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Pilot Sites:
This unit would not be possible without the valuable feedback from our pilot sites!
Boys and Girls Club of Dorchester, Dorchester, MA
Boys and Girls Club of South Boston, Boston, MA
Boys and Girls Club of Woburn, Woburn, MA
Camp Fire Green Country, Tulsa, OK
Carl Sandburg Middle School, Alexandria, VA
Casler Academy of Excellence, Land O’ Lakes, FL
Girls Incorporated, Lynn, MA
Imaginarium Science Center, Fort Myers, FL
Neighbors For Kids, Depoe Bay, OR
Patterson Mill Middle High School, Bel Air, MD
Red Oak After School & Summer Program, Boston, MA
Ridgepoint Elementary School, Sacramento, CA
The Summit School, Edgewater, MD
Quaboag Regional Middle High School, Warren, MA
Vermont Institute of Natural Science, Quechee, VT
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Unit Map

Here is an overview of the activities in this unit and how they all fit together.
Prep Activity 1: What is Engineering?

Youth are introduced to engineering as they work in groups
to engineer a life vest for a model dog.
Prep Activity 2: What is Technology?

Youth play a quiz game to explore technologies. Then, they
are introduced to their design challenge.
Activity 1: A Leg to Stand On

Youth engineer a model prosthetic elephant leg.

Activity 2: Peck It Up

Youth engineer a model prosthetic eagle beak.
Activity 3: Creating a Prosthetic Tail

Youth engineer a model prosthetic fish tail.
Activity 4: Improving a Prosthetic Tail

Youth improve a model prosthetic fish tail.
Activity 5: Something’s Fishy

Youth select characteristics for their own fish species and
develop exhibit signs.
Activity 6: Engineering Showcase

Youth communicate their work with visitors by hosting an
exhibition.
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About Engineering is Elementary
Engineering is Elementary® (EiE) fosters engineering and technological literacy among
children. Most humans spend over 95% of their time interacting with technology. Pencils,
chairs, water filters, toothbrushes, cell phones, and buildings are all technologies—
solutions designed by engineers to fulfill human needs or wants. To understand the
world we live in, it is vital that we foster engineering and technological literacy among
all people, even young children! Fortunately, children are born engineers. They are
fascinated with building, taking things apart, and how things work. Engineering is
Elementary harnesses children’s natural curiosity to promote the learning of engineering
and technology concepts.
The EiE program has four primary goals:
Goal 1: Increase children’s technological literacy.
Goal 2: Increase educators’ abilities to teach engineering and technology.
Goal 3: Increase the number of schools and out-of-school time (OST) programs in the
U.S. that include engineering.
Goal 4: Conduct research and assessment to further the first three goals and contribute
knowledge about engineering teaching and learning.
The first product developed by the EiE program was the Engineering is Elementary
curriculum series. Designed for use in elementary school classrooms, this curriculum
is hands-on, research-based, standards-driven, and classroom-tested. For more
information about EiE, visit: www.eie.org.
In 2011, EiE began development of Engineering Adventures (EA), a curriculum created
for 3rd-5th grade children in OST environments. EA is designed to provide engaging and
thought-provoking challenges appropriate for the OST setting. More information about
EA can be found online at: www.engineeringadventures.org.
In 2012 the Engineering Everywhere (EE) curriculum was created. EE is designed to
empower middle school-aged children in OST settings to become engineers and solve
problems that are personally meaningful and globally relevant. For more information,
visit: www.engineeringeverywhere.org.
Engineering is Elementary is a part of The National Center for Technological Literacy
(NCTL) at the Museum of Science, Boston. The NCTL aims to enhance knowledge of
technology and inspire the next generation of engineers, inventors, and innovators.
Unique in recognizing that a 21st century curriculum must include today’s human-made
world, the NCTL’s goal is to introduce engineering as early as elementary school and
continue through high school, college, and beyond. For more information, visit:
www.nctl.org.
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About Engineering Everywhere
The mission of Engineering Everywhere is to create engaging out-of-school time
learning experiences for 6th-8th graders that positively impact youth’s attitudes about
their abilities to engineer. Our goal is to provide youth with personally meaningful and
globally relevant challenges that empower them to problem solve, think creatively, and
learn from one another.
The main ideas that guide the developers of EE are listed below.
We believe youth will best learn engineering when they:
• engage in activities that are fun, exciting, and connect to the world in which they live.
• choose their path through open-ended challenges that have multiple solutions.
• have the opportunity to succeed in engineering challenges.
• communicate and collaborate in innovative, active problem solving.
Through EE units, youth will learn that:
• they can use the Engineering Design Process to help solve problems.
• engineers design technologies to help people and solve problems.
• they have talent and potential for designing and improving technologies.
• they, too, are engineers.
As youth work through their engineering design challenges, they will have the
opportunity to build their problem solving, teamwork, communication, and creative
thinking skills. Most importantly, this curriculum is designed to provide a fun learning
opportunity!

Unit Goals

In this unit, youth will be introduced to engineering and the Engineering Design Process
as they work together to engineer solutions to biomechanical engineering challenges.
Youth will learn about important factors to keep in mind when designing prosthetic
devices as they engineer a model leg for an elephant and a model beak for an eagle.
They will then learn the story of Winter, a dolphin with a prosthetic tail. This will help
set the context for their final design challenge, designing a model prosthetic device for
a fish. Finally, youth will have a chance to develop the characteristics of their fish and
make an exhibit for visitors. Working with models and having youth consider what is
required for a successful prosthetic device are important goals for this unit.
By the end of the unit, youth will be ready to present what they learned about prosthetic
devices and the Engineering Design Process by sharing the engineering work they have
done.
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The Engineering Design Process
The Engineering Design Process (EDP) is the
backbone of each Engineering Everywhere
(EE) unit. It is an eight step process
that guides youth in solving engineering
challenges. Our goal for each EE unit is for
youth to understand that the EDP can help
them solve problems not only in engineering,
but also in other areas of their lives.
While there are many versions of the EDP
used in academic and professional fields
of engineering, we developed an eight step
process that builds on our five step process
used in the elementary curriculum. There are
guiding questions throughout the activities
for the educator to ask to promote discussion
about the EDP. There are also sections in the
Engineering Notebook to encourage youth to
engage in the process.
The Engineering Design Process begins with
identifying a problem that needs to be solved
and investigating what has already been done.
Next, engineers imagine different solutions
and plan their designs. Then, they create and
test their design and make improvements
based on the test results. Finally, engineers
communicate their findings to others. While the
process is shown as linear, youth may jump
around to steps as they are engineering. For
example, they may need to imagine and plan
new designs in order to improve.
To further highlight the EDP throughout the
unit, the steps are italicized in this guide. Youth
are also provided with an explanation of each
step, which can be seen in their Engineering
Notebooks. To the right is the EDP used in the
EE units.
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Activity Guide Components
An Activity Guide with step-by-step
instructions, including discussion
questions, extension ideas, and tips.

An Educator Preview with background
information, activity timing, key concepts,
materials list, and preparation.

Engineering Notebook pages that
allow youth to record findings and
reflect on their learning.
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What You Need to Know Before Teaching an EE Unit
Engineering is fun.
The EE team hears this from many OST educators and youth alike. Engineering is
really a way of problem solving—a way of thinking about the world—that is often very
fun and creative. Any time you need to solve a problem in order to reach a goal, you are
engineering.

There are no right or wrong answers.
There are often many great ways to solve the same problem. Not only is this a good
engineering lesson for the youth in your program, it is a good life lesson.

You are a guide.
As the educator, it is your role to guide youth through these activities by encouraging them
to pursue and communicate their own ideas, even if you think they might not work. Every
problem has many possible solutions and multiple ways to reach them.

Ask questions!
Throughout the activities, you can ask questions prompting youth to share their prior
knowledge, predict what they might find, or remind them of criteria that will help them as
they engineer. Asking questions like these sets your youth up to succeed and feel confident
in their ability to engineer.

It is okay to try it out!
It can be very helpful to try out the engineering challenge yourself—either beforehand or
right alongside the youth in your program as they work through the activities. This can help
you understand the challenges they might face.

Support reflection.
Each activity includes 5-10 minutes at the end for youth to communicate with their peers by
sharing their work. This gives youth the chance to discuss new ideas, think about their own
work and the work of others, and reflect on what was learned. Group reflection can help
reduce competition by encouraging youth to support each other as they move through the
Engineering Design Process.
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Engineering Notebooks
Make a copy an Engineering Notebook for each youth before
you begin working through this EE unit. Youth will use them as
directed in the Activity Guide during every activity.
The Engineering Notebook is a central location for youth to
record their thoughts and ideas as they move through the unit.
Its pages guide youth through the Engineering Design Process,
pose questions, and prompt youth to reflect on their engineering
work. The time youth spend with their Notebooks during each
activity will allow them to create a personalized record of their
engineering learning.
There are a few ways you can use the Engineering Notebook. You may want to have
groups share one Engineering Notebook as a central recording spot for all group data and
findings. This allows group members who enjoy writing and recording to do so. You may
also encourage groups to share the responsibility by having group members rotate who
records for each activity.

Alternate Prep Activities
The two prep activities, “What is Engineering?” and “What is Technology?,” introduce
youth to engineering and technology. “What is Engineering?” gives youth the chance to
collaborate, experience a mini hands-on engineering challenge, share out their designs,
and learn about the Engineering Design Process. This activity sets the stage for what they
can expect in the rest of the unit.
“What is Technology?” has youth interact with technologies, working with the definition
that a technology is any thing designed by humans to help solve a problem or meet a
need. Most youth think of technology as things that can be plugged into the wall. They do
not realize the items that they interact with everyday, including pencils, paper, and water
bottles, are also technologies. This activity introduces the definition of technology they will
refer to as they engineer their own technologies to solve the problem presented in the unit.
While the prep activities for Engineering Everywhere are unit specific, there are
alternative prep activities you can use if you would like to reinforce the concepts and
vocabulary related to these activities. You can find the alternate activities online at www.
engineeringeverywhere.org. If you have questions about these activities, please email
www.engineeringeverywhere@mos.org.
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Tips and Tricks for Teaching the Unit
Post a Daily Agenda
Giving youth a sense of the day’s activity will help them to plan ahead and manage their
time.

Facilitate Teamwork
Being able to work well in teams is an important skill for any engineer. You may want to
assign team roles to help youth if they struggle with teamwork. Possible roles include: the
note-taker, the materials gatherer, the tester, and the presenter.
This unit requires a collaborative workspace. Tables, desks, and chairs should be movable
depending on the youth needs. It is a good idea to establish a Materials Table where you
can set up materials for the day. Then, groups can be in charge of gathering their own
materials when they are ready.

Invite Others to the Engineering Showcase
The Engineering Showcase, always the last activity in the unit, is a big deal! This
is a chance for youth to highlight the engineering they have done and share their
accomplishments with others. Consider inviting families, program staff, and other youth to
come to the showcase.
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Scheduling the Activities
Each activity requires approximately 60 minutes of teaching time. We recommend that you
budget 8-10 hours in order to complete this unit, as some activities may run longer than
expected.
You can schedule this unit in several ways: once a week, several times a week, or daily. It
is also possible to group certain activities together. The chart below shows which activities
are easily taught together. Use this chart to help you plan your schedule.
Prep Activity 1: What is Engineering?
Prep Activity 2: What is Technology?
Activity 1: A Leg to Stand On
Activity 2: Peck It Up
Activity 3: Creating a Prosthetic Tail
Activity 4: Improving a Prosthetic Tail
Activity 5: Something’s Fishy
Activity 6: Engineering Showcase

Engineering Everywhere: Go Fish		
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Background
Biomechanical Engineering

The field of biomechanical engineering is a subfield of biomedical engineering. Biomedical
engineers solve problems using knowledge of biology and medicine. As part of this field,
engineers work to improve health care. Biomechanical engineers apply mechanical
engineering to biological and medical issues. Within this field, engineers work on projects
such as engineering artificial limbs, joint replacements, and designing safety equipment,
including helmets and life jackets.

Prosthetic Devices

Prosthetic devices have been used since ancient times. A prosthesis is an artificial device
used to replace a missing body part. Prostheses come in many forms, and engineers and
orthotic and prosthetic professionals are constantly developing innovative devices. People
are starting to engineer unique prosthetic devices to assist animals. Some successful
prostheses that have been engineered for animals include tails for dolphins, legs for dogs,
horses, and elephants, and fins for sea turtles.
Orthotic and prosthetic professionals and engineers create prosthetic devices. Orthotics
focuses on orthopedic braces, while prosthetics focuses on the design and fit of artificial
limbs. If youth are interested in learning more about this field, they can visit the Orthotics
and Prosthetics Career page at www.opcareers.org. Human prosthetics have come a long
way and youth may be interested in exploring new designs, which they can do by starting
with these websites:
World’s Most Advanced Bionic Limb (video) (0:00-3:14): http://tinyurl.com/a3gagj3
Basset Inspiration Series ReMotion Knee (video) (0:00-5:04): http://tinyurl.com/o7aw2rm
If youth are interested in seeing articles or videos of animals with prosthetic devices, direct
them to the following resources:
Naki’o, a dog with four prosthetic legs: http://vimeo.com/51840978
How An Injured Tortoise Rolls Now: http://tinyurl.com/3c2zh23
3-D Printing a Prosthetic Foot for a Duck: http://tinyurl.com/q2xlfdb
Prosthetics for Lucky: http://tinyurl.com/qx5l5n8
Turtle Recovers from Shark Attack with Prosthetic Fins: http://tinyurl.com/an8kp8t

Online Resources

For more information about this unit, and other Engineering Everywhere units, visit:
www.engineeringeverywhere.org.
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Vocabulary
Biomechanical Engineering: A field of engineering that uses physics and biology to
solve problems regarding health and safety.
Constraint: Factor that limits how you can solve a problem.
Criterion: A requirement of a design.
Engineer: Someone who uses his or her creativity and knowledge of math and science
to design technologies that solve problems.
Engineering Design Process: The steps that engineers use to design technologies to
solve problems.
Form and Function: The concept that the form (shape and size) of an object
determines how well that object functions (does its job).
Technology: Any thing created by people to help solve a problem or meet a need.
Prostheses: Plural of prosthesis.
Prosthesis: An artificial device that takes the place of a missing body part. Refers to
one device, and can be used without listing the specific type of device.
Prosthetic: Can be used to refer generally to a replacement body part (e.g. prosthetic
device) or can be used with the specific body part listed (e.g. prosthetic tail.)
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Materials List

This list is prepared for 8 groups of 3 youth.
Quantity
1
1
1
1
2
8
8
8
8
1 roll
1 roll
1
1 roll
1 roll
3 rolls
6 rolls
8
8 pads
16
32 sheets
35 sheets
40
50 sheets
70 sheets
100
100
100
100
100
100
200

Item
Non-Consumable Items
Engineering Design Process poster
plastic tub, large, 34” x 16” x 6”
pitcher
utility knife
hole punches, handheld
measuring tapes
rocks
scissors
stopwatches
Consumable Items
aluminum foil, 75 feet
paper towels
permanent marker
plastic wrap, 50 feet
tape, duct
tape, packaging
string
cups, paper, 8 oz.
sticky notes
plastic bags, grocery size
cardstock
construction paper, assorted colors
cardboard tubes, 9” x 1.5”
felt, assorted colors, 9” x 12”
foam, assorted colors, 9” x 12”
coffee stirrers
craft sticks
paper clips
pipe cleaners
straws, no bend
twist ties, plastic
rubber bands, assorted sizes
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Materials List (cont.)
NOT INCLUDED IN KIT

1
1
1
1

chart paper, pad
unopened can, 12 oz.

5
8
18

stencils/label materials (see Activity 5)
markers/crayons, sets
water bottles
small objects, such as balls, paper clips, etc. (see Activity 2)
tap water
optional: patterned duct tape (see Activity 5)

computer for playing videos (projector optional)
Engineering Everywhere Special Report DVD or use the link:
http://eie.org/prosthetics
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National Education Standards

ITEEA

National Science Education Standards

Science as Inquiry



Activity 6: Engineering
Showcase

Activity 5: Something’s Fishy

Activity 4: Improving a
Prosthetic Tail

Activity 3: Creating a Prosthetic
Tail

Activity 2: Peck It Up

Activity 1: A Leg to Stand On

Prep Activity 2: What is
Technology?

Prep Activity 1: What is
Engineering?

Engineering Everywhere units are written with the goal of teaching engineering skills
and critical thinking practices. Many Engineering Everywhere units also touch upon a
variety of science topics and principles. The engineering standards taught in this unit
and the science topic links in this unit are noted below.

     

Physical Science
Life Science
Earth and Space
Science
Science and
Technology
Science in Personal
and Social
Perspectives
History and Nature
of Science
The Nature of
Technology
Technology and
Society
Design
Abilities for a
Technological World
The Designed
World
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Activity 7: Engineering
Showcase

Activity 5: Something’s Fishy

Activity 4: Improving a
Prosthetic Tail

Activity 3: Creating a Prosthetic
Tail

Activity 2: Peck It Up

Activity 1: A Leg to Stand On

Prep Activity 2: What is
Technology?

Prep Activity 1: What is
Engineering?

Next Generation Science Standards

MS-ETS1-1 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.
MS-ETS1-2 Evaluate competing design
solutions using a systematic process to
determine how well they meet the criteria
and constraints of the problem.
MS-ETS1-3 Analyze data from tests to
determine similarities and differences
among several design solutions to identify
the best characteristics of each that can
be combined into a new solution to better
meet the criteria for success.
MS-ETS1-4 Develop a model to generate
data for iterative testing and modification
of a proposed object, tool, or process
such that an optimal design can be
achieved.
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Youth value their
engineering work as a
process, not just as the
end result.
•

•

Youth did most of the
•
talking, sharing their ideas
with each other during the
•
entire activity.
•

•

•
Youth were engaged and •
challenged by the activity. •
They persisted through
difficulties.
•
•

Elements of success

Youth go beyond talking about their design to
talking about how they thought of it and why
they designed it.
Youth use the Engineering Design Process to
describe their actions.

Youth bring their own ideas to the activity and
are comfortable sharing them.
Youth brainstorm and debate within their
groups.
Youth share their designs with others.
Youth talk about how their ideas are changing
over time.

Youth are on-task.
Youth are trying out their ideas.
Youth identify what is working well in their
designs.
Youth troubleshoot their own work.
Youth improve their designs.

What does this look like?

Use the bold prompts in the guide to ask youth
how they use the Engineering Design Process.
Spending time talking and thinking about their
process will help youth see the value in it.
Use the bold prompts to ask all youth about
improving their designs, even if their designs are
working well.
Encourage youth to reflect individually in their
Engineering Notebooks to give them time for their
experiences to sink in and be remembered.
•

•

•

•

•

Use the bold prompts in the guide to encourage
youth to share and explain their thinking.
Have youth collaborate in groups so they can
brainstorm and create a design together.
Use the bold prompts in the Reflect section to help
youth share their new ideas about designs.

Use the bold prompts to ask open-ended
questions to help youth troubleshoot their work.
Use the bold prompts to ask youth about what
they think is working well in their designs and
what they would like to improve. This will help
youth feel more confident about their problemsolving abilities.

•

•

•

How does the guide help me facilitate this?

How do you know if you are leading these activities successfully? This tool will help you keep track of successful moments and will ask
you to identify how your own actions enabled youth to succeed.

Self-Assessment Rubric Template

Engineering Everywhere: Go Fish		
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Youth value their
engineering work as a
process, not just as the
end result.

Youth did most of the
talking, sharing their ideas
with each other during the
entire activity.

Youth were engaged and
challenged by the activity.
They persisted through
difficulties.

Date:					
Activity:
Elements of success
Evidence: Where did I see this during the activity?

What was my role in making this happen?

How do you know if you are leading these activities successfully? This tool will help you keep track of successful moments and will ask
you to identify how your own actions enabled youth to succeed.

Self-Assessment Rubric

Dear Family,

Date: _________________

We are beginning an engineering unit called Go Fish: Engineering Prosthetic Tails, a curriculum
developed by the Engineering is Elementary program at the Museum of Science, Boston. Your youth will
be introduced to engineering and the Engineering Design Process as they work to engineer a solution to
biomechanical engineering challenges. This unit is set in a real-world context: throughout the unit, your
child will learn about real-life examples of prosthetic devices for animals and then engineer their own
model prosthetic devices.
There are many reasons to introduce youth to engineering:
• Engineering projects reinforce topics youth are learning in school. Engaging youth in hands-on,
real-world engineering experiences can enliven math, science, and other content areas.
• Engineering fosters problem-solving skills, including problem formulation, creativity, planning, and
testing of alternative solutions.
• Children are fascinated with building and with taking things apart to see how they work. By
encouraging these explorations, we can keep these interests alive. Describing their activities as
“engineering” when children are engaged in the natural design process can help them develop positive
associations with engineering, and increase their desire to pursue such activities in the future.
• Engineering and technological literacy are necessary for the 21st century. As our society
increasingly depends on engineering and technology, our citizens need to understand these fields.
Because engineering projects are hands-on, materials are often required. Several materials necessary to this
unit are listed below. If you have any of these materials available, please consider donating them to us.
If you have expertise with biomechanical or prosthetic devices or have any general questions or comments
about the engineering unit we are about to begin, please let me know.
Sincerely,

If you have any of the following materials available and would like to donate them, I would greatly
appreciate having them by the following date: ______________________ . Thank you!
____________________________

____________________________

____________________________

____________________________

____________________________

____________________________
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Prep
Activity

1

What is Engineering?

Educator
Preview

Overview: Youth will work together to engineer a model life vest that gives a model dog
the ability to float.

Note to Educator: The Engineering Design Process introduced to youth during this

activity is a problem solving process they will be asked to use throughout the rest of the
unit. The functionality of the life vests youth engineer is less important than the youth
interactions with each other and understanding that they can use the Engineering Design
Process as a tool to solve lots of different problems.

Activity Timing:
Identify:
Investigate:

5 min
10 min

Plan and
Create:

20 min

Test:

10 min

Communicate: 10 min
		55 min

21st Century Skill
Highlight:
Collaboration

Prep Activity 1 Materials
For the whole group
Engineering Design Process
poster
Dog Model Template, p. 7 of
this guide
chart paper and markers
1 large plastic tub filled with
water
1 roll of duct tape
1 sheet of foam
1 stopwatch

1 unopened can, 12 oz.
Optional: additional 12 oz. cans
For each group of 3
1 pad of sticky notes
1 pair of scissors
1 measuring tape
2 plastic bags
2 sheets of foam
3 rubber bands
For each youth
Engineering Notebook

Prep Activity 1 Preparation

1. Post the Engineering Design Process poster.
2. Fill the large plastic tub with water and place it in an area of the
room that can get wet.
3. Place two sheets of foam, two plastic bags, three rubber bands, a
measuring tape, and a pair of scissors together on the Materials
Table for each group, so they will easily be able to retrieve a set of
each.
4. Use the Dog Model Template, p. 7 of this guide, to cut a corgi
design from foam. Attach it to the can with duct tape.
5. Optional: Gather pictures of pet life vests and corgis to share with
youth.
6. Optional: Make additional dog models so groups can use them as
they create and test.

Activity 3 Pre-Preparation

1. Activity 3 requires extra preparation time to build the model fish.
Make sure to review in advance the process and materials on How
to Build the Model Fish, pp. 32-34 of this guide.
© Museum of Science
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Go Fish

Notebook Pages for Prep Activity 1
Criteria and Constraints, p. 1
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Engineering a Life Vest, p. 2
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Go Fish

Prep
Activity

1

What is Engineering?

Activity
Guide

Youth will learn:
•
•

they are engineers and they can design a technology.
the Engineering Design Process is a tool used by engineers to solve problems.

Tip: The main goal
of this activity is for
everyone to gain
experience using
the Engineering
Design Process.
Therefore, youth’s
final designs are not
as important as the
overall engineering
experience.
Tip: Show youth a
pictures of a corgi if
they are not familiar
with what the breed
looks like.

Identify (5 min)

1. Tell youth that throughout this unit they will be presented with
challenges that ask them to design things to help make the lives of
animals better. This first challenge is designed to allow them to work
together as engineers to solve one such problem.
2. Explain to youth that they have been hired as engineers to solve a
problem for a camp director who has a corgi named Champ. This
type of dog has a hard time swimming since it has such short legs.
The camp director would like a life vest made for Champ that would
allow him to play with the campers in the lake.
3. Ask youth:
• Do you think this is a problem you can help solve?
• How would you state the problem we are trying to solve?
We need to make a life vest that will allow Champ to swim in the
water.
4. Show the youth the can they will use as a model for the dog.
5. State and post the goal: Engineer a life vest that keeps the model
dog’s head above the water.

Investigate (10 min)

1. Have youth form groups of three.
2. Let youth know that engineers usually start by asking questions to
gather information about the problem they are trying to solve. Ask:
• What questions do you have about the problem?
• What do you need to know before you start?
3. Give groups a few minutes to brainstorm questions. Then, have
groups share their questions while you record them on a piece of
chart paper.
4. If youth do not ask questions about what their life vest needs to do
(criteria) or ways in which they will be limited (constraints), you might
suggest questions like:
• Are we limited by time or materials?
• How long does the dog need to float?
• Is there anything we already know about life vests that might
help us?
5. Give each youth an Engineering Notebook. Explain that the notebook
© Museum of Science
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Tip: Since this activity
requires youth to
interact with one
another, use this as
an opportunity to
learn about how they
approach problems
and teamwork.
Tip: Depending
on your group,
some youth may
be concerned that
this is a competition
that they need to
“win.” Professional
engineers learn
a lot from failures
that can help them
improve the design of
future technologies.
Throughout the unit,
both successes and
failures of all teams
will get shared with
the whole group, so
everyone can learn
from each other.

© Museum of Science
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is a place for them to record their ideas and questions about the
engineering challenges they will be working on throughout the week.
6. To answer some of the questions generated by the group, have youth
turn to Criteria and Constraints, p. 1 in their Engineering Notebook.
Have a volunteer read the information on the page. Note which of the
questions that were recorded on the chart paper are answered by the
information provided:
• Youth’s life vests must allow the model dog to float with his head
above the water for 10 seconds.
• Youth’s life vests must attach and detach from Champ as quickly
as possible.
• Groups can only use up to two plastic bags, two sheets of foam,
three rubber bands, one measuring tape, and one pair of scissors.
• The scissors and measuring tape cannot be used as a part of the
life vest.
• Groups cannot test the life vest on Champ until the designated
testing time.
• Groups have 20 minutes to engineer their design.
7. If there are questions the group generated that are not addressed
in their Engineering Notebooks, work as a group to decide on an
answer.

Plan and Create (20 min)

1. Have youth turn to Engineering a Life Vest, p. 2 in their Engineering
Notebooks. Instruct them to work with their group to respond to the
question on the top of the page and draw a plan for their life vest in
the space provided.
2. Let each group gather their materials from the Materials Table.
3. Set a timer for 15 minutes and have groups begin building.
4. As groups work, circulate around the room. Ask questions like:
• What are some ideas you imagined?
• What is challenging about engineering this life vest? There is
a limited amount of materials. We have a short amount of time.
• Why do you think your design will work well?
• Why do you think it would be important for a device designed
for animals to attach and detach quickly?
5. When time is up, have groups step away from their work and observe
the life vests that other groups created. Ask:
• What do you observe is the same about all of the life vests?
They use the same materials, some shapes are similar, etc.
• What do you observe is different about the life vests? They
use different shapes, some are bigger or smaller, etc.
6. Emphasize that every group engineered a different solution to the
same problem. In engineering, there are always multiple solutions to
the same problem.
4
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Test (10 min)

1. Have youth gather around the plastic tub to present their designs.
Ask:
• Can you explain your design?
• What do you predict will happen during testing?
2. Have each group test by attaching their life vest as quickly as
possible and seeing whether or not their life vest can keep the model
dog’s head afloat for at least 10 seconds.
3. Whether or not their life vest met the criteria, ask:
• How could you improve your design with more time?
• Why do you think that idea will improve your design?

Communicate (10 min)

Tip: If you have more
time or are able to
extend the activity,
consider giving
groups an additional
session to improve
their life vests.

1. Guide groups to reflect on the steps they took to reach their goal.
Hand out a few sticky notes to each youth. Ask:
• What are some action words that describe what you did
during this challenge? Build, cut, collaborate, discuss, etc.
2. Have youth write each action word on a different sticky note.
3. Explain that engineers use a process called the Engineering Design
Process to help them solve problems. Have youth look at the
Engineering Design Process poster. Ask:
• Are any of these terms similar to words you just shared?
• Did you use any of these steps to engineer your life vest?
4. Have youth place their sticky notes on the appropriate steps on the
Engineering Design Process poster.
5. Explain that since everyone in the room just engineered a life vest,
everyone used the Engineering Design Process!
6. Guide youth to compare their process to the graphic. Ask:
• Did you do the steps in a particular order?
• Did you return to any of the steps more than once?
7. Explain to youth that they will continue to use the Engineering
Design Process throughout the unit.
8. Give youth a few minutes to reflect on the materials and methods
they found effective by responding to the questions on the bottom
of Engineering a Life Vest, p. 2 in their Engineering Notebooks. Tell
youth these notes will be helpful to refer back to during their final
design challenge.

© Museum of Science
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Prep
Activity

1 Dog Model Template

Copy this template, cut out the pieces, and trace them onto a piece of foam. Cut out the foam
pieces and attach them to the can with duct tape. This way, groups will have to take into
account the legs and head of the dog in their designs, making the model more realistic.

head

hind legs

front legs

The assembled model will look like this with
the head placed on one end of the can.

© Museum of Science
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Prep
Activity

2

What is Technology?

Educator
Preview

Overview: Youth will learn that engineers design new technologies when faced with new

problems. Youth will play a quiz game to determine what technology is. Youth will also
watch a video that introduces the design challenges they will complete throughout the unit.

Note to Educator: Many people do not realize that engineers are the people who

design technologies. Furthermore, many people think of technologies only as things that
require electricity. This activity introduces youth to the idea that technologies are any thing
created by people to help solve a problem.

Activity Timing:
Introduction:
5 min
Technology
Trivia:
25 min
Prosthetic Devices
for Animals:
20 min
Reflect :

10 min

		60 min

21st Century Skill
Highlight:
Critical Thinking

Prep Activity 2 Materials

For the whole group
Engineering Design Process poster
chart paper and markers
computer and projector
Technology Trivia PowerPoint file
1 pad of sticky notes
For each youth
Engineering Notebook

Prep Activity 2 Preparation

1. Post the Engineering Design Process poster.
2. Make sure you are able to play the Technology Trivia PowerPoint.
Familiarize yourself with the ways of navigating between
questions.
3. If you do not have access to a computer, use the question and
answer sheet on p. 15 of this guide to draw the Technology Trivia
board on piece of chart paper. Cover each question with a sticky
note denoting the appropriate point value.
4. Watch and be prepared to show the video Engineering
Everywhere: Special Report (approximately 10 minutes):
http://eie.org/prosthetics.
5. Write the definition of prosthetic device on a sheet of chart paper:
A prosthetic device is a technology that is designed to replace the
function of a body part.
6. Copy the Prosthetic Device Reference Chart as shown on p. 10 of
this guide onto a sheet of chart paper.

Activity 3 Pre-Preparation

© Museum of Science
Engineering Everywhere

Activity 3 requires extra preparation time to build the model fish. Make
sure to review in advance the process and materials on How to Build
the Model Fish, pp. 32-34 of this guide.
9

Go Fish

Notebook Pages for Prep Activity 2
My Engineering Profile, p. 3

Chart for Prep Activity 2
Prosthetic Device Reference Chart
Criteria:
Solutions:
1. The device needs to function
like the original body part.
2. The device needs to be
comfortable to wear.
3. The device needs to be strong
and durable.
4. The device needs to be
attached easily.

© Museum of Science
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Prep
Activity

2

What is Technology?

Activity
Guide

Youth will learn:
•
•
•
•

engineers design technologies.
technologies are any things created by people to help solve a problem.
technologies can be improved over time.
their challenge will be to engineer prosthetic devices for animals.

Tip: A rock, leaf, or
any other natural
object on its own is
not a technology.
Once a person uses
a natural object as
a tool, it becomes a
technology (e.g. a
stone used to grind
corn, a stone shaped
into an arrowhead).

Introduction (5 min)

1. Explain that in this activity youth will think and learn about the word
“technology.” Ask:
• What do you think technology means? Encourage all answers.
2. Write the following on the board: Technology is any thing that is
created by people that solves a problem or meets a need.
3. Ask:
• What about this definition surprises you?
• What are some examples of technology? If youth name only
electronic modern devices, ask if they can think of non-electronic
things or common objects that solve problems or meet needs
(such as cups, shoes, pencils, etc.).
• Who do you think designs and makes technologies? If youth
are not sure, explain that engineers are the people who design
technologies.
4. Point out that they use many different technologies in their lives.
5. Tell youth they will play a game of Technology Trivia in which they
will think about the problems that various technologies solve. Then,
they will learn about the type of technologies they will engineer in this
unit.

Technology Trivia (25 min)

1. Split youth into groups of three.
2. Project the Technology Trivia game on the wall or point to the paperbased version and explain the rules. Let youth know a group will start
by picking a category. You will read the “answer” and the first group
to raise their hands and correctly provide the accurate “question” will
win the associated points. That group will then get to pick the next
category.
Tip: There may
3. Play the game.
be more than one
4. If you are using the paper-based version, erase or ‘X’ out the point
correct response for
value when the question has been answered. The electronic version
any given question
in Technology Trivia.
will automatically gray-out questions that have already been used.
Use your judgment to 5. After the game, challenge youth to name some additional
determine if a group’s
technologies and expand on their original understanding of the
response correctly
definition. Ask:
answers the question.
• Are you surprised by any of the technologies we identified?

© Museum of Science
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Tip: Some youth may 6. Remind youth that they will work as engineers to design and improve
have a loved one
upon many different technologies throughout the week.
that uses a prosthetic
Prosthetic Devices for Animals (20 min)
device. Encourage
individuals to share
1. Explain to youth that they will be focused on a very specific type of
their experiences only
technology through this unit, prosthetic devices. Ask:
if they are comfortable
• What is a prosthetic device? Encourage all answers. It is fine if
doing so.

Tip: Be sure to save
this chart, as it will be
used throughout the
unit.

© Museum of Science
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youth are not sure.
2. Post the sheet of chart paper with the definition of a prosthetic
device: A prosthetic device is a technology that is designed to
replace the function of a body part.
3. Let youth know that prosthetic devices have been made for humans
for centuries, and now engineers are beginning to create prosthetic
devices for animals as well.
4. Tell youth they will watch a short video about an engineer who
designed a prosthetic device for a dog. Encourage youth to pay
attention to how the prosthetic device was engineered. Play the video
Engineering Everywhere: Special Report (approximately 10 minutes):
http://eie.org/prosthetics.
5. After the video, ask:
• Are Derby’s prosthetic legs an example of a technology?
Why? Yes, because they were designed by Tara and they solve
the problem of Derby not being able to move around.
• What had to be taken into account during the design of
Derby’s prosthetic device? Tara needed to make sure the
device was able to function like two front legs, was able to stay
attached, and that it was comfortable and durable.
• How did Tara solve these challenges? She tried many iterations
of different shapes and materials, found different ways to attach
the device, etc.
6. Tell youth they will engineer model prosthetic devices for several
animals in this unit, including an elephant, eagle, and a fish. Ask:
• What are the most important things a prosthetic device
needs to do? The device needs to function like the body part it
is replacing, it needs to be comfortable to wear, it needs to be
durable, and it needs to be able to attach easily.
7. Post the Prosthetic Device Reference Chart and tell youth that
they will need to consider these four main criteria as they engineer
prosthetic devices for the different animals in the unit.
8. Have youth add notes to the “Solutions” column of the chart to
describe how each criteria was achieved in the design of Derby’s
prosthetic legs. Tell youth they will add to this chart throughout the
unit as they encounter additional animals with engineered prosthetic
devices.
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Reflect (10 min)

1. Have the group summarize what they learned. Ask:
• After completing this activity, how would you define the word
“technology?” Technology is any thing created by people that
solves a problem or meets a need.
• Who designs technologies? Engineers are people who create
and improve technologies.
• What technology will you be focusing on in this unit?
Prosthetic devices.
2. Tell youth they will work as biomechanical engineers in this unit.
Discuss with youth what this term means. If youth are unsure, tell
them biomechanical engineers use what they know about biology
and mechanical engineering to solve problems of health and safety.
3. Tell youth that becoming a successful engineer requires certain skills
and certain ways of thinking.
4. Have youth fill out My Engineering Profile, p. 3 in their Engineering
Notebooks, to get a sense for some of the skills they might use
throughout this unit. Some might be things they are already good at,
while others might be things they hope to work on.
5. When youth are done have them share one strength they identified
and one skill they would like to work on.
6. Let youth know they will return to this profile at the end of the unit to
see any changes.

© Museum of Science
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What is a SmartBoard?

50: This technology is
interactive and used to
display information in the
classroom.

What is a ruler/measuring
tape?

40: This technology
is used to accurately
measure lengths of
objects.

What are backpacks?

30: Many students use
these technologies, often
made of fabric, to carry
things to and from school.

What are books?

20: These technologies
are records of words
printed on to paper.

What is a pencil?

10: This technology holds
a piece of graphite that
allows you to write.

Tech in the Classroom

What is seeing in the dark?

What is solving math
problems?
50: Years ago we used
candles to solve this problem,
while today we use
electricity.

40: Now you use a calculator
to solve this problem, but
before, you would have used
an abacus.

What is finding location/
directions?

30: Years ago, a compass
solved this problem, while
today we use a GPS
device.

20: Writing letters becomes
less and less common now
that texting and email help us
with this task.
What is sending messages/
communicating?

What is a rover?

50: This technology can
explore planets and
moons. Some versions
can take pictures and test
samples of rock and dirt.

What is an ultrasound?

40: This technology uses
sound waves to create an
image of body tissue.

What is a cell phone?

30: In 1981 the first
portable version of this
technology, created by
Motorola, was approved
by the Federal
Communications
Commission.

What is a body scanner?

What is a car/train?
20: This technology is
used in many airports to
make sure passengers
do not bring dangerous
objects on board.

10: This technology uses
the burning of fuel to allow
us to travel long distances
on land.

10: Years ago, a horse and
buggy solved this problem,
while today we use cars and
planes.
What is transportation?

Hi-Tech Tech

Technology through History

What is an oven mitt?

40: This technology can be
used to handle hot objects.

What is a wheelchair?

30: This technology provides
a way for someone to move
without using their legs.

What is a hearing aid?

20: This technology attaches
to your body to amplify sound
around you.

What are glasses/contact
lenses?

10: This technology can be
used to improve eyesight.

What is the Technology?

What is a whisk?

50: This kitchen
50: This technology shakes,
technology has multiple
lights up, or emits sound to
loops, which blend
draw your attention to the time.
ingredients and adds air
to a mixture.
What is an alarm?

What is a couch?

40: This technology
provides a place to sit
and often has space for
multiple people.

What is a fan?

30: This technology uses
blades to move air.

What is a vacuum?

What is a microwave?
20: Most versions of this
technology use suction
and rotating brushes to
help you clean floors.

10: This technology,
much faster than an
oven, uses waves to
heat up food.

Technology in the
Home

Activity

1

A Leg to Stand On

Educator
Preview

Overview: Youth will engineer a model prosthetic elephant leg and test it using their own
body weight.

Note to Educator: After completing a prosthetic device design challenge, youths will

add to the Prosthetic Devices Reference chart. The chart and the knowledge gained during
this activity will support them as they start their final design challenge: engineering a model
prosthetic tail for a model fish.

Activity Timing:
Article:		
Introduction:
Create:
Test and
Communicate:

5 min
10 min
30 min
15 min

		60 min

21st Century Skill
Highlight:
Collaboration
Creativity

Activity 1 Materials

For the whole group
Engineering Design Process poster
Prosthetic Device Reference Chart from Prep Activity 2
1 roll of duct tape
For each group of 3
1 pair of scissors
1 roll of string
1 roll of packaging tape
1 ruler
1 measuring tape
2 plastic grocery bags
2 sheets of felt
5 cardboard tubes, 9” x 1.5”
5 rubber bands
For each youth
Engineering Notebook

Activity 1 Preparation

1. Post the Engineering Design Process poster and the Prosthetic
Device Reference Chart.
2. Prepare a space to test the model prosthetic elephant leg. An open
area with a piece of sturdy furniture to hold on to is ideal.
3. Place materials on the Materials Table so that each group can easily
retrieve a set of each.

Activity 3 Pre-Preparation

1. Activity 3 requires extra preparation time to build the model fish.
Make sure to review in advance the process and materials on How
to Build the Model Fish, pp. 32-34 of this guide.
© Museum of Science
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Notebook Pages for Activity 1
Chhouk’s Prosthetic Leg, p. 4

Designing a Prosthetic Elephant Leg, p. 5

Testing the Prosthetic Elephant Leg, p. 6

© Museum of Science
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Activity

1

A Leg to Stand On

Activity
Guide

Youth will learn:
•
•
•

engineers use models throughout the Engineering Design Process.
there are advantages and disadvantages to using models to represent living organisms.
they are engineers!

Chhouk’s Prosthetic Leg (5 min)

1. Tell youth they will be modeling what it is like to engineer a prosthetic
device for a large land animal—an elephant!
2. Have youth read Chhouk’s Prosthetic Leg, p. 4 in their Engineering
Notebooks. Ask:
• What do biomechanical engineers do? Biomechanical
engineers use what they know about biology and mechanical
engineering to solve problems related to health and safety.
• What factors did the engineers who created Chhouk’s
prosthetic device have to consider in their design? Function,
comfort, durability, and attachment.
3. Have youth add notes to the “Solutions” column of the Prosthetics
Devices Reference Chart to describe how each criteria was achieved
in the design of Chhouk’s prosthetic leg. Remind youth they will
add to this chart as they encounter additional animals with other
engineered prosthetic devices.

Introduction to the Challenge (10 min)

1. Have youth form groups of three.
2. Tell youth their design challenge is to engineer a model prosthetic
elephant leg that is similar to the one that was created for Chhouk.
3. Have a volunteer read the definition of “model” on Designing a
Prosthetic Elephant Leg, p. 5 in their Engineering Notebooks. Ask:
• What are some examples of models we use in school or
everyday life? Model airplanes, model cars, architectural models,
computer models, anatomical models, molecular models, etc.
4. Tell youth biomechanical engineers use models of their subjects to
help them engineer before they are ready to test their designs in the
real world. For this design challenge, youth will use their own bodies
to model the weight of an elephant.
5. Have a volunteer read the goal and criteria of the challenge on p. 5 in
Tip: Point out the
their Engineering Notebooks. To check for understanding, ask:
connection between
the criteria of the
• What is the objective of the design challenge? Engineer a
design challenge and
model prosthetic elephant leg.
the criteria outlined on
• What will represent the weight of the elephant in our model?
the Prosthetic Device
The weight of our own bodies.
Reference Chart.
© Museum of Science
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•

Tip: To simplify the
challenge, consider
eliminating one of the
criteria. For instance,
you may eliminate
“attachment” and
allow youth to hold
their devices to their
bent knee as they
test.

Why are we using a model for this design challenge? We
cannot test on a real elephant because we do not have one; and if
we did, it could be uncomfortable for the elephant. With a model,
we can test as many times as we need.
6. Review Testing the Prosthetic Elephant Leg, p. 6 in the Engineering
Notebooks. Use a chair to demonstrate the testing procedure.
Instruct youth to bend one knee and kneel on the prosthetic leg,
shifting their weight to the bent knee. Ask:
• Based on what you know about elephants, the criteria of the
challenge, and the testing procedures, what should your
designs include? Sturdy materials that do not bend, a stable
base, a system to attach the device to our bodies, cushioning on
the top, etc.

Create (30 min)
Tip: To increase the
level of data collection
in the challenge,
consider ways to
quantify degrees to
which each criteria
is being met. For
instance, groups may
track the comfort level
of their design by
placing a disc of play
dough on the tester’s
knee and recording
the relative size of the
indentations made
after kneeling on the
device.

1. Tell youth they will have 30 minutes to create their model prosthetic
elephant leg using up to five cardboard tubes as their base.
2. Show youth the available materials. Encourage groups to use
the space on Designing a Prosthetic Elephant Leg, p. 5 in their
Engineering Notebooks, to plan out their designs before they collect
their materials.
3. Set a timer for 30 minutes and allow groups begin engineering.
4. As groups work, circulate around the room. Ask questions like:
• How do the different features of your device meet the criteria
of the challenge?
• What parts of your design do you think work well? Why?
• What part of the challenge have you found the most difficult?
5. Let youth know at regular intervals how much time they have left to
engineer.

Test and Communicate (15 min)

1. Instruct youth to pick up their model prosthetic elephant legs and
Engineering Notebooks and gather in the area you have designated
for testing.
2. Allow each group to share the plan for their design and the finished
product. Ask:
• What materials worked best in your design?
• What are some of the important features of your design?
3. If necessary, review the testing procedure for all four criteria
on Testing the Prosthetic Elephant Leg, p. 6 in the Engineering
Notebook.
4. Have one tester from each group test their device and record their
results in their Engineering Notebooks.
5. After all groups test their designs, ask:
• What did you learn from testing? What does the data you
collected say about how well you met the criteria of the
© Museum of Science
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challenge? Testing procedures with a “yes” meet the criteria
of the challenge. Testing procedures with a “no” need more
improvement in that area.
• How do your results compare to your expectations?
• How would you improve your design if you had additional
time to do so?
• Which steps of the Engineering Design Process did you
use today? We investigated what other engineers have done
to engineer animal prosthetic devices, imagined, planned, and
created our own designs. Then we tested and communicated our
results to each other.
6. Congratulate youth on being biomechanical engineers and using
the Engineering Design Process. Remind youth that engineers are
constantly improving their designs to better meet the criteria and
constraints so there is always room for improvements in a design.
7. Tell youth they will use what they learned today in the next activity
when they design a prosthetic device for a different animal.

© Museum of Science
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Activity

2

Peck It Up

Educator
Preview

Overview: Youth will engineer a model prosthetic beak that needs to be able to perform
several functions of a real bird beak.

Note to Educator: Youth will complete a second prosthetic device design challenge.

Using what they learn, they will add to the Prosthetic Devices Reference chart. The chart
and the knowledge gained during this activity will support them as they start their final
design challenge in the next activity: engineering a model prosthetic tail for a model fish.

Activity Timing:
Introduction:

10 min

Model Beak:

15 min

Create:

25 min

Communicate: 10 min
		60 min

21st Century Skill
Highlight:
Creativity
Collaboration

Activity 2 Materials

For the whole group
Engineering Design Process
poster
Prosthetic Device Reference
Chart
small objects, such as small
balls, beads, straws, pencils
1 roll of aluminum foil
10 sheets of foam
25 pipe cleaners
10 sheets of construction paper

For each group of 3
1 cup, 8 oz.
1 hole punch
1 marker
1 measuring tape
1 pair of scissors
1 roll of tape
2 craft sticks
12 strands of string, 10” each
For each youth
Engineering Notebook

Activity 2 Preparation

1. Post the Engineering Design Process poster and the Prosthetic
Device Reference Chart.
2. Set aside the materials groups will use for the beaks: cups, tape,
foam, aluminum foil, construction paper, pipe cleaners, measuring
tape, hole punch, markers.
3. Cut 12 strands of string, about 10” long, for each group of three.
4. Have some objects available for youth to test their beaks ability to
pick up objects, such as small balls or beads, straws, and pencils.
5. Optional: Make one model beak base for youth to reference. See
Making the Model Beak Base, p. 8 in the Engineering Notebook for
instructions.

Activity 3 Pre-Preparation

1. Activity 3 requires extra preparation time to build the model fish.
Make sure to review in advance the process and materials on How
to Build the Model Fish, pp. 32-34 of this guide.
© Museum of Science
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Notebook Pages for Activity 2
Beauty’s Prosthetic Beak, p. 7

Making the Model Damaged Beak, p. 8

Testing Your Beak: Preening, p. 9

Testing Your Beak: Picking Up, p. 10
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Activity

2

Peck It Up

Activity
Guide

Youth will learn:
•
•
•

a prosthetic device is designed to function like the body part it is replacing.
engineers use the Engineering Design Process when designing prosthetic devices.
they are engineers!

Introduction (10 min)

1. Remind youth that engineers have created prosthetic devices for
many different types of animals and for the next hour they are going
to be engineering a model prosthetic beak for an eagle.
2. Explain that this challenge is based on a real engineering problem
involving a bald eagle named Beauty from Alaska. Have youth
read the article Beauty’s Prosthetic Beak, p. 7 in their Engineering
Notebooks. Ask:
Tip: Have youth
• What part of Beauty’s body was injured? The upper-part of her
identify the
beak.
professions of
• What did the prosthetic beak allow Beauty to do? Eat and
all of the people
preen herself.
who helped
3. Have youth refer to the Prosthetic Device Reference Chart. Ask:
engineer Beauty’s
beak (engineers,
• Which factors do you think the engineers kept in mind when
volunteers, scientists,
designing the prosthetic beak? They focused on restoring the
medical specialists,
function of her beak and making it so that it could be attached by
dentists). Point out
a dentist.
that engineers often
work with people with 4. Have youth add notes to the “Solutions” column of the Prosthetics
all sorts of expertise
Devices Reference Chart to describe how each criteria was achieved
when completing their
in the design of Beauty’s prosthetic beak. Remind youth they will
designs.
add to this chart as they encounter additional animals with other
engineered prosthetic devices.

Making a Model Beak (15 min)
Tip: After youth make
their model beaks,
have them try using
it to pick up objects.
This will help them
see firsthand how
difficult it would be for
a bird to function with
just the lower half of
its beak.

1. Explain that today youth will engineer a prosthetic device to help
restore a model of a damaged beak just like Beauty’s.
2. Show youth the template on Making the Model Damaged Beak, p. 8
in their Engineering Notebooks. These are the steps they will follow
to create the model of the damaged beak. After making this model,
youth will design their prosthetic devices to restore the upper part of
the beak.
3. Separate youth into groups of three and have them follow the
directions to make their model damaged beak.

Create and Test (25 min)

1. Before groups begin engineering model prosthetic devices for
their model damaged beaks, discuss the two tests they will use to
© Museum of Science
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2.

3.

4.
5.

6.
7.

evaluate their designs, outlined on Testing Your Beak, pp. 9-10 in
their Engineering Notebooks:
• One function of the beak is to help birds preen themselves. Youth
will see if the model prosthetic beaks they design can unravel
string that has been braided.
• Another function of a beak is to allow birds to pick up pieces of
food. Youth will test to see if the model prosthetic beaks they
design are able to pick up small objects.
Show youth the materials they will have available to engineer their
model prosthetic beaks. Tell youth that because Beauty’s beak was
attached with an adhesive, they may use tape to attach their model
prosthetic beaks directly to the model damaged beak.
Encourage groups to imagine their prosthetic beaks. Just like in
Beauty’s case, groups should try to design a prosthetic beak that
restores function to the beak. Ask:
• What functions or tasks might our prosthetic beaks need to
be designed for? Eating, preening, picking things up.
Tell youth they will have 25 minutes to engineer.
As groups are working, circulate and check in on their progress. Ask:
• What materials are you choosing to create your prosthetic
beak?
• What shapes do you think will help you best complete the
tests?
Groups should record their test results on Testing Your Beak, pp.
9-10 in their Engineering Notebooks.
Let youth know at regular intervals how much time they have left to
engineer.

Communicate (10 min)

1. Have groups place their beaks around the room. They should display
their test results from Engineering Notebooks, pp. 9-10, along with
the braid and a small object their beak can pick up.
2. Give youth a few minutes to observe and test other groups’ beaks.
3. After having seen the work of other groups, give youth a few minutes
to reflect on possible improvements to their own designs on the
bottom of Testing Your Model Beak, p. 10. Ask:
• What materials and shapes worked best in your design?
Note: The next
• What would you need to change if you were designing a beak
activity requires extra
preparation time
that could crack nuts?
to build the model
• How would you improve your design?
fish. Make sure to
• What steps of the Engineering Design Process did you use
review in advance the
as you engineered your prosthetic beak?
process and materials
4. Explain that youth will have the chance in the next activity to apply
on How to Build the
all they have learned about prosthetic devices as they engineer a
Model Fish, pp. 32-34
of this guide.
prosthetic tail for a model fish.
© Museum of Science
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Activity

3

Creating a Prosthetic Tail

Educator
Preview

Overview: Youth will build their fish model. Youth will use the Engineering Design
Process to engineer a prosthetic tail for their fish model.

Note to Educator: The focus of this activity is for youth to begin to design their model

prosthetic tails. Each group will use an unmodified plastic bottle to correctly size their
model prosthetic tail and then transfer their design to a model fish to test. Groups may not
complete their designs in this activity, but they will use Activity 4 to improve the function
of their designs and Activity 5 to decorate their designs. Make sure to save youth’s inprogress designs at the end of this activity.

Activity Timing:
Introduction:

10 min

Imagine/Plan: 10 min
Create:

20 min

Test		

15 min

Reflect:

5 min
60 min

21st Century Skill
Highlight:
Critical Thinking
Creativity
Collaboration

Activity 3 Materials

For the whole group
Engineering Design Process
poster
Prosthetic Device Reference
Chart
1 large plastic tub filled with water
1 roll of aluminum foil
1 roll of paper towels
1 roll of plastic wrap
2 hole punches
4 rolls of string
20 sheets of felt
20 sheets of foam
100 coffee stirrers
100 craft sticks
100 paper clips
100 pipe cleaners
100 plastic twist ties

100 rubber bands
100 straws
For the model fish (see pp. 32-34)
1 hole punch
1 measuring tape
1 pair of scissors
1 permanent marker
1 utility knife
2 small rocks
4 plastic bottles, 16 oz.
16 pieces of string, 12”
For each group of 3
1 container of play dough
1 measuring tape
1 pair of scissors
1 plastic bottle, 16 oz.
For each youth
Engineering Notebook

Activity 3 Preparation

© Museum of Science
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1. Post the Engineering Design Process poster and the Prosthetic
Device Reference Chart.
2. Build at least two fish models for groups to use to test their designs
by following the instructions on How to Build the Model Fish, pp. 3234 in this guide.
3. Fill the plastic tub with water three quarters of the way to the top.
4. Place materials on the Materials Table so that each group can easily
retrieve them.
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Notebook Pages for Activity 3
Winter’s Prosthetic Tail,
p. 11

Criteria and Constraints,
p. 12

Imagine and Plan, p. 13

Test Results, p. 14
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Activity

3

Creating a Prosthetic Tail

Activity
Guide

Youth will learn:
•
•
•

engineers use models throughout the Engineering Design Process.
there are advantages and disadvantages to using models to represent living organisms.
they can use the Engineering Design Process to help them solve problems.

Introducing the Challenge (10 min)

1. Tell youth that today they will begin their final design challenge, to
design a model prosthetic tail for an animal that lives underwater.
2. Have youth read Winter’s Prosthetic Tail, p. 11 in their Engineering
Notebooks. Ask:
• What did engineers have to keep in mind when designing
Winter’s tail? What challenges did they have? Winter’s
sensitive skin, making a model of her body, what material to use,
how to attach and detach the tail quickly, had to be waterproof.
• How did they solve these challenges? Engineered a special
material for her replacement tail, kept on trying different designs,
made a model of her tail first.
3. Have youth add notes to the “Solutions” column of the Prosthetics
Devices Reference Chart to describe how each criteria was achieved
in the design of Winter’s prosthetic tail.
4. Tell youth their challenge will be to take the information they learned
from Winter’s story and their other prosthetic device engineering
challenges and apply it to the design of a model prosthetic device for
Note: To increase
another animal that lives underwater—a fish!
challenge for older
5. Show youth the model fish they will use to test the model prosthetic
youth, you can
tails they will engineer. Place the model fish in the tub of water and
choose to allow each
show youth how to use the strings to move the body of the fish. Ask:
group to construct
• How is this model similar to a real fish? How is it different?
their own model fish
Model has a similar shape to a fish. The model is different since it
using photocopies
of How to Build the
moves with strings, does not have fins, etc.
Model Fish, pp. 32-34
• Why can we not use real fish in our design challenge? We
in this guide. Allot at
would need a fish with no tail, not ethical to the fish.
least 20 extra minutes
• What are the limitations of using a model of a fish? The model
of time for this activity
fish does not swim or behave exactly like a real fish, so might not
and make sure youth
are able to safely
know how a real fish would respond to a prosthetic tail.
handle the utility knife.
• What are the benefits of using a model of a fish? We can test
with it as much as we would like, do not need to take care of a
living organism or worry about harming one.
6. Bring youth’s attention to the Engineering Design Process poster. Tell
the group that for the rest of the day they will focus on the imagine,
plan, create, and test steps of the Engineering Design Process. In
© Museum of Science
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upcoming activities, they will continue to create, test, and improve,
and they will also focus on the communicate step by creating
an exhibition for their designs and a presentation to share their
engineering work with friends and family.

Imagine and Plan (10 min)

1. Separate youth into groups of three.
2. Have youth turn to Criteria and Constraints, p. 12 in their Engineering
Notebooks, to learn more about their challenge. Tell youth that these
are the guidelines they will have to follow when engineering the
model prosthetic tails for their fish models.
3. Have youth look ahead to Test Results, p. 14 in their Engineering
Notebooks. Review the tests as a group and discuss how each will
determine whether their designs meet the criteria of the challenge.
4. Demonstrate how the comfort test will work by covering the tail end of
the fish model with half of an inch of play dough. Tell youth that they
will attach their model prosthetic tail on top of the play dough and
then remove it to check for indentations. Deep indentations indicate a
part of the design that could be uncomfortable for the fish.
5. Show groups the materials on the Materials Table they have available
to use for their model prosthetic tail designs. Point out there is no
tape available, since real prosthetic devices cannot be taped to a
fish. They will have to consider other attachment methods.
6. Tell youth for now they should focus on the main criteria of the
challenge: function, comfort, durability and attachment. They will
have time to personalize and decorate their design in a later activity.
7. Pass out a single plastic bottle to each group. Tell youth they can
build their designs around the plastic bottle before attaching their
designs to the model fish in the testing phase.
8. Give groups a few minutes to think about possible designs. Groups
can draw their plan on Imagine and Plan, p. 13 in their Engineering
Notebooks. Ask:
• What materials do you think will work best for your model
prosthetic tail?
• Did you consider all of the criteria and constraints?
• Can draw inspiration from any of the other animal prosthetic
devices we learned about?
Tip: Have a
conversation with
youth about the
motions fish make
to swim through the
water. You may also
conduct an Internet
search to view videos
of fish swimming.
© Museum of Science
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Create (20 min)

1. Once groups have decided on a plan for their design, have one group
member bring their Engineering Notebook to the Materials Table to
collect their materials.
2. Give groups 20 minutes to work on their model prosthetic tails
designs.
3. As groups are working, circulate around the room and check in with
them. Ask:
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•
•
•
•

What materials are you using?
What is working well about your design?
What still needs improvement?
Are you having difficulty with any of the criteria and
constraints?
• How will you attach the model prosthetic tail?
• What do expect will happen when you test your model
prosthetic tail in the water?
4. Let youth know at regular intervals how much time they have left to
engineer.

Test (15 min)

1. Have groups begin the testing procedure by first testing the comfort
of their prosthetic tail with the play dough by following the procedure
outlined above.
2. Explain to groups the second step of testing is to attach and detach
the prosthetic tail from their fish model at least two times to test for
attachment and durability.
3. Finally, have groups test their designs in the tub of water. Have them
consider how well the tail moves with the body. Ask:
• How is your model fish moving through the tank? Is it
making similar motions to any fish that you have seen in real
life?
4. Have groups record their results on Test Results, p. 14 in their
Engineering Notebooks. They should be sure to note parts of their
design that are working really well and parts that they might want to
improve next time.

Tip: Have extra paper
towels on hand in
case water spills
and to place the fish
models after testing.

Reflect (5 min)

1. Gather the group around the Engineering Design Process poster.
Ask:
• What steps of the Engineering Design Process did you use
the most today?
• What step do you think will be most helpful to use in the next
activity? Test and improve.
2. Let groups know that in the next activity they will have a chance to
test and improve their designs.

© Museum of Science
Engineering Everywhere

31

Go Fish

How to Build the Model Fish
You will need:
2 plastic bottles
hole punch

scissors
permanent marker
utility knife
measuring tape

Step 1
• Measure the length of one water bottle. Make a
small slit (about 1 inch) at approximately 2/3 down
the length of the bottle.
• Using the permanent marker, draw a dotted line
starting from the incision around the bottle.
• The top is the head of the model fish.

string (8 pieces, 12” long)
small rock

2/3 of the
bottle

head

1 inch
incision

Bottle #1

Step 2
• On the second water bottle, make an incision at
approximately 1/3 down the length of the bottle.
• Using the permanent marker, draw a dotted line
around the bottle.
• The top is the tail end of the model fish.
1/3 of the
bottle

Step 3
• On the second water bottle, make one incision
about 3 inches below the last incision. This section
will be the body of the model fish.

tail

body

1 inch
incision

3 inches
1 inch
incision

Bottle #2
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How to Build the Model Fish
Step 4
• Find the slits that have been made on each
bottle.
• Starting at each slit, cut evenly around the
bottle, following the dotted line.

Step 5: The three sections
• You will have three sections and some scraps left over.
• Follow the diagram below to make the hole punches in each section.
• Make four holes, evenly spaced, in the head section.
• Make eight holes (two on one end and six on the other end) in the body section.
• Make two holes in the tail section.

head

© Museum of Science
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How to Build the Model Fish
Step 6: Connecting the three sections
• Line up all of the holes you have
punched out.
• Thread a string through each set of
holes and tie a knot.

head

body

Step 7: The string handles
• Thread and tie the last two
pieces of string through the
two remaining holes on the
body section. These will
be the strings you will use
to move your fish model in
water.

tail

To move the fish model:
• Place the rock in the head of the fish model.
• Submerge the fish model in the water so the water bottles mostly fill with water.
• Have one group member hold one of the long strings, and another member hold the other.
• Alternate pulling each string for the body and tail to move.
© Museum of Science
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Activity

4

Improving a Prosthetic Tail

Educator
Preview

Overview: Youth will use the improve step of the Engineering Design Process as they
alter their model prosthetic tail designs to better meet the criteria.

Note to Educator: Be sure to save the designs each group engineers for the next
activity.

Activity Timing:
Advice:

10 min

Improve:

40 min

Reflect:

10 min
60 min

21st Century Skill
Highlight:
Critical Thinking
Creativity
Collaboration

Activity 4 Materials

For the whole group
Engineering Design Process
poster
Prosthetic Device Reference
Chart
1 large plastic tub filled with
water
1 pitcher
1 roll aluminum foil
1 roll paper towels
1 roll plastic wrap
2 fish models from Activity 3
2 hole punches
4 rolls of string
10 sheets of foam
25 sheets of felt
100 coffee stirrers

100 craft sticks
100 paper clips
100 pipe cleaners
100 plastic twist ties
100 rubber bands
100 straws
For each group of 3
1 model prosthetic tail from Activity 3
1 container of play dough
1 pair of scissors
1 ruler
For each youth
Engineering Notebook

Activity 4 Preparation

1. Post the Engineering Design Process poster and the Prosthetic
Device Reference Chart.
2. Fill the plastic tub with water three quarters of the way to the top.
3. Place materials on the Materials Table so that each group can easily
retrieve them.
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Notebook Pages for Activity 4
Advice Exchange, p. 15
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Additional Test Results, p. 16
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Activity

4

Improving a Prosthetic Tail

Activity
Guide

Youth will learn:
•
•
•

the Engineering Design Process can help guide them to a successful solution.
there are many solutions for a single problem.
engineers often have to design and redesign many times before coming to a successful
design.

Advice Exchange (10 min)

1. Let youth know that today they will have time to troubleshoot their
group’s design with another group, and improve their designs.
2. Have youth form the same groups they engineered with in the last
activity and collect their model prosthetic tails.
3. Have each group pair up with another group. Instruct groups to share
their model prosthetic tails, explaining the design, what is working
well, and what needs improvement.
4. Have groups communicate and share suggestions and ideas that
their partners could incorporate into their design as they make
improvements.
5. Instruct groups to record notes about the suggestions and ideas they
receive on Advice Exchange, p. 15 in their Engineering Notebooks.
6. By the end of the activity, each group should have some suggestions
and ideas for improvements written in their Engineering Notebooks.
Tip: Have extra paper
towels on hand in
case water spills
and to place the fish
models after testing.

Improve (40 min)

1. Tell groups they will have 40 minutes to test and improve their
designs. They may record their new data on Additional Test Results,
p. 16 in their Engineering Notebooks.
2. As groups are working, remind them to follow the criteria and
constraints. Ask questions like:
• What improvements have you made to the prosthetic tail?
• What is working well?
• What is not working well?
3. Allow groups to test when they are ready. Encourage groups think
about how they can engineer their tails to behave like real fish.
Tip: If a group finishes 4. Let youth know at regular intervals how much time they have left to
early, encourage
engineer.
them to make sure
they have met all
the criteria and
constraints. They can
start thinking about
the characteristics of
their fish, which they
will be spending time
on in the next activity.
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Reflect (10 min)

1. Have groups gather around the Engineering Design Process poster.
2. Go through each step of the Engineering Design Process. Ask:
• Can you give an example of when you used this step?
3. Have groups compare their Test Results, p. 14 and p. 16 in their
Engineering Notebooks. Ask:
• How did your improvements affect your test results?
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•

What advice did you use from the advice exchange? How did
it affect your design?
• What improvements would you want to try if you had more
time?
4. Tell the group that they will spend the next activity developing
charactistics for their fish species and making signs for their exhibit.
Following that will be the Showcase, where they will share their
designs.
5. Congratulate groups on the engineering they have done!
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Activity

5

Something’s Fishy

Educator
Preview

Overview: Youth will develop characteristics for their unique fish. They will also design
the exhibit signs that will be part of their Showcase.

Note to Educator: There is no testing during this activity. Be sure to save the model

prosthetic tails and exhibit signs for the Showcase. If groups need more time to improve
their tail designs, they can use part of this activity time to do so.
If you have the opportunity, invite other staff members, youth from the program, families,
and community members to the next activity, the Engineering Showcase.

Activity Timing:
Introduction:

5 min

Create:

25 min

Labels:		

25 min

Reflect:

5 min
60 min

21st Century Skill
Highlight:
Creativity
Collaboration
Communication

Activity 5 Materials

For the whole group
Engineering Design Process
poster
Prosthetic Device Reference
Chart
chart paper and markers
1 roll of aluminum foil
1 roll of duct tape
1 roll of plastic wrap
2 fish models from Activities 3
and 4
2 hole punches
3 rolls packing tape
4 rolls of string
10 sheets of foam
25 sheets of construction
paper
100 coffee stirrers

100 craft sticks
100 paper clips
100 pipe cleaners
100 plastic twist ties
100 rubber bands
100 straws
optional: stencils/markers/other label
materials
optional: patterned duct tape
For each group of 3
1 model prosthetic tail from Activities
3 and 4
1 measuring tape
1 pair of scissors
4 sheets of cardstock
For each youth
Engineering Notebook

Activity 5 Preparation

1. Post the Engineering Design Process poster and the Prosthetic
Device Reference Chart.
2. Place materials on the Materials Table so that each group can easily
retrieve them.
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Notebook Pages for Activity 5
Create Your Own Fish, p. 17
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Activity

5

Something’s Fishy

Activity
Guide

Youth will learn:
•

creating an exhibition requires a team to decide on certain specifications about common
characteristics of fish.

Introduction (5 min)

1. Tell youth next time they will host a Showcase, where visitors will be
joining them to see the work they have done. While they have used
the communicate step of the Engineering Design Process within
other activities, the Showcase focuses on this step.
2. Explain that for the Showcase they will be setting up the presentation
space like an exhibition in an aquarium. The model prosthetic tails
that the groups have created will be exhibited, and they will make
exhibit labels for their fish. Let youth know that all the signs they see
around an exhibit explaining what they see are called labels.
3. Ask:
• Who do you need to keep in mind as you make your exhibit
labels? The people coming to see the exhibition.
• What do you think the people coming to see an exhibit need
to know? What the exhibition is about, what they can learn about
the fish they are seeing, etc.
• Why do you think it is important to include labels and
information in an exhibit? People can learn more about what
they are seeing.
4. Tell youth that to prepare for the Showcase, they will develop
characteristics of their fish species, decorate their model prosthetic
fish tails to match, and then make labels for their exhibits.
Tip: If youth are
having trouble coming
up with a name, you
may want to have
them research fish
names or share
names you know.
Names can reflect
who discovered the
species or include the
coloration or shape
of the fish, such as
the yellow tang or
hammerhead shark.
© Museum of Science
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Create Your Own Fish (25 min)

1. Have groups turn to Create Your Own Fish, p. 17 in their Engineering
Notebooks, and take five minutes to create and draw a real or
imagined species of fish. Instruct groups to write down information
about the fish they have created, such as its name, habitat, diet, etc.
2. When groups are finished creating their fish species, tell youth that
they will decorate their model prosthetic tail designs to match the
characteristics of their new species of fish.
3. Explain that to color their model prosthetic tails, they will be able to
use construction paper and markers, which will have to be covered
with clear packaging tape to make it waterproof. The tape must be
very smooth so water does not seep in, though if some does, it will
dry over time.
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4. Let groups collect their materials and add color to their fish model.
Check in with groups as they are working, and ask questions like:
• What characteristics does your fish have?
• Why did you chose those characteristics?
Tip: If youth are
not sure about
what information
to include on their
labels, encourage
them to think about a
time they went to an
aquarium or museum.
Have them consider
what information
they want visitors to
understand about
their design and if
they want any labeled
diagrams.

Tip: If groups finish
early, they may want
to make a sign for
the entrance of the
exhibition.
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Exhibit Labels Planning (25 min)

1. Let groups know they will have to discuss as a group what
information will be on their exhibit labels. Then, each group will have
time to make their exhibit label, using the four sheets of cardstock to
make one large label, or a few smaller ones.
2. Explain to youth that they want the labels to be appealing and
understandable to someone coming into the exhibition for the first
time. Ask:
• What information should you include on your labels?
Encourage all answers, but youth may decide they want to include
a picture of the fish, the scientific and common name of the fish,
what the fish eats, etc.
• What information might you want to include about your
model prosthetic tail designs? Encourage all answers.
3. As youth are sharing what they may want to include on their labels,
keep track on the white board or a piece of chart paper so they can
refer back to it.
4. Give youth 20 minutes to make their labels and finish their fish
models. As groups are working, circulate and ask questions like:
• What information are you including on your label?
• How will this information be helpful to a visitor?

Reflect (5 min)

1. Have groups lay out their exhibit labels and model prosthetic tails on
a tables around the room.
2. Give youth a few minutes to do a gallery walk, giving them a chance
to look at the different designs and labels.
3. Tell the group that they will be showcasing their exhibit to visitors in
the next activity. Pass out a Showcase Invitation to everyone to take
home and enlist everyone’s help in posting them around the site.
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You’re Invited to an

Exhibition Opening
What:

A showcase of several new animal prosthetic
devices designed by local young engineers!

Where:
When:

Activity

6

Engineering Showcase

Educator
Preview

Overview: Youth will use the exhibition they made to share the prosthetic devices they
engineered.

Note to Educator: The Showcase is a chance for youth to share the engineering work
they have done over the course of the unit. If possible, invite parents, other youth in the
program, and staff to see what the group has engineered.

Activity Timing:
Introduction:

5 min

Preparation:

15 min

Communicate: 20 min
Reflect:

10 min
50 min

21st Century Skill
Highlight:
Communication

Activity 6 Materials

For the whole group
Engineering Design Process poster
Prosthetic Device Reference Chart
1 large plastic tub filled with water
1 pitcher
1 roll of paper towels
2 fish models from Activities 3, 4, and 5
For each group of 3
exhibit signs
1 model prosthetic elephant leg from Activity 1
1 model prosthetic beak from Activity 2
1 model prosthetic tail from Activities 3, 4, and 5
For each youth
Engineering Notebook

Activity 6 Preparation

1. Post the Engineering Design Process poster and the Prosthetic
Device Reference Chart.
2. Choose a showcase location where visitors can see all the
presenters.
3. Make sure visitors know when/where to gather for the showcase.
4. Fill the plastic tub with water three quarters of the way to the top.
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Notebook Pages for Activity 6
Communicate, p. 18
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My Engineering Profile, p. 19
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Activity

6

Engineering Showcase

Activity
Guide

Youth will learn:
•
•

communicating to others is an important part of the Engineering Design Process.
as engineers, they have valuable knowledge to share about the problem they have
solved.

Introduction (5 min)

1. Remind groups that today they will be communicating to others about
the model prosthetic tails they engineered. Ask:
• What are some of the important ideas about the model
prosthetic tails you engineered that you would like to share?
That our designs had to take into account attachment, comfort,
waterproof materials, and durability, and how we used the
Engineering Design Process.

Showcase Preparation (15 min)

Tip: Groups may want 1. Have the whole group decide how they want to set up the exhibition.
to take a few minutes
They may want all the labels in one area or spread out around the
to finalize their
room. Once decided, have each group post their label and put out
designs during the
the exhibition introductory label if one was made.
preparation section.

2. Explain that the Showcase will be split into three parts. First, the
whole group will explain the challenge and the Engineering Design
Process. Then, each group will share their model fish and the
prosthetic tail by testing how it moves through the water. After that,
groups will stand with their model prosthetic tails near their exhibit
label. Visitors will have an opportunity to explore the exhibition and
speak with them about their designs.
3. The first part of the Showcase will need volunteers to fill certain roles.
Write some possible roles on the board for groups to review:
• Explain the model prosthetic tail design challenge, the Prosthetic
Device Reference Chart, and the Engineering Design Process.
• Demonstrate how testing was done.
• Explain how they improved their prosthetic tails.
• Explain how each group designed their own unique fish species.
• Explain the model prosthetic elephant leg challenge.
• Explain the model prosthetic eagle beak challenge.
4. Once there are volunteers for each role, give groups 10 minutes to
prepare for their part of the presentation. Groups will need to decide
exactly what they will say, who among them will do the talking, and
who will show the fish in motion.
5. Youth can take notes on Communicate, p. 18 in their Engineering
Notebooks. Remind groups to share the name and some
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characteristics about their fish, but to keep the presentation to 2-3
minutes, since visitors will have a chance to explore each design
more closely during the exhibition time.
6. As groups are practicing and planning, rotate among them asking
questions and providing support. The process of sharing should be
fun and exciting, not stressful!
Tip: Have extra paper
towels on hand in
case water spills
and to place the fish
models after testing.

Communicate (20 min)

1. When groups are ready, invite guests into the exhibition, explaining
they will see a presentation first and then will have time to explore the
exhibition and speak with the biomechanical engineers.
2. Have the volunteers start the presentation. Then, have each group
present their fish.
3. Once all groups have presented have groups stand next to their
exhibit sign and model fish.
4. Encourage the visitors to explore the exhibition and ask any
questions they have for the biomechanical engineers.

Reflect (10 min)

1. Encourage groups to reflect on the Engineering Design Process. Ask:
• Which steps of the Engineering Design Process were most
helpful to you?
• Can you imagine other problems you might solve using the
Engineering Design Process?
2. Congratulate groups on their biomechanical engineering work.
3. Give youth time to complete My Engineering Profile, p. 19 in
their Engineering Notebooks. Giving youth time to record their
final thoughts will help them reflect on the experiences they had
throughout the unit.
4. Gather youth as a group. Ask:
• What are you most proud of doing as part of this engineering
group?
• What is something from this engineering experience that you
will always remember?
• Why do you consider yourself an engineer?
• What do you want to engineer next?
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