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Building Fountains
Reflective Planning
Description/Summary of Lesson:
After the teacher demonstrates a fountain made from a bottle with a straw and a balloon,
students will work in groups to research jets in fountains and their parabolic arcs. Through
this activity, students will gain an understanding of how engineers use the Quadratic
Formula, along with angle measures, to create a fountain with a parabolic arc. In addition,
students will gain an understanding of how the math processes they are going to use will
relate to certain careers in the real world, such as engineers. Using these math skills, the
students will create a fountain using various plastic bottles, straws and clay. They will build,
test and calculate various jet angles to obtain the most efficient fountain to use in a
competition. For their fountain to be successful, it must release water forming a parabolic
arc from the bottle. However, there will be a group winner based on the length of time their
fountain continues to release water using the parabolic arc. The students can test up to three
different angles on each of the three bottles to find the angle they want to compete with.
They will fill out a chart to show the data.
Essential Questions:
 What are the specific qualities that go into engineering to design a fountain with a
parabolic arc?
 How is math used in the planning stages of designing a fountain?
 What angle of the jet will maximize the water spray in the fountain?
Suggested Grade Level: Algebra and up (high school)
Approximate Time: Three days (50 minute class periods)
Teacher’s Role: Demonstrator and facilitator
Class Set-Up: Groups of three students at tables or desks put together
Success Standards:
 Students can solve real-life and mathematical problems involving angle measure.
 Students can use the Quadratic Formula in a real world application.
 Students can define the criteria and constraints of a design problem with sufficient
precision to ensure a successful solution taking into account relevant scientific
principles and potential impacts on people and the natural environment that may
limit possible solutions.
 Students can develop and use models.
 Students can engage in argument from evidence.
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Learning Purpose:
 Students will define the problem.
 Students will develop a plan to build a fountain with the longest lasting water flow
under a parabolic arc.
 Students will find the angle measure of the jet that allows the fountain to flow the
greatest length of time with the parabolic arc.
 Students will estimate the height of their parabolic arc.
 Students will use social, interaction skills for completing projects with peers.
 Students will chart and graph their fountain times.
Vocabulary:
 Quadratic
 Parabolic Arc
 Launch Point
 Landing Point
 Maximum Height
 Jets
 Vertex
Math Practices:
 MP 1: Make sense of problems and persevere in solving them.
 MP 3: Construct viable arguments and critique the reasoning of others.
 MP 4: Model with mathematics.
 MP 6: Attend to precision.
Depth of Knowledge:
 DOK Level 3: Strategic Thinking
Materials:
Teacher Materials
 1-Liter Bottle, Straw, Scissors, Balloon, Clay, Water and Plastic Bin for the
Demonstration
 Challenge Letter to Students
 Copies of Rubric
 Exit Slip
Student Materials
Student groups need empty plastic bottles of various sizes (16 and 20 ounce, 2-liter) and a
zip-lock bag with the following items:
 3 Straws (regular)
 Non-Drying Clay
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3 Round-Shaped Balloons all the same size (one per student so they have their own
balloon to inflate)
Water
Plastic Rectangular Tub or Aluminum Cooking Pan
Timer
Three 2-Liter Plastic Bottles
Scissors

Summary of Tasks/Experiences
Spark Activity: Teacher demonstration











Take one of the empty water bottles and ask, "What is in the bottle?" (Guide someone
to answer air if needed.) Then, blow up a balloon and ask, “What is inside the
balloon?” (Guide someone to answer air if needed.)
Place the mouth of the balloon over the empty bottle without letting too much air
escape. Ask, "Why isn't the balloon going down?" (Explain the balloon is not going
down because the bottle is full of air so the air inside the balloon has nowhere to
escape.) Remove the balloon.
Using scissors, carefully poke a hole in the empty bottle just big enough for a straw to
poke through and seal it with clay. Pour water into the bottle until it reaches to the
top of the straw.
Ask, "What do you think will happen if I replace the inflated balloon back on top of the
bottle?” See if anyone can say the water will be forced out of the bottle through the
straw.
Blow up the balloon, hold it closed and put the mouth over the top of the bottle. Let
go, and a fountain should have been created.
After doing research, tell the students they are going to make a fountain. Students will
time how long their fountain sprays water and compare the results with the other
groups in the classroom.

Lesson Descriptions:
Introduction: Day 1
 Teacher demonstration and discussion.
 Students break into groups and begin research on jet angles and creating parabolic
arcs on computers and electronic devices.
Day 2 and 3
The students will:
 continue research on computers or student electronic devices to learn about
fountains and parabolic arcs.
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begin making, testing and graphing fountain spray times.
select their best fountain for competition.
complete their letter to the MERK Fountain Company.

Teacher facilitates class asking guiding questions as students work in groups:






Is the shape positive or negative?
Where is the vertex?
Where on the graph is its slope zero?
Where on the graph is its slope positive?
Where on the graph is its slope negative?

Day 4:
The students will:
 test their selected fountain for competition against each group.
 complete their exit slip (If needed, students can finish for homework and turn in the
next day).
Student Engagement
Social/Emotional Engagement: Students will use social, interaction skills for completing
projects with peers.
Physical Engagement: Students will collaborate while completing research regarding
fountains with parabolic arcs through the use of electronic devices and discourse while
working in groups of three.
Cognitive Engagement: Students will work together using math concepts such as angles
and the Quadratic Formula to complete their task.
Evidence of Learning
Checks for Understanding/Expected Outcomes:
 Students will build their fountains.
o The structure should expel water in a parabolic arc and be able to be timed.
 Students will be evaluated using the included rubric.
o The rubric should be given as a guide to help students as they write their
explanations and make their designs for the type of fountain they are making.
 Students will complete the letter to the MERK Fountain Company.
o The information sheet should have the fountain angles, arc heights and times
listed in the chart.
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o They must include an explanation of why they are going to build that type of
fountain.
Students will complete an exit slip.
o The exit slip will allow the students to show they did some reach as requested
and reflect on their success or lack thereof.
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Building Fountains
RUBRIC

CATEGORY

Plan

Research

Construction

Modification/
Testing

Function

Group Member

4

3

2

1

Plan has
measurements and
times.

Plan has
measurements and
some of the times.

Plan has some of the
measurements and
some of the times.

Plan does not show
measurements or
times.

Research shown with
much detail about
the needs for an
effective fountain.

Research shown with
some detail about
the needs for an
effective fountain.

Research shown with
little detail about the
needs for an effective
fountain.

Research shown
with little to no
detail about the
needs for an
effective fountain.

Great care taken in
the construction
process so that the
fountain is
functioning properly.

Construction was
careful and accurate
for the most part, not
all fountains created
an arc.

Construction
accurately followed
the plans, but none of
the fountains formed
an arc.

Construction
appears careless or
haphazard. No
fountain worked.

Clear evidence of
troubleshooting,
testing and
refinements based on
scientific principles.

Clear evidence of
troubleshooting,
testing and
refinements.

Some evidence of
troubleshooting,
testing and
refinements.

Little evidence of
troubleshooting,
testing or
refinements.

All fountains function Most fountains
extraordinarily well. function well.

At least one fountain
functions well.

Flaws in function,
incomplete or
unable to make a
fountain.

The student worked
well with team
members throughout
the entire course of
the project and was
present in each day.

The student worked
with team members
on some of the project
and was present each
day.

The student worked
with team members
only slightly
throughout the
project and was
absent.

The student worked
well with team
members throughout
most of the project
and was present
each day.
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Challenge Letter to Students:
The MERK Fountain Company is looking for a new water fountain design to be placed in the
lobbies of a new hotel chain. The fountain selected will be based on which angle of measure
allowed the jet to create the water flow of both the slowest fountain and highest parabolic
arc for beauty purposes. Your group is to create a model of a fountain that will resemble this
requirement safely and efficiently. If your fountain is selected, we will have our engineer
team scale your design to meet the needs of the space we have to work with. We will only
consider fountains with parabolic arcs.
To enter our bid, your team must have won the class completion that met the qualifications
listed above.
We encourage you to research fountains and their parabolic arcs. Then, using your materials,
design and test the fountain you will use for class competition. You may test up to nine
different angle measures.
You must explain and defend why your team has selected to build this jet angle according to
the jet angle measure. Be sure to include why this would be the most efficient model to build.
Show your data collection to back up your findings.
Team Members:
Explanation:

Chart:
Bottle

Jet Angle
Measure 1

Arc
Height
1

Jet Angle
Measure 2

Arc
Height
2

Jet Angle
Measure 3

Bottle 1
Bottle 2
Bottle 3
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Arc
Height
3

Building Fountains
Exit Slip
Name:
Upon completion of this lesson you are to answer the following:
1. When the water came out the jet, what angle measure did you find maximized the timed
length of the water spray for the fountain?

2. Compile a list of suggested improvements on your design of the fountain your team built.
If your fountain did well, what made it a success?

3. The particular arc is determined by the jet's angle and the speed at which water leaves
the jet. True or False?

4. The maximum height of the parabolic arc would occur along the axis of
__________________
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ADDITIONAL TEACHER INFORMATION:
Explanation to MERK Fountain Company:
Answers will vary, but should be accepted based on evidence, research, tested
fountains and student collaborations.

Answers to Exit Slip:
1. Answers will vary but should include: “between 50° and 60°”
2. Answers will vary depending on success and failure of their fountain. Angle measures
between 50° and 60°, amount of water in the bottle and largest size of the balloon
should help.
3. True
4. Symmetry
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