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FOOTPRINT is part of the STEM2D Student Activity Series. The content and layout 
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WHERE DOES THE WATER GO? 

CALCULATING A NEIGHBORHOOD
WATER FOOTPRINT
Topics: Design, Engineering, Science, Mathematics
Target Audience: Students, ages 10-14

ACTIVITY DESCRIPTION 
In this water conservation activity, students will have fun as they work in teams to 
calculate the water usage of the different households on Sunnybrook Circle, an 
imaginary neighborhood. They will discover, using the information and materials 
provided for them, if the water district has enough water to meet the demands 
or if water restrictions need to be put in place. Students will design and build a 
“pumping station” to meet the challenge of moving the water they need from 
the reservoir to their house. In addition to problem-solving, decision-making and 
creativity, students use interpersonal skills needed in STEM2D careers such as 
presenting ideas, negotiating, organizing and working as a collaborative team.

ESTIMATED TIME: 
This activity typically takes 1 hour to complete and
should be done in one session.

STUDENT DISCOVERIES
Students will:

• Participate in a team-based learning experience.
• Learn how STEM2D—science, technology, engineering, mathemat-

ics, manufacturing, and design—subjects are used in water con-
servation.

• Build important STEM2D skills, ssuch as estimation, decision-mak-
ing, and problem-solving.

• Consider STEM2D concepts including,  volume, conservation, and 
energy.

• Become aware of their own water footprint and how they can 
help conserve water. 
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• Recognize that STEM2D offers diverse and exciting career op-
portunities, including  those connected with sourcing, delivering, 
purifying, and conserving water. 

• Have fun experiencing STEM2D.

GETTING READY
Materials: Suggested materials preparation prior to the activity with students.

• Activity Leader Checklist

• Tell My Story form

• 1 Student Assessment Handout per student

• 1 Gallon water jug, filled with water 

For each team (four  students each):

• 1 Clear plastic bag containing:
o    1 Plastic syringe (60 ml)
o    5 Lengths of airline tubing (30 cm each)
o    4 Connectors
o    1 Three-way valve
o    2 Beakers (1000 ml each)
o    1 Measuring tape
o    1 Graduated cylinder (100 ml)

• 1 Sunnybrook Circle Household Description card
• 2 Sheets of white construction paper (30 cm x 45 cm)
• Crayons or colored markers
• 2 Water Usage Estimate forms
• 2 US Department of Interior Water Usage Scale sheets
• 2 Water Footprint sheets
• 4 Clear plastic cups to hold the colored discs separated by color
• Colored plastic discs, green, blue, yellow, and red

o 50 green = 1 gallon each

o 20 blue = 10 gallons each

o 20 yellow = 50 gallons each

o 10 red = 100 gallons each
• Certificates (optional), 1 per student
• Camera (optional)
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Estimated Materials Cost: 
Activity leaders can expect to spend no more than $250 
(assuming crayons or colored markers are available) in ma-
terial costs when completing this activity with 24 students 
organized into six teams of four students each. 

ACTIVITY LEADER PREPARATION

1. Read Spark WiSTEM2D. This is essential reading for all volunteers interested 
in working with youth, as it provides important background knowledge about 
STEM2D, strategies for engaging female students, and tips for working with 
groups of students. Download at STEM2D.org.

2. Review the Activity Leader Checklist for details and specific steps for plan-
ning and preparing to implement this activity. 

3. See the STEM2D Student Activities Overview for additional information.

4. Prepare in a plastic bag all the materials needed for the Pump Station.

STEP-BY-STEP ACTIVITY:
WHERE DOES THE WATER GO? CALCULATING A 
NEIGHBORHOOD WATER FOOTPRINT
Welcome and Introductions (10 minutes maximum with this age group)

• Greet the students.
• Tell the students your name and your organization/company. Talk about 

your educational and career path. Use the Tell My Story form as a basis 

 Engineering design Pump Station 
using the materials provided for this 
activity. 
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for your remarks.  Be prepared to describe your job or a typical day, 
and provide information about your background including:

• Your education – focus on secondary and post-secondary 
classes and courses

• Current work projects
• Interests and hobbies

• Why you love STEM2D, and how your work is connected.
• Write your introduction ideas here.
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                        

• Ask the students or any volunteers helping today to introduce them-
selves.

• Use Conversation Starters to learn more about the students and their 
interests.

• Discuss the opportunities that exist in the local community to support 
students as they develop their interests and personal experiences.

• Tell the students that your career is only one of the many careers avail-
able in STEM2D – science, technology, engineering, mathematics, manu-
facturing, and design.

• Explain that STEM2D careers are high-demand, high-growth careers 
and are predicted to remain in demand over the next 10 years.

• Some STEM2D careers do not require a college degree and offer young 
people exciting, high-paying opportunities.  Stress the importance of 
gaining mathematics skills and engineering practices to succeed in any 
STEM2D career.

TIPS FOR STARTING CONVERSATIONS: 
Conversation Starters are provided throughout and include ques-
tions designed to introduce students to the activity topics. Use the 
questions—modify them, or add others—to engage your students.
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Instructions (40 minutes)
• Divide the students into teams of four. You may want teacher input into 

the grouping for inclusion and diversity for this activity.
• Direct the students’ attention to the gallon of water placed in the front 

of the room.
• Ask the students how many gallons of water they think they use in a 

day.
• Go through each direct water usage category on the Water Usage 

Estimate Form and try to reach a class average estimate for each of the 
following:

o    Brushing teeth
o    Washing hands and face
o    Shower/Bath
o    Toilet flush
o    Dishwasher
o    Clothes washer
o    Drinking

• Ask the students to think of “indirect ways” water is used in their lives 
and homes which are not being calculated. Ideas may be: water for 
cooking, water in foods, and food production.

• Have them fill out their Water Usage Estimate Form. They may work in 
pairs or as a team. They should be prepared to share their estimates, so 
a class average can be calculated for each category. 

• Hand out the US Department of Interior Water Usage Scale.
• Discuss the estimated average used by the DOI (Department of the 

Interior) to determine water usage.
• How close did the class numbers come to the DOI numbers?

CONVERSATION STARTERS: 
CAREER PLANNING
• When you consider your future, what are you most excited 

about?
• Do you see yourself working with others, for a large 
     company, with your friends, for yourself?  Why or why not?
• What does the perfect work day look like to you? Are you 

outdoors? Are you working alone, or with others? Do you 
solve problems? Do you fix or build things? 
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• If there is a large number difference, ask the students to explain why 
this may be.

Calculating the Water Usage of the Springbrook Neighborhood
• Hand out one Sunnybrook Circle Household Description card to each 

team.
• Hand out 2 sheets of white construction paper to each team.
• Hand out 2 Water Footprint Sheets to each team.
• Each team should:

o    Read their Sunnybrook Circle Household Description 
card.

o    On a sheet of construction paper, draw the house as 
they imagine it on Springbrook Circle with the house 
number included.

 Students will estimate how much water pets require. 

o    On a second sheet of construction paper, draw the 
face of each family member and pets and/or other 
water usages mentioned. Leave space for recording 
the estimated number of gallons of water that each 
person or pet and other usage requires in one day. 

See example on next page: 
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o    Use the Department of the Interior Water Usage Scale 
and the Water Footprint Sheets to estimate the water 
usage for each family member, pet or usage and re-
cord that number under each face, pet or use.

o    Add up the total number of gallons of water needed 
for the household and put at the bottom of the con-
struction paper.

• J&J volunteers should visit each team as they work and ask open-ended 
questions that will lead them to problem-solving:

o    What challenges are you having in estimating the 
amount of water your household would use?

o    Did your household have any usages that were not on 
the DOI sheet? How did you estimate the amount of 
water used?

o    Do you agree with the number of gallons the Depart-
ment of the Interior says are used for each category?

o    Do you think there is any unnecessary use of water?
• When all the Teams have estimated the total gallons of water their 

household needs for a day, they need to consider the problem of get-
ting the water to their household by designing a pump station to get 
the raw water from the reservoir where it is stored (beaker 1) to the 
water district (beaker 2) where it is purified before coming through the 
water mains to the households.

•  Students may need to be introduced to the terms “criteria” and “con-
straints” in order to better contextualize the “pump station” challenge. 
Note that the criteria (goals) for this activity are:

a.   Students must move the amount of water that is needed  for 
their household from one bucket to another bucket 
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      (1 gallon = 1 ml)
 The constraints (limits) for this activity are:

a.  The buckets must be 100 cm away
b. Use only the materials provided in 

the plastic bag
• All the materials they need are in the plastic 

bag marked Pump Station. This is an exer-
cise in engineering design so there is no one 
"right way" to prepare the setup. See the 
materials list for all the items that should be 
in each Pump Station bag.

• Once the students have the pump station 
working, they must pump in milliliters, the 
number of gallons their household needs 
from the reservoir to the Water District. For 
example, if the students with Household 
Number 1167 have estimated that their 
house needs 290 gallons of water a day, that means 
the students have to pump 290 ml of water from the 
reservoir (beaker 1) to the Water District (beaker 2).

• After they have pumped the water, they can now go to the Water Dis-
trict (managed by a J&J volunteer) and receive colored discs represent-
ing the number of gallons needed for their household. Four clear plastic 
cups should be filled with the colored discs as follows:

o    50 green = 1 gallon each
o    20 blue = 10 gallons each
o    20 yellow = 50 gallons each
o    10 red = 100 gallons each

• Altogether, the colored discs equal 2,250 gallons of water. Tell students 
that the four cups filled with colored discs represent the water available 
for the neighborheed. Students will see the number of gallons of water 
(colored discs) decreasing in the clear plastic cups. 

• Discussion: Was there enough water to go around?  A 10% cut in water 
would be 2,025 gallons and a 20% cut would be 1,800 gallons, which 
could cause a water shortage. What if the available water supply was 
cut by 10%? 20%?

• Discuss what water usage restrictions might be needed for there to be 
enough water for the neighborhood in the future.

• Discuss the Pump Station design challenges in getting water from 
where it is stored to where it is needed.

• Because most of our freshwater comes from underground, ask the stu-
dents about the energy that might be needed to bring it to the surface.

 A 5-minute shower uses approx-
imately 25 gallons of water
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• Have each team pick one person to report out the work of their team, 
their household and the number of gallons of water used in a day. Re-
port any unnecessary use of water that might come under a restriction.

• As a class discuss any patterns they see in the water usage.
• Tally how many gallons each household thinks they can conserve.
• Give positive feedback after each team presentation and encourage the 

other teams to applaud their work.
• This is a good time to take pictures of each team.
• Ask to have the Household pictures displayed around the room for oth-

ers to see and compare the water usage.

Student Reflection (10 minutes)
• Distribute the Student Handout. Have the students reflect on this activi-

ty by answering the following questions:
o    What did you learn from this activity?
o    Was it fun? What made it fun?
o    Are there ways you feel you could help conserve more    

water?
o    How might you encourage water conservation in your 

community?
o    What was your biggest challenge in completing the 

activity?
o    Think back to the pumping station. What did you learn 

about moving water from one place to another?
• After a few minutes ask the students to share their thoughts. If time 

permits, have the students discuss their response to the following ques-
tion:

o    Before this activity, have you ever thought about how 
much water a household uses each day?

o    Were you surprised by the amount of water people 
use?

o    Were you surprised by the amount of energy it takes  
to move water from where it is stored in a reservoir or 
underground to where it is needed for household use? 

• Thank the students for participating
• This is a great time to present each student with a certificate that has 

been prepared ahead of time with each student name and signed by 
the Johnson and Johnson volunteer. 
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EXTENDED LEARNING
Here are a few ways to extend the learning:

1. Design a study to find out how much water is used in different ways 
within the school.

2. Are there ways your school can help conserve water?
3. Research from where your local water district receives its water. Is that 

an unlimited resource or could there be a shortage in the future?
4. Research the global water issue. How does it impact your life?
5. Students can play the game “Aquation: The Freshwater Access Game” 

found here for free https://ssec.si.edu/aquation. This game introduces 
students to the challenges of moving freshwater worldwide to where it is 
most needed.

  

ACTIVITY LEADER REFLECTION
After the activity, take a few minutes to reflect on the following:

• What went well and what could be improved?
• What would you do differently next time?
• How comfortable did you feel leading  the discussions? Do you have a better 

understanding of the STEM2D concepts?
• How useful was the information presented in the Spark WiSTEM2D to imple-

menting this activity?
• Will you volunteer for this type of experience again?

VOCABULARY:

ESTIMATE: An approximate calculation or judgment of the value, number, quantity, or 
extent of something

DEPARTMENT OF INTERIOR: The United States Department of the
Interior (DOI) The United States federal executive department of the U.S. government 
responsible for the management and conservation of most federal land and natural 
resources among other responsibilities

WATER FOOTPRINT: A measurement of the amount of water used to produce each of 
the goods and services we use and humanity's appropriation of freshwater in volumes of 
water consumed and/or polluted

RESERVOIR: A large natural or artificial lake used as a source of water supply.
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Resources and References

• US Department of Interior:
https://water.usgs/gov/edu/ga-home-percapita.html

Smithsonian Science for the Classroom™
How Can We Provide Freshwater to Those in Need? is part of a new curriculum 
series developed by the Smithsonian Science Education Center. It is aligned to a 
subset of 5th grade NGSS performance expectations, with a focus on engineer-
ing design. In this module, students will explore the topic of water scarcity and 
the various ways humans have attempted to get water from where it is (such as 
groundwater) to where it is needed.

 South Sudanese children get the daily ration of water
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ACTIVITY LEADER CHECKLIST:

DID YOU . . .
 

 Read Spark WiSTEM²D? This is essential reading for all volunteers interested inworking with 
youth. It defines the STEM²D principles and philosophy and provides research-based strategies 
and tips for engaging and interacting with female students. Download at www.STEM2D.org. 

 Visit the implementation site and observe the young people? (optional) If visiting, take note of 
the following: 

 How does the site encourage orderly participation? For example, do the young people 
raise their hands when responding to questions or during discussions? How are inter-
ruptions handled? Do you see any potential problems with managing the class of young 
people? 

 What does the site do to make each student feel important and at ease? 
 How is the room arranged? Will you need to move desks or chairs for any part of your 

presentation? 
 How can you engage the site representative in your presentation? 

 Meet with and finalize the logistics with the Site Representative? 
 Confirm the date, time, and location of the activity?
 Confirm the number of students attending? Knowing this will help you decide how to 

group the students into teams, as well as the appropriate materials to purchase. 
 Recruit additional volunteers, if needed? 
 Prepare for the activity: 

 Read the entire activity text prior to implementation? 
 Customize the activity, if desired, to reflect your background and experiences, as well as 

the cultural norms and language of the students in your community? 
 Complete the Tell My Story Form, which will prepare you to talk about your educational 

and career path with the students? 
 If teams are needed for this activity, please ask the teacher in advance to organize the 

students into teams.
 Practice your presentation, including the hands-on, minds-on activity? Be sure to: 

 Do the activity; make sure you can explain the concepts to students, if needed, and that 
you know the correct answers. 

 Obtain the required materials (see the Materials and Estimated Materials Costs sections) and, if 
asked for in the Getting Ready section, photocopy the Student Handouts and Materials Testing 
Sheets. In addition: 

 Organize the materials to ensure each team has everything listed in the Materials sec-
tion—keep in mind some materials are shared among the teams. 

 Prepare the space? Specifically: 
 Make sure tables and chairs are arranged to accommodate teams of students. 
 Bring a camera, if desired, to take photographs. 

 Obtain and collect permission slips and photo release forms for conducting the activity if appli-
cable? 

 Have fun!
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STUDENT ACTIVITY SHEET 
TEACHER’S EDITION:

Student Instructions: 
Caution: copper wire ends are sharp.
1. Wrap a copper wire (cathode) around the mid-section of a zinc-coated nail 

(anode). Place the nail into the first cube (cell) on the tray and the lose end 

ANODE: The positively charged electrode by which the electrons leave an electric device

CATHODE: The negatively charged electrode by which electrons enter an electric device

CONDUCTOR (ELECTRICAL): A type of material (e.g., a copper wire) that allows for the flow of an 
electric current

CURRENT (ELECTRIC): A flow of electric charge, often carried by moving electrons in a wire or ions 
in an electrolyte

ELECTRON: A subatomic particle with a negative charge; it is the primary carrier of electricity in 
solids

ELECTROCHEMICAL CELL: A device capable of generating electrical energy from chemical reac-
tions or using electrical energy to cause chemical reactions

ELECTRODE: A conductor through which electricity enters or leaves a material

ELECTROLYTE: A substance that produces an electrically conducting solution 

ENERGY DENSITY: The amount of energy stored per unit mass or volume

ION: An atom or molecule with an electric charge due to the loss or gain of one or more electrons

OXIDATION-REDUCTION: A type of chemical reaction that involves a transfer of electrons between 
two species; oxidation denotes the loss of electrons or an increase in oxidation state whereas reduc-
tion denotes an electron gain or decrease in oxidation

PARALLEL CIRCUIT: A closed circuit in which the current divides into two or more paths before 
recombining to complete the circuit

RESISTANCE (ELECTRICAL): A quantitative measure of a material’s opposition to the flow of elec-
tric current

SERIES CIRCUIT: A closed circuit in which the current follows one path only

SHORT CIRCUIT: An electric circuit that allows a current to travel along an unintended path with no 
or a very low electrical impedanceresulting in an excessive amount of current flowing into the circuit

VOLTAGE: A quantitative measure of the potential difference in charge between two points in an 
electrical field
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