to present their
map in a way that clarifies the questions and comments they received.
Bring the whole group back together to discuss the various designs. Encourage
participants to provide proactive, constructive comments.

TALK ABOUT IT
If you were the Community
Planner, which design would
you choose?
What are some of your favorite
features?
Could these be assembled to
create a new composite map?

When the Map Gallery Walk is
complete, review the team tweets
and feedback about your map.
Plan a short presentation about
your map that answers the
questions you received.

STEP 4: POST YOUR PARK DESIGN
Whether you choose to submit one of the designs, or create a new
map that incorporates various features, help participants finalize their
design, photograph their maps and post the map on the
4-H National Youth Science Day photo gallery at www.4-H.org/NYSD.

UPLOAD PHOTOS
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ACTIVITY TWO

PROBLEM

SLAYERS
LET’S TALK TRASH

INTRODUCTION
How can GIS be used to help clean up a messy situation? In this activity, youth
will use GIS layers to assess the trash problem of a small community by looking at
data plotted out on a map and propose cost-effective solutions.

TIME REQUIRED: 30 - 40 minutes
MATERIALS - FOR EACH TEAM YOU WILL NEED:
• Base Map of the City of Sterling, Colorado (Appendix C)
• 7 – 8 ½ x 11-inch sheet protectors (one for the base map, one for each trash
layer, one each for location of trash receptacles part 1 and 2
• 4 feature layer sheets printed with a grid and name of each feature layer
(Appendix B)
• The 4 feature layers for this activity are:
• Plastic bottles
• Aluminum cans
• Paper goods
• Non-recyclable trash

• 4 copies of the Trash Data Chart (Appendix C)
• 1 set of 8 dry erase crayons
• Binder clips or tape

TAKE THE LEAD
Plan on 30 minutes set up time.
Prepare and label grids for each group. If there is more than one group
make copies of the trash grid sheets.
Make 4 copies of the Trash Data Chart for each group
Familiarize yourself with the instructions, the map and the coordinate
system on the layers of Trash Data Chart so that you can assist youth
in plotting data points.
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ACTIVITY TWO
Your challenge
The mayor in the City of Sterling, Colorado has
asked for your group’s expertise to help resolve
a messy situation. In this city, the middle school,
high school, recreation center, and fairgrounds are
all located close together. Whether it’s the county
fair, a Friday night football game, or a special
community event, this area sees a lot of traffic —
and a lot of trash.
The city has already picked up the trash and
recorded where everything was using a grid. To help
reduce the amount of trash this area sees in the
future, the mayor would like to install recycling and
trash receptacles throughout the area and wants
your help in determining the best location for them.

LEADER NOTES
This may be a good time
to review coordinates and
how they are used to plot
information on a map.
In this activity, students
will plot information out
using Y-coordinates (which
correspond to letters on the
map grid) and X-coordinates
(which correspond to numbers
on the map grid).
In many situations there will be
more than one piece of trash
that was found at the same
coordinate – reinforce each
team that they need to plot
every individual piece.
Suggest they create different
symbols – or use different
colors - to indicate the different
types of trash found in each
coordinate.

STEP 1: START PLOTTING
Team up in groups of 4. Using the information listed on the Trash Data Chart you will plot the location of plastic
bottles, aluminum cans, paper goods, and trash that cannot be recycled on the grid provided.
Divide into the 4 “trash groups”. Each of the “trash groups” will place their map grid into a sheet protector and,
using the Trash Data Chart, plot data points onto the sheet protector to make a “trash layer”. Use a different
color for each type of trash. Many of the coordinates have multiple data points; it is important to plot them all so
that you have an accurate picture of how much trash is accumulating in each spot.

STEP 2: COMPARE INFORMATION
When the points are plotted, compare your layer to the base map. Once you see the features on the base map,
are there trash dots that need to be moved a bit with the square so that they don’t land inside buildings? Adjust
as needed, but be sure to stay inside the square.
Remove the feature layer sheets from the sheet protectors and place all 4 sheet protectors in a stack over the
base map. Clip together with binder clips or tape around the edges.
Analyze your data. What observations can you make about the locations of the trash?

TALK ABOUT IT
What areas seem to accumulate the most trash? Why do you think this happens?
How do different factors such as precipitation and wind impact where and how
trash collects?
This section of Sterling does not have any waterways, but think about an area
that does have a waterway running through it. How might trash that collects
near waterways enter the water and flow downstream? What impacts could that
trash have on reservoirs, major tributaries, and ultimately the ocean?
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STEP 3: CLEAN IT UP
Place a blank sheet protector over the layers. As a team, identify the areas where you feel a trash/recycling
receptacle should be placed and plot them on the blank sheet protector.
In this step, assume that each receptacle has a place for plastic bottles, aluminum cans, paper goods, and trash
that cannot be recycled. You can also assume that you can place an unlimited number of receptacles
throughout the area.
Compare your map with the other groups.

STEP 4: MEET WITH THE MAYOR
After reviewing your proposed solutions, the Mayor came back to your group with
some additional (and important) information — how much the city is willing to
spend on this project.
The city has approved $300 to spend on trash/recycling receptacles for this area.
A receptacle that can accommodate all four types of trash costs $100. Individual
receptacles that hold only one type of trash cost $30 apiece.

STEP 5: DRAW UP A NEW PLAN
How is your current plan impacted by the city’s budget? Using a new blank sheet protector and a different
colored crayon, update your new plan so that your total cost for trash/recycling bins does not exceed $300.

STEP 6: APPLY GEOGRAPHIC INQUIRY
Together, review the geographic inquiry process and discuss
how it applies to this activity.
1. Ask a geographic question.
• How will knowing the location of different kinds of trash help to make the city cleaner?

2. Acquire geographic resources.
• What areas seem to accumulate the most trash?

3. Explore geographic data.
• Are there geographic features that seem to affect the accumulation of trash? How?

4. Analyze geographic information.
• How did knowing the location of different kinds of trash help you to make a plan for placing the
receptacles in the first part of the activity?
• What kind of changes did you have to make in your second plan?
• Do you think both plans will work equally well?

5. Act upon geographic knowledge.
• Planners often do a cost/benefit analysis to help them find a balance between the best outcome and
an affordable outcome. How does the concept of cost/benefit apply to this activity?
• What are some other kinds of problems that could be analyzed using a GIS map?
• What are some areas in your own community that could benefit from a mapping project using GIS?
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APPENDIX

APPENDIX A – MATERIALS FOR GETTING STARTED
USGS Map
Map Details

APPENDIX B – MATERIALS FOR ACTIVITY ONE
Base Map for Park Site
Examples of Feature Layers

APPENDIX C – MATERIALS FOR ACTIVITY TWO
Base Map of the City of Sterling
Trash Grid Templates
Trash Data Chart
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Example Maps
Look carefully at this USGS Map to see examples of many of the elements of a good map. Although many of the
details are small, the map has good examples of seven map elements: title, sources, scale, directional arrow,
geographic features, labels, and a key or legend. The scale of this map is 1:24,000 which means 1 inch equals
24,000 inches or 1” = 2,000 feet. The latitude reading on the lower left hand corner is 40°(degrees), 37’(minutes)
30”(seconds) and the longitude is 103°15’.
What layers can you see in this map.
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Look at each of the layers as they look when each stands alone.
How do the layers work together to show the relationships
between different features in the complete map?
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FEATURE LAYER CARDS
Natural feature: Hydrology
naturally occurring stream, river, pond, or wetland

Natural feature: Vegetation
trees, shrubs, grass, wetland plants that grow here naturally

Human-made: Polygon features - Recreation
(a polygon is a regular or irregular shape like the outline of a wading pool or playground)
pool, playground, tennis court, track, horseshoe pits, wading pool

Human-made: Polygon features - Structures
picnic shelter, bathroom, band shell

Human-made: Polygon features - Other
parking lot, flower bed, gar-den, riding ring, fountain

Human-made: Line features
roads, paths, trails

Human-made: Point features - Recreation
picnic tables, benches, pieces of playground equipment

Natural Features Added by Humans: Point or Polygon
trees, pond, wetland, grassy areas
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BASE MAP OF STERLING, COLORADO
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LAYER ONE: PLASTIC BOTTLES
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LAYER TWO: ALUMINUM CANS
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LAYER THREE: PAPER GOODS
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LAYER FOUR: NON-RECYCLABLE TRASH
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TRASH DATA CHARTS
Layer 1: Plastic Bottles

Layer 2: Aluminum Cans
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Layer 3: Paper Goods

Layer 4: Non-Recyclable Trash
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GLOSSARY
attributes — non-spatial information about a

geographic feature in GIS, for example attributes of
a river might include name and length*

base map — a map showing background

reference information such as roads, political
boundaries or landforms onto which specific
information is added.*

cardinal directions — North, South, East, West.
cartographer — a person who makes maps.
contour lines — lines on a map that indicate

elevation. Usually there is a 10-foot rise in elevation
between each line. Lines that are close together
indicate a steep elevation. Lines that are further
apart indicate gentler slopes.

coordinates — a set of values that define the

location of a point or line in space relative to other
points. Cartesian coordinate systems use x and
y values (and sometimes z in 3D systems) and
geographic coordinate systems use latitude and
longitude to locate points.

crowdsourcing — to use information

contributed by the general public to a project.

feature — a representation of a real-world object
on a map.*

feature layer — A group of features with a

common theme drawn together on one map layer.
Note: In ArcGIS the term “feature layer” has a more
precise, technical definition.

geographic information system (GIS) —
an integrated collection of computer software and
data used to view and manage information about
geographic places, analyze spatial relationships,
and model spatial processes. A GIS provides a
framework for gathering and organizing spatial
data and related information so that it can be
displayed and analyzed.*
global positioning system (GPS) — a

system of radio emitting and receiving satellites
used for determining positions on the earth. The
orbiting satellites transmit signals that allow a GPS
receiver anywhere on earth to calculate its
own location through trilateration.*

grid — a network of horizontal and perpendicular
lines, uniformly spaced, for locating points on a
map or chart by means of a system of coordinates.

ground truthing — the process of sending a
person out to a place that is listed on a map to
verify that data collected remotely is actually in the
correct place.
hydrology — the study of water including its

location and movement on and below the surface
of the earth.*

latitude — a geographic coordinate that specifies
the north-south position of a point on the Earth’s
surface from the equator.

layer — the visual representation of a geographic

dataset in a digital map environment. Think of a
layer as a horizontal slice of the geographic reality
in a particular area, more or less equivalent to a
legend item on a paper map. On a road map, roads,
national parks, political boundaries, and rivers all
might be considered different layers.*

line feature — a map feature that has length but

not area at a given scale, such as a river on a world
map or a street on a city map.*

longitude — a geographic coordinate that

specifies the east-west position of a point on the
Earth’s surface from the prime meridian.

map — a representation, usually on a flat

surface, of the features of an area of the earth.
Any representation of spatial or geographic
information.*

remote sensing — collecting information about
the environment and the surface of the earth from
a distance. Examples include aerial photography,
radar, and satellite imaging.*

scale — The ratio or relationship between a

distance or area on a map and the corresponding
distance or area on the ground, commonly
expressed as a fraction or ratio. A map scale of
1/100,000 or 1:100,000 means that one unit of
measure on the map equals 100,000 of the same
unit on the earth.*

spatial — related to or existing in space*, in GIS,

related to a location on earth.

topography — the study and mapping of land

surfaces.

x-axis — the horizontal axis of a grid along which

coordinates are measured in a Cartesian system.

y-axis — the vertical axis of a grid along which
coordinates are measured in a Cartesian system.
*Definitions taken from the ESRI GIS Dictionary,
http://support.esri.com/en/knowledgebase/Gisdictionary/browse
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