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PLEASE NOTE
We waive all responsibility for accidental 
violations of physics and/or eyebrow injuries.



Dear reader, inventor, and inspiring leader,

Whether you are a parent, an aunt or uncle, or a friend of the young makers and inventors who 
will work with our Project Book, I want to share our excitement and our cautions as we release 
this material to you.

Our goal is to spark curiosity in this next generation of learners. We attempt to do this through 
prompts, provocations, and challenges that inspire the young individual to want to know more, 
to search for what’s out there, and to create new questions that will propel their interest and 
inventions.

We are supplying you with all the information we can in support of your effort to inspire your 
next generation of inventors and creators. Please, be cautious when you share the “how-to” 
portion of this book with them! Don’t direct the process, support it. Even if you know what the 
child is about to do will fail.  It isn’t because we are trying to be difficult or mysterious or even 
proprietary, it is because we firmly believe that the value comes in the struggle to create. 
Failure is new information and the child will learn more from the experience than from our 
warning.

If you buy a child an expensive robotics kit they will learn to build a robot by following the 
instructions and will build what the creator of that kit designed. That will help develop 
“follow-the-instructions” employees for the future. There will be less need for that since the 
robots we are making will take on those jobs. However, if you supply random material and a 
few old motors and ask the child or children to build a robot, you will inspire them to become 
problem solvers. You will prompt critical and creative thinking. In doing this, you help build a 
muscle that will serve the child for the rest of their life.

Let’s nurture a generation of children who can experiment and be comfortable with the 
failures that will be inherent in the creative process. Let’s build a sense of “yes I can”:  solve 
that problem, build that contraption, and make my world better through trial and error. We 
want them to know that failure is the reality for all great inventors throughout history. 
Thankfully, those inventors knew that success was on the other side of well-considered 
failures. Patents come from this process. Let’s encourage our children to see themselves as 
inventors and patent holders. 

Thank you for taking this journey with us. And, please do share with us pictures and stories of 
your experience in this adventure!

Onward, 

Dr. Leah Hanes
CEO 
Two Bit Circus Foundation
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ENGINEERING DESIGN PROCESS
The Engineering Design Process is a tool used by engineers to define a 

problem. Art, Science, and Math are often the vehicles used to come up with 
creative solutions.  Throughout various projects, children will be asked to 
use the engineering design process to synthesize their thinking through a 
lens of the arts, maths, and sciences to identify and solve novel problems. 

ASK:
1. What is the problem?
2. What are the criteria and constraints?
3. What solutions have been attempted?

IMAGINE:
1. Generate possible solutions to the problem
2. Be open-minded/creative
3. Don’t think about constraints

PLAN:
1. Select the best solution based on criteria and constraints
2. Sketch
3. Identify needs (resources, money, time)

CREATE:
1. Prototype
2. Run tests/experiments

IMPROVE:
1. Identify additional needs, modifications
2. Re-evaluate criteria and constraints

The process is cyclical in nature and doesn’t have a defined “start 
point.” For example, an engineer may be playing with a premade product 
and imagine ways to improve it. Or they may be planning one project and 
identify a new problem that may be solved with their design. 

Always treat the engineering cycle as open-ended and validate 
divergent and convergent thinking.

3



MAN THE CATAPULT!
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Craft sticks 
❏ Rubber bands
❏ Construction paper
❏ Cotton balls

DIRECTIONS:
1. Build the fulcrum by stacking 5 of the craft 

sticks on top of each other and fasten them 
using the rubber bands.

2. Attach two sticks tightly on one end with a 
rubber band.

3. Wedge the fulcrum between the two sticks.  

4. Once you find the ideal fulcrum point, use a 
rubber band to fasten it in place to the 
other two sticks.

5. Use the construction paper to make a 
basket, use tape or glue to hold it in place.

6. Put a cotton ball in the basket and let it fly!

The castle is under siege!  Experimenting with upcycled materials, 
your kids will be launching cotton balls at their enemies in no 
time. Catapults use a lever with tension. A fulcrum is the leverage 
point for the launching beam of the catapult. By changing the 
position of the fulcrum, you can alter the length of the lever and 
distance/trajectory of the projectile.

OBJECTIVE:
Design a catapult through an iterative process to 
compete in a carnival challenge to defeat the 
Dragon.
*You can create a game setup  (Think of a 
cornhole/bean bag toss game or duck shooter 
game).

ESSENTIAL QUESTION:

● How might we create a catapult to launch 
objects at the dragon to win?

TAKE IT TO THE NEXT LEVEL:
● How far can you get the cotton ball to 

soar? How high? What do we need to 
adjust?

● Can you measure and keep track of the 
distances?

● Can we scale this design up to make a 
large device?

● How about building targets?  Can you hone 
in and hit your mark?

LEVEL 1 FUN FACTS

A. Catapult translates to “war 
machine for throwing” in Latin!

B. There are 3 types of catapults; 
the mangonel (the design you 
most likely are familiar with), 
the ballista (looks like a giant 
crossbow!), and the trebuchet (a 
giant sling-like catapult).

C. The world record for a modern 
catapult is currently held by the 
"Chucky III", which hurled a 
~10 lb pumpkin 3,636 ft! 
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ELABORATE:
1. Children revise their designs to improve them:

a. Improvements should be seen in lever and fulcrum designs;
b. Improvement in accuracy.

2. Question their design thinking process:
i. Why did you pick these materials?
ii. Why did this configuration work best?
iii. Would you make any future changes if you had to do this again?
iv. What have you learned as a team?

3. Children compete in the challenge:
a. Take turns launching objects at the Dragon board

i. Record scores
4. Reflection:

a. Encourage your child to reflect further on their designs. 
i. Draw attention to the diversity in designs.
ii. Encourage the mentality of “failing forward”:

1. Failures are great learning tools;
2. Positive reinforcement of success.

ENGAGE:
1. Have your kids read books on dragons, knights, and catapults.

a. The Knight and the Dragon, Tomie DePaola
b. Days of the Knights: A Tale of Castles and Battles, Christopher Maynard 
c. A Year in the Castle, Rachel Coombs
d. Break the Siege: Make Your Own Catapults, Rob Ives

2. Introduce the project as a carnival game.

EXPLORE:
1. Task your kids with discovering ways to make a catapult (launcher).

a. Kids can explore the various Two Bit Circus Foundation materials.
b. Sketch, write out different designs to try. Use different materials.

*Kids should have a healthy level of independence during this portion. There are a multitude of ways 
they can design a catapult. There is no “right answer.”

2. Facilitate the child's progress through positively constructed guided questions.
a.How does your design work?
b.How might we allow the catapult to launch an object higher?  Faster?

EXPLAIN:
1. Children build their initial catapults

a. There will be significant design challenges and failures.
b. Support them without directing and encourage problem-solving.

2. Challenge their thinking and encourage growth.
3. Questions:

a. “What if you made this an inch longer?”
b. “What happens if you use another material?”

4. Have your kids test how various materials affect the catapult. 
5. Rank materials by:

i. Flexibility
ii. Hardness
iii. Heaviness

b. Make different versions to test.
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Material Flexibility Hardness Heaviness

CATAPULT DESIGNS: SKETCH YOUR IDEAS
(Photocopy)

Sketch Your Ideas

Materials tried Purpose



SALTY SOUND WAVES
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ A balloon
❏ Salt
❏ Plastic cup or pail to fit your speaker
❏ Scissors
❏ A small speaker
❏ Rubber bands

DIRECTIONS: using a cup
1. Cut the top off of the plastic cup.  You will 

want a section about 4 inches tall.

2. Cut the top half of a balloon off and 
stretch it across the open top of the 
plastic cup. Attach with rubber bands.

3. Place a liberal amount of salt across the 
balloon membrane. Enough to coat the 
surface of the balloon.

4. Place your speaker next to the membrane 
and crank the music up loud!

OBJECTIVE:
Be able to investigate sound and determine its 
interaction with objects.

ESSENTIAL QUESTIONS:

● How might objects vibrate?
● How might we create sound?

TAKE IT TO THE NEXT LEVEL:

● Try different types of music; how does that 
change the vibrations and movement of 
salt?

● What about different substances on the 
balloon? Try different types of liquid or gels. 
What about larger particles like beads?

It's something we take part in daily: listening to the world 
around us. But how do we explain this in a way that kids will 
receive and understand?  With salt vibrations, we can learn 
visually about sound waves as we watch them generated 
before our eyes. 

LEVEL 1 FUN FACTS
A. Roman soldiers were at times 

paid in salt, which is where the 
word “salary” comes from.

B. Salt was used to preserve 
Egyptian mummies.

11



ADDITIONAL ACTIVITY: PAPER CUP SPEAKERS 
MATERIALS NEEDED:
● Two paper cups
● Smartphone
● Cardboard tube (larger than your smartphone)
● Paper towels
● Marker
● Paint

These speakers are great on the go when you have no power source. The sound is produced by the 
smartphone and amplified in this easy-to-make speaker box. Create a color scheme you love and make your 
design a custom job just for you.

1. Trace the bottom of your phone onto the center of the cardboard tube.
2. Cut that shape out so your phone will fit into the tube.
3. Trace and cut out the shape of the tube ends on the sides of the paper cups.
4. Tear off 2 sheets of paper towel and bunch them up in a ball.  Put that into the end of the cardboard 

tube. Repeat for the other side.
5. Push the ends of the tube through the holes in the paper cups.
6. Paint your speaker box and let it dry.
7. Place the phone in the dock stand and let it play.

The sound waves from your phone are played inside the cardboard tube. They bounce off the walls and are 
softened by the crumpled paper. This dampens the high end, but leaves the low, creating a warmer sound.

ENGAGE/EXPLORE:
1. Guide your child in creating their wave maker.
2. Ask: 

a. How could you use this device to make sounds?
i. Experiment:

1. They may bang it against the table (both table and cup vibrate to make a 
sound—abstract);

2. Or tap the balloon (this is the optimal way to show the vibrations make a 
sound).

ii. Record or state their observations.
iii. Try and explain how the sounds are made.

b. What happens when music is played near the device?
i. Use speakers to play music from the bottom of the cup.
ii. Add salt to help child see the vibrations.

1. Child should record or state observations;
2. Child should  try to conclude what is making the salt vibrate.

EXPLAIN:
1. Read with your children:

a. Sounds All Around, Wendy Pfeffer
i. Use literature to discuss vibrations.

1. Vocal cords make a good example:
a. Have child place their fingers gently on their throat and sing;
b. They should feel their vocal cords vibrating to produce sound.

2. Ask child for any other examples they know of things that vibrate to make sounds.

ELABORATE:
1. Play a selection of instruments:

a. Drums
b. String instrument
c. Wind

2. Ask child how these instruments are making sound.
a. What is it that is vibrating?
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SLIME TIME
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Food coloring
❏ Wax paper
❏ Spatula
❏ Clear tape
❏ Airtight container
❏ ½ cup of shampoo
❏ Warm water
❏ 4 cups of cornstarch
❏ Mixing bowl

DIRECTIONS:
1. Pour the food coloring into the mixing 

bowl.

2. Pour the shampoo into the mixing bowl 
and mix it with the coloring.

3. Continue mixing until you get a thick paste.

4. Pick it up with your hands and mix like 
dough, kneading on the table.

5. Your slime is ready, squish, squeeze, and 
play away!

OBJECTIVE:
Kids will be able to investigate what occurs when 
substances are mixed.

ESSENTIAL QUESTION:

● What happens when substances are 
mixed?

● What happens when there isn’t enough of 
the shampoo or cornstarch?

Oozing, gooey, fun for all. Homemade slime
is a winner with kids. Put down some wax paper to 
make cleanup quick and easy.

LEVEL 1 FUN FACTS
A. Mattel  Inc., a toy 

manufacturing company, 
invented slime in the late 
1970s.

B. Slime is a non-Newtonian fluid, 
meaning it behaves like both a 
solid and a liquid at the same 
time.

C. Mayonnaise will remove slime 
that gets stuck in hair.
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ENGAGE / EXPLORE:
1. Invite child to imagine they are a chemist for a local circus:

a. Their job is to test mixing a variety of chemicals to discover a new substance that can be 
used as a toy for visitors.

b. Prepare a variety of safe chemicals to mix:
i. Salt, sugar, warm water, cold water, cornstarch, shampoo, food coloring
ii. It will be messy—that’s the fun!
iii. Don’t forget safety glasses, gloves, and aprons.

2. Have child design an experiment to systematically test a variety of mixtures of the chemicals.
a. Child should discover a interesting consistency with cornstarch and shampoo.
b. Monitor your child’s  progress and encourage efficient use of materials, but no direction!

i. Ask child if they are losing, gaining, or maintaining material? It is is important for the 
circus to know.

ii. Child should investigate if they are maintaining, gaining or losing material (matter) as 
they mix.

1. Child can measure mass as a means to determine the answer.

EXPLAIN / ELABORATE:

1. Discuss with your child the occurence of different results upon mixing substances.
2. Ask if there is a proper mixture of shampoo and cornstarch for a good consistency.

a. Have your child work  to find an optimal ratio (1/4 cup shampoo:4 cups cornstarch).
b. Your child can create a table to keep track of measurements.

3. Ask child  if their new substance creates or loses any material or if it stays the same?
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TELEPHONE-NOMINAL
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Two paper cups
❏ String (try different lengths!)
❏ Something pointy to make a hole 

(toothpick, pen, etc.)
❏ Tape

DIRECTIONS:
1. Poke small holes in the bottoms of both 

paper cups.

2. Thread the ends of the string through the 
holes in the paper cups. Tie a knot inside 
the cup to keep the string from pulling out. 
Secure with tape.

3. Move the kids holding the cups as far 
apart as the string will allow. With the 
string pulled tight, one kid should speak in 
the cup while the other holds one to their 
ear.

OBJECTIVE:
Kids will be able to design and construct 
telephone cups to investigate how sound is 
transferred.

ESSENTIAL QUESTIONS:

● How might we create a device to 
communicate over long distances?

● What is sound and how is it transmitted?

In this project, kids will learn about sound waves and 
their transmission through a string. It's a favorite from 
many childhoods. This has supplied homemade 
walkie-talkies for tree forts worldwide. Let's create 
one! 

LEVEL 1 FUN FACTS
A. This method of communication 

has been used since 1876, and 
was invented by Alexander 
Graham Bell.

B. The record for the longest 
Telephone-nominal is over 600 
feet!

C.  About 75 percent of tin cans are 
recycled each year, making 
them the most recycled kind of 
material. 
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ELABORATE:
1. Have child revise the cups with other materials

a. Determine if some materials are better than others
b. Do some objects vibrate better than others?

2. Ask questions:
a. How are you able to hear your partner speaking?
b. Where is the string?

ENGAGE / EXPLORE:
1.  Have your child design and carry out an investigation to determine how the telephones are able to 

transmit sound.
a. Predict:

i. How might these cups be used as a telephone?
ii. What will happen to the sound if the string is not tight?
iii. Can you hear a sound if the string is cut?

b. Observe:
i. Child carries out experiments to test out their predictions.
ii. Record their results.

c. Explain:
i. Child constructs explanations from observations:

1. How might these cups be used a telephone?
2. What will happen to the sound if the string is not tight?
3. Can you hear a sound if the string is cut?

EXPLAIN:
1. Discuss the results of the experiment.

a. Is the string important in hearing a sound?  Explain.
b. Is the string able to carry sound to the other person?
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MUD BRICKS
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Dirt
❏ Water
❏ Spoon
❏ Bowl
❏ Ice cube tray
❏ Sunlight

DIRECTIONS:
1. Put two cups of dirt in a bowl and mix in 

water. Add enough that the dirt is wet all 
the way through, but there’s no puddle.

2. Place your mud into the ice cube tray and 
pack it in tight.

3. Place the tray outside in direct sunlight to 
harden the mud. Leave outside for 48 hours 
to harden. It is probably a good idea to set 
several trays out to harden so there are a 
large amount of bricks to build with.

4. Have your kid sketch out the designs they 
plan to build with their mud bricks.

5. Once the mud has hardened, remove the 
bricks from the ice cube tray and start 
building!

Mud brick houses have been a part of human civilization for 
thousands of years. Dating back to the third century B.C., there 
have been 15 reported archeological sites where mud brick 
houses have been discovered. It is a tried and true way to build 
and insulate a structure. Made with simple, cheap materials 
that are readily available all over the world, mud bricks are a 
classic example of resourcing and reusing what we find in our 
environment.

OBJECTIVE:
Kids will be able to design a physical model of a 
simple shelter (connection may be used to 
needs of animals for survival).

ESSENTIAL QUESTION:

● How might we build a simple shelter 
from natural materials that can be used 
from the harsh natural elements for 
survival?

LEVEL 1 FUN FACTS
A. Playing in mud is scientifically 

proven to boost your mood due 
to the microscopic bacteria 
called Mycobacterium vaccae.

B. Pigs, warthogs, elephants and 
rhinos bathe in mud to lower 
their body temperatures.

C. Time to get crafty! Pottery 
made of clay—also known as 
mud—dates back to 27,000 B.C. 
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ELABORATE:
1. Allow child  to revisit their project and build using any method of their choice.

a. Encourage use of bricks.
b. Encourage child to brainstorm on how they can form differently-shaped bricks.

ENGAGE / EXPLORE:
1. Have the child design  their shelter.
2. Provide or ask them to gather materials.

a. Ask them to consider how to build a shelter.
b. Allow them  to make a mess with the mud and explore ways to design a shelter.
c. Nurture the child and encourage both successes and failures.

EXPLAIN:
1. Read books on engineering with your child:

a. Rosie Revere, Engineer, Andrea Beaty 
b. How a House is Built, Gail Gibbons 
c. Look at that Building! A First Book of Structures, Scot Ritchie 

2. Discuss the literature and engineering. 
3. Tell them we will revisit and design our shelter again.

a. Show them how to make bricks with their mud, a way to form building materials.
4. Have child  talk about how they will build their shelter.
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ROBO HAND
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Straws
❏ Zip ties
❏ Cardboard
❏ Markers
❏ Hot glue gun

DIRECTIONS:
1. Trace the shape of your hand onto the 

cardboard, then cut out the shape.

2. Cut knuckle slits into the straws, mimicking 
the position of your own knuckles.

3. Lay the straws with the knuckles facing 
upward, on the fingers of the cardboard 
hand.

4. Run the zip ties through the straws with the 
square connection end at the wrist part of 
the hand.

5. Glue the zip ties to the fingertips after 
they’re put through the straw.

6. Let the glue dry, then pull on the bottom of 
the zip tie line. The finger will curl up, 
bending at the knuckle, looking very much 
like a human hand.

OBJECTIVE:
Kids will be able to use the human hand to explore 
the anatomy and function. Also, the chance to 
compare hands to the front feet of other animals.

Leonardo da Vinci is one of history's most notable scholars. Among 
other interests, he studied human anatomy.  Through his artwork, 
Leonardo detailed the human muscular and skeletal systems. His 
paintings have had a lasting impression on the medical community 
as well as the art world. The anatomy of our cardboard hand will 
help us learn about the anatomy of the human body.  ESSENTIAL QUESTIONS:

● How does the human hand function?
● How does the hand help humans?

ENGAGE:
1. Ask child what kind of things they can do 

with their hands.
2. Have child act them out:

a. Safety and defense (blocking, 
holding on)

b. Eating
c. Constructing (building, drawing, 

writing)
d. Communicating (pointing, waving, 

sign language)

EXPLORE:
1. Construct the robo-hand project. 
2. Have your child take time to familiarize 

themselves with the anatomy of the 
hand.

a. How it bends
b. Number of fingers, function of the 

thumb
c. What happens when they lose the 

use of a finger?

LEVEL 1

EXPLAIN:
1. Discuss humans’ hands vs. other animals.

a. Do other animals have hands?
b. How are they different?  How are they 

similar?
2. Read a few books on animals and discuss:

a. What if a creature doesn’t  have hands?  
b. How might they solve the problems we 

use our hands for?
i. Safety and defense (blocking, 

holding on)
ii. Eating
iii. Constructing (building, drawing, 

writing)
iv. Communicating (pointing, 

waving, sign language)
3. Discuss various animals and their evolved 

traits.
a. Tongues, shells, beaks, claws, trunk etc.

ELABORATE:
1. Child picks one problem we solve with our 

hands.
2. Use a variety of materials to create a device to 

mimic an animal completing the task. 
Examples:

a. An elephant trunk to grab and eat
b. A turtle shell to defend from predators
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GELATIN REFRACTION
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ 1 box of gelatin
❏ Mirror
❏ Laser pointer
❏ Clear containers

DIRECTIONS:
1. Prepare the gelatin and let it harden. Use a 

rectangular dish that is deep enough to 
make a tall cube.

2. Remove the gelatin and place it on a flat 
surface.

3. Turn off the lights and shine a laser pointer 
through the gelatin.

4. Use the mirror to reflect the light back into 
the gelatin. How far does it reach?

5. Measure the angles you can make.

6. See how far into the gelatin mold you can 
shine the laser before the light dies away.

OBJECTIVE:
Kids will be able to conduct scientific 
investigations to discover and describe properties 
of light and the effects objects have on light.

ESSENTIAL QUESTIONS:

● What effect do objects have on light?
● Why is the sky blue?
● What are rainbows?

The use of gelatin in food dates back to the 1400s in medieval 
Britain, where cattle hooves were boiled down to make a gel. 
Gelatin is a great medium to use when learning about light 
reflection and refraction. Using clear gelatin and a laser pointer, 
we can visually observe the way that light is bent inside of a 
suspended solution.  

LEVEL 1 FUN FACTS
A. Gelatin’s spring-like molecular 

structure swells in cold water 
and dissolves in hot water. 

B. Gelatin is a simple and 
effective way to keep hair, skin, 
nails, and teeth healthy.

C. LASER is actually an acronym: 
Light Amplification by 
Stimulated Emission of 
Radiation.
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EXPLAIN:
1. Read a few children's books on light

a. Light: Shadows, Mirrors, and Rainbows, Natalie Myra Rosinsky 
b. Light Is All Around Us, Wendy Pfeffer 

2. Discuss the books with your child. 
a. Reflect back on the stories.

i. Compare examples from the books with the experiment above.
ii. Introduce language:

1. Opaque, translucent, transparent, reflective
2. Have your child identify real-world examples of each one.

b. Use 3D color wheel activity as supporting material for light reflection.
3. The Bill Nye The Science Guy episode, “Light”” is helpful to review concepts about light.

ELABORATE:
1. Explore with your child:

a. Why is the sky blue? And what are rainbows?
b. Child should attempt to make arguments to answer these questions based on experiments 

and prior learning.

ENGAGE / EXPLORE:
1. Put on a Two Bit Circus Foundation Magic Show for your friends and family using light refraction 

techniques!
a. Together with  your child, do a demonstration to make a piece of glass “disappear.”

i. Materials:
1. Large glass beaker
2. Canola oil
3. Small glass beaker—broken (be careful, edges are sharp!)
4. Small glass beaker 
5. Tongs 

ii. Place the canola oil in the large beaker (enough to cover the small beaker).
iii. Add the small glass beaker into the canola oil—you should notice that the beaker 

“disappears.” 
iv. Put on your best magician character—you will turn a broken beaker into a new beaker!

1. Tell your audience you will repair the beaker but not before they shout the 
magic word…..

2. 1…. 2…. 3… place the broken beaker with tongs into the oil 
3. Quickly pull out the small beaker you put in before the show and accept your 

applause!

*The magic show works due to the index of refraction of canola oil and the glass. Both have approximately 
the same refractive index which means they refract (bend) light at similar angles. You cannot, therefore, 
perceive the differences in the two objects as light passes through them.

1. Child plans and conducts an experiment on the properties of light and objects.
a. Give child a variety of materials and a flashlight or other direct light source

i. Materials should include reflective, opaque, translucent, and transparent objects.
1. Two Bit Circus Foundation has a variety of materials that may fit your needs
2. Household items, cardboard, foil, wax paper, clear plastic also work.

b. Ask child:
i. “How might we design an experiment to determine the effects of different materials 

on light?”
ii. Allow child  to generate and conduct their own test to determine the effects of light.

1. Facilitate their design by asking questions that foster critical thinking and 
reflection.

2. Child should make predictions for each object.
3. Child should track their data in a chart.
4. Child should conclude that different objects have different effects on light.

a. Opaque: light is blocked/cannot pass through an object
b. Translucent: some light passes through the object
c. Transparent: all light passes through the object
d. Reflective: light bounces off the object

5. They may not know these terms, however, they may reach the same 
conclusion (i.e. “light is blocked” “it goes through” “comes back”)
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STATIC CHARGES
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ A plastic straw with a paper sleeve.

DIRECTIONS:
1. Tear the paper end off of the straw 

cover.

2. Hold the end of the straw with one hand, 
and with the other, slide the paper up and 
down rapidly on the straw. This friction 
will generate a static charge that is held 
on the surface of the straw.

3. When you have generated a bit of heat 
from the friction, take the straw out and 
put it against a flat, dry, vertical surface. 
The static charge will hold the straw 
against the object. Try it on yourself, 
other walls, and different materials to 
see what works the best.

4. Alternately, place the straw across the 
top of a water bottle. Place a hand near 
the straw and slowly move it away! 
Watch how the straw rotates to follow 
your hand!

OBJECTIVE:

Kids will be able to explore the electrostatic 
phenomenon and ask and answer questions from 
observations.

ESSENTIAL QUESTION:

● What causes some things to attract and 
others to repel?

ENGAGE / EXPLORE:
1. Have your child assist you with the static 

charge demonstration.
2. Ask child to come up with scientific 

questions to determine the cause of the 
straw doing what it does.

a. Remember these are questions, not 
explanations.

i. How might the paper cover 
affect the outcome?

ii. Will using fur cause the 
same effect to occur?

iii. Etc.

Static electricity occurs when there is an imbalance of positive or 
negative electrons in an object. If you have ever run across a 
carpet with socks on and shocked a friend, then you have 
generated and transferred static electricity. This simple 
experiment will introduce you to the properties involved in static 
charges.   

EXPLAIN:

1. Child can  have their own demo set up.
a. They can begin testing to determine 

cause and effect relations.
b. Always make sure child records 

their observations.
2. Child may use other static demos to help 

identify the relationship:
a. Balloon and salt demo
b. Go down playground slide
c. Rub their socks on carpet

ELABORATE:

1. You and your child can create your own 
demos to support their findings.

2. Create a game to show the cause and 
effect relationship.

LEVEL 1
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THAUMATROPE
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Permanent markers
❏ Flat plastic disk or 

rectangle
❏ String or pipe cleaners

DIRECTIONS:
1. Pick the images you would like to blend into 

one: flowers and a vase, bacon and eggs and 
a pan, a bird and a cage, any two things that 
will work well together. You could even use 
text.

2. Draw an image on one side of your disk. 

3. Flip the disk to the other side. Be sure to turn 
it on the same axis that it rotates on. This will 
prevent your image from being upside down.

4. When drawing the second image, you want to 
pretend that the first image is in the same 
place. (But don’t redraw it!) You are making a 
composite image.

5. Attach string to the sides of the disk.

6. Twist the string rapidly between your fingers. 
You will see the images become one as the 
Thaumatrope spins in your fingers.

A thaumatrope consists of two images drawn on opposite 
sides of an object that's attached to two pieces of string.  
When you flip the thaumatrope back and forth, you are able to 
see both pictures at once, due to the phenomenon of 
“persistence of vision”—the eye's ability to retain an image for 
roughly 1/30 of a second after the object is gone. If you flip 
the thaumatrope fast enough, your brain retains the two 
different images long enough to build up a composite image. 
The faster you flip it, the more clearly the illusion appears. 

OBJECTIVE:
Kids will be able to develop a model to describe 
how objects are seen by reflecting light.

ESSENTIAL QUESTIONS:

● How do we see things?
● How do we see different colors?

ENGAGE / EXPLORE:

1. Children build the Thaumatrope activity.
a. Allow kids to construct.
b. Allow kids to play with the toy.

2. Ask them to produce a model of  how it 
works.

a. Use words, pictures, and arrows. 
b. Kids may have gaps in their 

explanation (that is OK!)
3. Evaluate:

a. Informally evaluate their models.
b. Identify their prior knowledge and 

misconceptions.

*Continue on to the second part of this 
combined lesson plan, “3D Color Wheel”

LEVEL 2 FUN FACTS
A. Half of our brain is required 

each time we focus on a new 
object.

B. Humans have two eyeballs to 
identify the distance of an 
object and see the world in 
three dimensions.
 

C. The human eye will focus on 
about 50 things per second.
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SELF-WATERING TERRARIUM
ELEMENTARY SCHOOL 

MATERIALS NEEDED:
❏ Plastic or glass  container
❏ Sand
❏ Potting soil
❏ Seeds 
❏ Water

DIRECTIONS:
1. If your container has a closed top, cut it 

open for access. 
2. Add a layer of sand to the bottom of the 

container.
3. Add a layer of potting soil to the container, 

on top of the sand.
4. Add seeds, whatever you plan to grow in 

the container.
5. Water the seeds, moisten the soil but don't 

over-water.
6. Cap the container.
7. Place in direct sun and let it grow.

As the water evaporates inside of the 
bottle, it forms condensation. That 
moisture falls back to the soil in the 
form of rain. You may need to 
periodically add a small amount of 
water to keep the plant healthy, but this 
terrarium will mostly support itself.

OBJECTIVE:
Ask your kids to  conduct an experiment to see if 
plants need both water and sunlight to grow.

ESSENTIAL QUESTION:
● What do plants need to grow?

A terrarium is a sealed container that can be opened to access 
the plants inside. Closed terrariums create a unique environment 
for plants, as the clear walls trap heat inside and promote plant 
growth. In this project, kids are the creators of their own 
environments as they learn about photosynthesis, evaporation, 
and how plants live.

ENGAGE / EXPLORE:
1. Give child the essential questions and 

the terrarium build instructions.
a. Ask child to design an 

experiment using terrariums to 
provide a scientific response.

b. Facilitate your child’s learning but 
do not direct:

i. Use reflective questioning
ii. Good scientific practices 

for experimental design:
1. Planned 

experiment
2. Variables & 

control (language 
may be too 
advanced)

LEVEL 2 EXPLAIN:
1. Child conducts their experiment over the 

course of several days.
a. Multiple terrariums should be used:

i. Water and light
ii. No light, only water
iii. No water, only light
iv. No water, no light
v. Glass or plastic

b. Child should record observations 
of growth and health of plant.

2. Encourage your child to: 
a. Use good observation techniques
b. Ask reflective questions.

ELABORATE:
1. Have your child  draw  a conclusion from 

their evidence.
2. Report out on their findings.

a. They may do a small presentation 
for friends and family.
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SELF-WATERING TERRARIUM
(Photocopy)

EXPERIMENT

Purpose Materials
I wonder...

Hypothesis

I think...

Procedure Results

Conclusion

I learned that...
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BALLOON RACES
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Balloons
❏ Straws
❏ String
❏ Tape
❏ Your homemade vehicle

DIRECTIONS:
1. Build the track by attaching a string to the 

wall with a thumbtack or tape. Hold the 
other end of the string and walk to the far 
side of the room.

2. Attach the straw and balloon to your racer.

3. Thread the end of the string through the 
straw.

4. After threading the string, inflate the 
balloon and, 3,2,1, LET GO!

OBJECTIVE:
Kids will be able to design a balloon-powered 
vehicle to learn about  the motion of unbalanced 
and balanced forces

ESSENTIAL QUESTIONS:
● Which vehicles were fastest?  
● Do they share common characteristics?  
● How might we cause an object to move? 

Stop moving?
● How might we make an object move 

faster?

Get your kids in the competitive spirit and see who can build the 
best balloon vehicle.  Have them design a racer to attach to a 
balloon. Anything they can create is great, as funky as they want 
to be. We hope to see propeller planes and furry creatures.

LEVEL 2 FUN FACTS

A. Balloons were invented for 
military use and to conduct 
scientific experiments in the 
1820s.

B. When a balloon is popped, the 
noise it make is a sonic boom.

C. A balloon 100 ft in diameter can 
lift 33,000 pounds!
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ELABORATE:
1. Have your child create their own balloon racing game.

a. They may make cars or ships that attach to the straw and string guide.
b. They may mix and match their designed vehicles.

2. Have child make predictions of the motion.
a. Draw pictures with arrows to show the direction of force:

i. When the balloon is not on the vehicle
ii. When the balloon is first to let go
iii. When the balloon runs out of air
iv. When the vehicle comes to a stop.

3. Child conducts trials of their racers.
a. Use observation to determine force arrows for the above scenarios.
b. Make a conclusion from the evidence of the applied forces.

4. Let them race!
a. Enjoy racing vehicles with your child.
b. They can make modifications to vehicles or balloons.

i. Ask for their reasoning.

ENGAGE / EXPLORE:
1. Ask child:

a. If we wanted to make a racing game, how might we get the racers to move?
b. If we wanted them to move even faster?

2. Take the child outside to play with a soccer ball.
a. Have them make several predictions (they may shout out their  predictions):

i. What will the ball do if we leave it there?
ii. What will happen if we kick the ball?
iii. What will happen if it’s against the wall and we kick it?

b. After child makes their predictions, they should conduct a test by doing the tasks.
c. After each task reflect with your child:

i. What did the ball do when we left it there?
ii. What happened when we kicked the ball?
iii. What happened to the ball when it was against the wall and we kicked it?

EXPLAIN:
1. Use drawings with arrows to describe forces in each scenario with your child.

a. Have child practice drawing directions of the forces in various scenarios.
b. Have child identify patterns in unbalanced and balanced scenarios.

2. Demo several scenarios with your child and predict the direction of the force with arrows:
a. Pencil sitting on the table
b. Pencil pushed across the table
c. Two people push a box against each other
d. Two people  pushing a box together
e. Etc.
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3D COLOR WHEEL
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ 4 white paper plates
❏ 12 paper clips
❏ Red, blue, yellow paint
❏ Paint brushes
❏ Mixing cups and stirs
❏ String for hanging

DIRECTIONS:
1. Fold your plates in half to make a crease.  

Unfold and lay them flat, then paint the 
plates in the following color order:

Plate 1 Front: All Blue. Back: Half 
Blue/Green & Half Blue/Violet
Plate 2 Front: All Red/Violet. Back: Half 
Violet & Half Red
Plate 3 Front: All Orange. Back: Half 
Red/Orange & Half Yellow/Orange
Plate 4 Front: All Yellow/Green.  Back: Half 
Yellow & Half Green

Let the paint dry fully before moving on.

2. Refold the plates along the crease marks 
you made, with solid color side folded on 
the inside. Put a paperclip in the middle.

3. Crease both open sides into triangles. This 
will make it look a bit like a bowtie.

4. Follow the same steps with all 4 of the 
plates.

       Let’s create rainbows of paint by mixing three primary colors. But 
why show this using a flat traditional wheel—when we can make 
color explosions in three dimensions!  Building a 3D color wheel 
is a fun study in engineering and spatial thinking. Provide kids 
with paint (red, blue, yellow), paint brushes, stirrers, and cups for 
mixing. They need white paper plates for the painting surface, 
and paper clips to hold them together. 5. Match the plates up with each other to 

form a primary color wheel.
6. Attach the plates to each other with 

paperclips.
7. Tie a large knot in the string to pull 

through the center of the color wheel.  
Make the knot large enough to hang the 
wheel on.

WHAT DO WE NEED TO KNOW?
The color wheel is a circular illustration of color 
hues that shows the interaction between primary 
and secondary colors.

Primary colors: Red, Blue, Yellow
Secondary colors: Purple, Green, Orange

OBJECTIVE:
Kids will be able to develop a model to describe 
how objects are seen by reflecting light.

ESSENTIAL QUESTIONS:
● How do we see things?
● How do we see different colors?

LEVEL 2 FUN FACTS
A. Colorblind people tend to have 

better night vision.

B. Approximately seven million 
different colors can be seen by 
the human eye.

C. “Impossible colors” such as 
red-green and yellow-blue 
exist, but are too complex for 
the human eye.
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ELABORATE:

1. Have your child  revisit their Thaumatrope model:
a. Use their learning to revise model.
b. Should use evidence from sequence as support for the new model.

ENGAGE / EXPLORE:

1. Child builds the Thaumatrope activity.
a. Allow child  to construct.
b. Allow child to play with the toy.

2. Ask child to make a model of how it works.
a. Use words, pictures, and arrows.
b. Your child  may have gaps in their explanation (that is OK!)

EXPLAIN:

1. Read a few children's books on light:
a. Light: Shadows, Mirrors, and Rainbows, Natalie Myra Rosinsky 
b. Light Is All Around Us, Wendy Pfeffer 

2. Watch the Bill Nye the Science Guy Episode on “Light” and/or Cosmos: A Spacetime Odyssey 
Episode 5.

3. Build the 3D color wheel activity with your child.
a. Identify how colors mix to produce new colors.
b. Construct a simple model from learning sequence.

i. Explain how we see different colors:
1. Frequency difference
2. Absorbed light vs reflected light.
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KALEIDOSCOPE &
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Cardboard tube
❏ Firm clear plastic sheet
❏ Hammer and nail
❏ Clear glue
❏ Plastic wrap
❏ Tissue paper
❏ Wrapping paper (Transparent)
❏ Clear plastic pieces, beads, or scraps.

DIRECTIONS:
1. Draw a rectangle on the clear plastic sheet 

the length of the tube and two and a half 
times as wide.

2. Draw lines dividing the rectangle into 3 
parts lengthwise.

3. Fold the plastic along the lines drawn, 
making a triangle.  Use tape to hold the 
shape.

4. Place the plastic prism into the tube, use 
tape to secure.

5. Decorate the outside of your tube.  

Have you gazed through a kaleidoscope before? Watched a 
fractal reality twisting on itself? How does it work? The 
kaleidoscope is an optical instrument with reflective surfaces 
angled to each other in a way that objects at the end of the device 
are reflected in a geometric pattern through the optic lens. 6. Cover the bottom of the tube with a piece 

of black construction paper. Use tape to 
hold it in place. Carefully punch a small 
eye hole in the center of the cover.

7. Cover the top end of the tube with plastic 
wrap. Gently push the center of the 
plastic into the tube to make a little cup.

8. Place small pieces of transparent 
colored plastic in the cup. Beads work 
well here.

9. Cover the top with transparent or wax 
paper. Hold in place with a rubber band, 
cut off excess material, and tape in 
place.

10. Point the tube at a light source and look 
through your eye hole; turn the tube in 
your hands and watch the pattern 
change.

OBJECTIVE:

Kids will construct kaleidoscopes to observe 
that objects are only visible when illuminated by 
light.

ESSENTIAL QUESTION:
● What allows an object to be visible?

LEVEL 2

PERISCOPE (1 OF 2)

ENGAGE / EXPLORE:
1. Have child design and create a kaleidoscope.

a. Child shouldn’t look through it yet.
2. Ask child to attach a dark piece of paper over 

the light hole.
a. This is to block any incoming light. 

i. Ask child to draw or say what 
they see:

1. They should see nothing 
or blackness.

ii. Ask child why they do not see 
anything.

3. Remove the cover and ask them to share what 
they see.

a. Child should draw and articulate what 
they see.
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ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ 2 half-gallon milk or juice containers
❏ 2 4x4 mirrors
❏ Masking tape
❏ Pencil or pen

DIRECTIONS:
1. Cut the pointed ends off of both containers.

2. On the bottom front of both boxes, cut a 
window out leaving a half inch on both 
sides.

3. Place one of the cartons on its side with 
the open window pointing to the right.  On 
the side facing upward, measure 2 ¾ 
inches from the top left corner and make a 
mark with your pen or pencil.

4. Use the ruler to draw a straight line through 
the mark you made to the top right corner 
of the carton.

The periscope is an instrument used to see over or around 
objects. This is done by angling mirrors 45 degrees to one 
another inside of a tube. In this exercise, kids will be making a 
periscope from empty milk containers.  This is a great way for 
kids to learn about light reflection.

5. Use a box cutter to make an opening the 
same size as the side of the mirror.

6. Repeat steps 3-5 with the other container.

7. Insert the mirror into the opening you made 
on one of the cartons. Look through the 
window in the container and adjust the 
mirror to line up your vision.

8. Repeat step 7 with the other container.

9. Finally, insert one of the open ends of the 
container into the other, windows facing 
away from each other.  Use the tape to 
secure the containers together, and you're 
done!  Look through the window and see 
what you’ve made.  Now you can spy 
around corners and over walls!

OBJECTIVE:

Kids will construct kaleidoscopes to observe that 
objects are only visible when illuminated by light.

ESSENTIAL QUESTION:
● What allows an object to be visible?

EXPLAIN:

1. Ask your child:
a. What was different from the first 

time you looked and the second?
b. What allowed those objects to 

appear?
2. Discuss with child

a. Without light, objects that are there 
may not be seen by your eyes

b. Light allows objects to be seen

LEVEL 2

KALEIDOSCOPE &
PERISCOPE (2 OF 2)

ELABORATE:

1. Ask child to show another example of how 
without light they cannot see things.

a. Examples may include covering or 
closing their eyes, shutting curtains, 
turning off lights.

b. Anecdotal evidence can be supported 
as well:

i. When they asleep they cannot 
see things

ii. At night it's hard to see.
2. Child constructs the periscope activity.

a. Child uses their knowledge of light and 
its ability to illuminate to produce an 
evidence-based account of how it 
works.

b. Child can share their explanations with 
friends and family.

i. They can make their 
explanations into a creative 
song.

ii. Use drawings to help support 
their accounts.
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PAPER AIRPLANE
ELEMENTARY SCHOOL 

4. After some test flights, have your kids add 
more weight.

5. Try for further distance, and rebuild until 
they have a plane ready to race. 

6. Now line up and let them fly! 

7. Who can get the furthest carrying the most 
cargo? 

8. What was it about their plane that made it 
fly the best? 

9. What other designs were close in 
comparison, and why?

MATERIALS NEEDED:

❏ Paper
❏ Tape
❏ Coins
❏ Paperclips

DIRECTIONS:
1. Draw a sketch of the plane you’re 

building.

2. Add to your sketch the areas you would 
place weight; hypothesize why these are 
the best places to add your load.

3. Start building your planes. After taking 
some test flights, build a plane that flies 
well and start attaching your weights.

Who doesn’t love paper airplanes?  A classic 
children’s pastime, there are limitless styles that 
all fly differently. In this project, let's make paper 
airplanes and use them to fly carrying cargo. 
Let’s see who can make a plane to carry the most 
weight the furthest distance.

LEVEL 2
CARGO RACE

FUN FACTS
A. The largest cargo plane in the 

world is the Antonov An-225 
Mriya, which can take off 
carrying up to 640 tons.

B. The first FAA-approved drone 
delivery was in July of 2015.

C. The first-ever air cargo flight 
was in 1910.
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OBJECTIVE:

Kids will be able to design paper airplanes to 
support an argument that gravity is always 
locally directed downward.

ESSENTIAL QUESTIONS:
● What causes objects to fall?
● How might we counter the effects of 

gravity?



ELABORATE:
1. Child creates their airplanes.

a. They can make several different designs.
2. Child makes predictions of the motion.

a. Draw pictures with arrows to show the direction of force:
i. When launched
ii. In-flight
iii. At stall
iv. Falling
v. Crashed

3. Child conducts trials of their airplanes:
a. Use observation to determine force arrows for the above scenarios.
b. Make conclusion from evidence of gravity and other forces present.

i. Support reasons for why the plane flies temporarily.
ii. Support why it falls.

4. Let them fly!
a. They can make modifications.

i. Ask your child about their reasoning.

This exploration is designed to be very similar to the exploration for the Balloon Race project. Compare the 
two and see how your child’s learning has grown.

ENGAGE / EXPLORE:
1. Ask child:

a. Ask child: how might we design an airplane to transfer materials?
2. Take the child outside to play with a soccer ball.

a. Have them make several predictions (they may shout out their predictions):
i. What will the ball do if we leave it there?
ii. What will happen if we kick the ball?
iii. What happens if we drop the ball?
iv. What happens if we throw the ball?

b. After child makes their predictions, they should conduct a test by doing the tasks.
c. After each task reflect with your child:

i. What did the ball do when we left it there?
ii. What happened when we kicked the ball along the ground?
iii. What happened when we dropped the ball?
iv. What happened when we threw the ball?

d. Child will answer the same questions as with the Balloon Race, guiding them to new 
information.

EXPLAIN:
1. Use drawings with arrows to describe forces in each scenario with child.

a. Have child practice drawing directions of the forces in various scenarios,
b. Have child identify patterns in unbalanced and balanced scenarios.
c. Concentrate on forces vertically as well as horizontally.

2. Demo several scenarios and have child predict the direction of the force arrows.
a. Pencil sitting on the table:

i. Talk about balanced vertical forces (why the pencil doesn’t fall).
b. Two people push a box against each other:

i. Talk about vertical balanced forces (the earth’s surface or building floor countering 
gravity).

c. Two people pushing a box together.
d. Airplanes’ ability to fly:

i. Wings providing upward lift;
ii. Motion forward.
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INVISIBLE INK
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Lemon juice
❏ Cotton swab
❏ Paper
❏ Cutting board
❏ Oven mitt
❏ Heat source (lamp, hairdryer, hot plate)

DIRECTIONS:
1. Lay your paper out on a table.

2. Dip the cotton swab into the lemon juice 
and use it to write your hidden message.

3. Let the lemon juice dry on the page.

4. Use a heat source to heat up the paper and 
the message should appear.

5. You may need to leave it for half an hour 
depending on your heat source.  Your 
secret message will then be visible.

Invisible ink is a form of steganography, the practice of concealing 
a message inside of another file or format. There are many forms 
of invisible ink that have been utilized over the years, but one of 
the most basic is lemon juice. When applied to paper, lemon juice 
dries leaving no trace. By applying heat to the paper, you can 
make the lemon juice change color, becoming visible to the naked 
eye.

OBJECTIVE:
Kids will be able to explore various thermal 
changes and argue from evidence that some are 
reversible while others are not.

ESSENTIAL QUESTION:

● How might things change under various 
heat conditions? 

ENGAGE / EXPLORE:
1. Ask child to think about how heat affects 

water.
a. Have child use language and 

visuals to share their ideas with 
you.

2. Have child conduct an experiment to add 
heat to ice.

a. Child records what happens to the 
ice when it is heated.

b. Ask your child  if it is the same 
thing as before?

3. Have child conduct the reverse by putting 
the water in a freezer.

a. Child records what happens to the 
ice when it is frozen.

b. Ask your child if it is the same thing 
as before?

4. Repeat the above process to cook an egg.
a. Ask your child if this process is 

irreversible.

LEVEL 2

EXPLAIN:

1. Discuss physical vs. chemical change with 
your child.

a. View a video on physical vs. 
chemical change from a YouTube 
channel such as AumSumTime 

b. Child should practice identifying 
chemical vs. physical changes

ELABORATE:

1. Have child create a new secret message by 
writing with lemon juice.

2. Once done, heat up the paper with your 
child to reveal the message.
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WATER ELECTROLYSIS
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Stainless steel screws
❏ Petri dish
❏ Epsom salts
❏ 9-volt battery
❏ Rubber bands
❏ Acid-base indicator

SAFETY:

● Battery should only be connected after 
experiment is set up.

● Child should not place hands in water 
while battery is connected.

DIRECTIONS:
1. Wrap a rubber band around the battery, 

laying across the terminals on top.

2. Place a screw on each of the battery 
terminals with the large end extended out.  
Slip the ends under the rubber band to hold 
it in place.

3. Use another rubber band to separate the 
battery terminals and hold the bands firmly 
in place.

4. Pour warm water into the petri dish and add 
a third of a teaspoon of Epsom salts.  Stir 
the solution until the salt has fully 
dissolved.

5. Add the acid-base indicator into the 
solution until the color of the water has 
changed.

6. Place the ends of the screws into the water, 
being sure not to get the battery wet. Rest 
it against the side of the dish to balance.

7. Notice the reaction occurring in the dish.  
You will see bubbles forming at the ends of 
the screws.  This is the chemical reaction 
taking place in the solution due to the 
charge from the battery.  

8. Does one side make more bubbles than the 
other?  Why might that be?

Water is made up of hydrogen and oxygen. Through the process 
of electrolysis we can separate these molecules inside of water. 
Electrolysis is a technique that uses a direct current of electricity 
to cause a chemical reaction.  
Our machine will be very 
rudimentary, using a battery
 and steel screws, but it works 
well and is a great way to learn. 

1.

OBJECTIVE:
Kids will be able to develop various models 
to demonstrate that matter is made up of 
particles to small to be seen.

ESSENTIAL QUESTIONS:
● What makes up matter?
● What makes one substance different 

than another?

LEVEL 2 FUN FACTS
A. Word Origin: Electro refers to 

energy and electricity and 
-lysis refers to splitting apart. 

B. Real World Science: Water 
electrolysis can be used as a 
form of renewable energy to 
provide many benefits. 

C. Hydrogen produced in this 
reaction can be stored in fuel 
cells to be used as power, 
decreasing CO2 emissions and 
excess energy generated by 
solar power or wind turbines.
 

D. A group of engineers at Duke 
University set a world record for 
the most fuel-efficient vehicle. 
A hydrogen fuel cell car named 
“Maxwell” circled an 8.5 mile 
racetrack using only one gram 
of hydrogen!
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ELABORATE:
1. Guide your child  in assembling the Electrolysis activity.
2. Monitor your child’s setup for safety.

a. You may want to withhold batteries until the rest of setup is complete.
3. Child should then observe the electrolysis and record observations.
4. Have child construct models from their previous experience on what is happening.

a. Facilitate for your child when they are stuck.
b. Ask guided questions to elicit thinking.
c. Discuss the previous activity with them:

i. Molecules in air so what is in water?
ii. May need to revisit PhET simulation to identify water molecule.

ENGAGE / EXPLORE:
1. Give your child a syringe and a small marshmallow. 

a. Ask child to place the marshmallow in the syringe.
b. Child can then experiment covering the end of the syringe and squeezing and opening the 

syringe to see the effect on the marshmallow.
i. In doing so, your child will see the marshmallow compressing and expanding based 

on the air pressure in the syringe.
ii. Ask your child to use words, pictures, and arrows to produce a model to explain what 

occurs here.

EXPLAIN:
1. Use PhET simulation: States Of Matter.

a. States of matter (phet.colorado.edu).
b. Have your child explore and identify:

i. What various substances look like at the molecular level.
2. Have child revisit their model of the marshmallow syringe.

a. Use the information they learned from the PhET simulation to revise their model.
b. They should now include concepts of small molecules that can be squeezed together or 

pushed apart (demonstrates that air and marshmallow are made of small molecules).
c. Facilitate learning through reflective questioning.
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PENDULUM PAINTING

MATERIALS NEEDED:

❏ Plastic cup or container
❏ String 
❏ Pencil
❏ Tape
❏ 2 chairs
❏ Wooden dowels

ELEMENTARY SCHOOL 

DIRECTIONS:
1. Poke a hole in the bottom of your plastic 

container.
2. Place the dowel across the back of two 

chairs so it is suspended in air. The chairs 
should be about 3-4 feet apart, back to 
back.

3. Hot-glue the string to the top of your plastic 
container.

4. Tie the string on the dowel to suspend the 
plastic container a foot above the ground.

5. Cover the hole on the bottom of the 
container with tape.

6. Fill the cup with water for a test run. Pull off 
the tape and give it a swing. You should see 
circular patterns forming on the ground 
beneath the pendulum.

7. Empty the cup, cover the hole with tape, 
and fill it with paint.

8. Remove the tape and give the pendulum a 
swing, observe the patterns that are 
created on the ground as gravity pulls the 
pendulum in circular geometric shapes.

The first scientific experiments on pendulums were conducted 
around 1602 A.D. by famous scientist Galileo Galilei. Until the 1900s, 
the pendulum was known as the world's most reliable timekeeping 
technology. A pendulum is an object suspended from a point that 
can swing freely using the force of gravity. By creating a pendulum 
with a plastic cup, we can make gravitational art! This is a fun way 
for kids to study gravity while getting a bit messy in the process, and 
what kid doesn't love that?

OBJECTIVE: 
Kids will be able to predict future motion based 
on patterns from observations.
 
ESSENTIAL QUESTIONS:
● How might we predict an object’s 

motion?
● What factors affect the motion of an 

object? 

LEVEL 3
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ELABORATE:

1. Child uses their knowledge of pendulum motion to produce authentic art pieces
a. Child designs their own art
b. Explain their techniques used

i. Throws of pendulum for predictable effects.
c. Have your child display their art in a family art gallery!

ENGAGE / EXPLORE:
1. Give your child materials to make pendulum art.
2. Ask your child to design and conduct a simple test to determine the various motions of the 

pendulum.
a. Have your child  record observations of patterns of paint as they release the pendulum in 

different methods:
i. Straight lines
ii. With curved swing
iii. Push vs. no push
iv. Various heights

b. Child can make use of qualitative and quantitative observations:
i. Time
ii. Velocity
iii. Traveled path

EXPLAIN:
1. Child shares what they observed.

a. Identify predictable motion.
2. You may choose to do instruction if needed to work with the motion of the pendulum.

a. Identify misconceptions.
b. Clarify observations.
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MELTED CRAYON PAINTING
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Crayons—lots, and many colors
❏ Canvas or wood surface
❏ Hair dryer or heat gun
❏ Hot glue gun

DIRECTIONS:
1. Remove the labels from the crayons and lay 

them out in the order you want.

2. Glue the crayons facing down from the top 
of the surface. You want to have a solid line 
of crayons covering the whole top of your 
canvas or wood surface.

3. When the glue has dried, place it in direct 
sun for about an hour. Have the canvas 
standing up against something so the 
crayons are on an angle. After an hour they 
will have softened a bit from the heat.

4. Use a heat gun or blow dryer to melt the 
crayons, letting the wax slide down the 
canvas. After some time, and a lot of 
melting, you will be left with an amazing, 
one-of-a-kind piece of art.

OBJECTIVE:
Kids will be able to conduct a variety of tests to 
see the effects of heating or cooling crayons.

ESSENTIAL QUESTION:
● What effect does adding or removing heat 

have on crayons? 

ENGAGE / EXPLORE:
1. Provide a variety of colored crayons.
2. Ask child to conduct several tests to see 

the effect of heat on crayons.
a. Child should collect data:

i. What they look like 
before/after

ii. Is the process reversible?
b. Should include single color and 

mixing color tests.
3. Child makes conclusions based on 

evidence.

Crayon painting is a unique and cool way to make one-of-a-kind 
art from basic, affordable materials. Use your creative eye to lay 
out the color scheme you want to make. Refer back to the color 
wheel from our earlier projects to pick shades and combinations. 
When you’re done, you’ll have a beautiful, vibrant painting to hang 
on the wall at home.

EXPLAIN:
1. Discuss physical vs chemical change

a. View a video on physical vs. 
chemical change from a YouTube 
channel such as AumSumTime. 

b. Child should practice identifying 
chemical vs. physical changes.

.

LEVEL 3 ELABORATE:
1. Child uses crayons and other materials to 

produce a small painting.
a. Find unique ways to use crayons and 

their change process to produce art.
i. This can include melting and 

cooling crayons to create unique 
color patterns.

ii. Melting crayons and allowing to 
solidify to create 3D shapes and 
structures.
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INFINITY IMAGES 
ELEMENTARY SCHOOL 

MATERIALS NEEDED:
❏ Two pieces of square acrylic plastic mirror
❏ Tape

DIRECTIONS:
1. Tape one of the mirrors to the wall against 

the floor.

2. Sit on the floor opposite the mirror and hold 
the other mirror up facing it.  You will see 
the regression of images immediately.

3. Place an object between the mirrors and 
record the way that it looks as it falls into 
infinity. 

OBJECTIVE:
Kids will learn about the apparent brightness of 
stars including our sun by using observations from 
an infinity mirror.

ESSENTIAL QUESTIONS:

● Why does our sun appear brighter than 
other stars in the sky?

● What does one observe in an infinity 
mirror? Why are the lights “further” away 
smaller and dimmer?

● How might the infinity mirror support a 
scientific explanation of the apparent 
brightness of stars in the sky?

Infinity mirrors are two parallel mirrors that create smaller and 
smaller images that appear to recede into infinity. The 
reflections appear to recede into the distance because the 
light travels the distance it appears to be traveling. Try placing 
different objects between your infinity mirrors to see the way 
they recede into the distance. Try objects with vastly different 
colors or patterns on either side.

ENGAGE / EXPLORE:
1. Place the infinity mirror in front of your 

child.
a. Allow them to observe and look 

in the mirror.
2. Ask your child to make observations 

about the mirror.
a. Child should see a repeated 

pattern.
b. The pattern should get smaller as 

it fades into infinity.
3. Ask your child:

a. Does the pattern end?
i. If so, why does it end?
ii. If not, why does it not 

end? 
b. The pattern continues, however, 

the light source is so far away it 
can no longer be seen.

LEVEL 3

EXPLAIN:

1.  Conduct research on stars with your child:
a. They produce light
b. Locations in the universe
c. Our sun is a star.

2. Provide opportunities for child to explore a light 
source from varying distances.

a. This may include:
i. A flashlight from different 

distances in the room
ii. Video of a train approaching at 

night
iii. Video of a plane taking off.

b. Have child identify and discuss what 
they notice about the light and object as 
they move closer and further away.

a. Support the discussion with reflective 
questioning.

ELABORATE:

1. Ask the question:
a. Is the apparent brightness of our sun 

and stars due to their relative distance 
from earth?

b. Ask child to provide evidence to support 
their answer.

2. Child should provide a method of explanation 
of their choice and use the infinity mirror, 
discussion, and research to support the claim.

a. Methods of explanation can include a 
presentation, poster, experimental 
observation/lab findings, drawings, 3D 
structure, etc.
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THE EGG DROP 
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Eggs
❏ Rubber bands
❏ Straws
❏ Small boxes
❏ Tape 
❏ Cardboard rolls

DIRECTIONS:
1. Nestle the egg safely in a carriage of 

your creation.

2. Take your carriage and egg to a drop site 
where you can let the container fall 
safely from varying heights.

3. Have kids stand shoulder to shoulder 
with their creations.  Let them go!

Get your kids thinking about momentum, force of 
impact, and the factors that can lessen the 
damage the impact creates. Kids should ask which 
materials are more effective for saving their eggs?  
Which structures are most protective?  Do they 
prefer a breakaway cage, or a foam-lined box?  
Why?

OBJECTIVE:
Kids will be able to design a device to safely land 
an egg that is dropped from an elevation.

ESSENTIAL QUESTIONS:

● How might different materials be used to 
protect a dropped egg?

● What material properties are better for 
protecting the egg?

● How might we create a device to protect 
the egg?

According to Galileo's law of falling bodies, objects fall to the 
earth at a constant acceleration. It is the force of gravity that 
pulls these objects to the ground. In this exercise, kids will 
engineer ideas to protect an egg that's being dropped from 
different heights. It’s a study of force in motion as kids will be 
minimizing the impact of collisions to protect their egg.  

LEVEL 3 FUN FACTS
A. The Faberge “Winter Egg” sold 

in 1994 for $5.6 million.

B. David Donoghue holds the 
record for longest egg drop 
without breaking. He threw  an 
egg out of a helicopter onto a 
golf course in the UK from a 
height of 700 feet.

C. What came first: the chicken or 
the egg? One could argue the 
egg! Reptiles (including 
dinosaurs) were laying eggs 
long before chickens evolved. 
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ELABORATE:

1. Child conducts an investigation to test their device without the egg.
a. Observe what happens to the device when it is dropped.
b. Will this protect the egg?

2. Child tests the device with the egg.
a. Did it protect the egg?
b. How would you modify it next time to better protect the egg?

ENGAGE / EXPLORE:
1. Begin by asking child what would happen if an egg was dropped on the floor.

a. After child answers, you could drop an egg to see how easily it breaks.
2. Ask child “how can we create a protector for an egg in case it falls?”

a. Allow child to start brainstorming ideas.
3. Allow child to explore the materials.

a. Ask child to create an investigation of the properties of the materials.
b. Child organizes them in a table based on observed qualities:

i. Hard
ii. Soft
iii. Stretchy, etc.

EXPLAIN:
1. Have child make conclusions about which materials are better for the egg based on their 

observations.
a. Use facilitating questions to guide and support your child’s thinking.

2. Child can now design their device.
a. Draw pictures of the materials they will use.
b. Explain how their device will be assembled.
c. Reasoning for why their device will work.
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ELASTIC SOLAR SYSTEM 
ELEMENTARY SCHOOL 

MATERIALS NEEDED:
❏ Rubber bands: red, green, 

yellow, blue, and white.
❏ Yellow cardstock
❏ Scrap paper

DIRECTIONS:
1. Have the child research the order of the 

planets.

2. Crumple balls of paper in respective sizes 
to the planets. Small planets will need one 
piece while larger planets will take several.

3. Make Mercury by crumpling a half sheet of 
paper tightly, wrap it in white rubber bands.

4. For Venus, use a full sheet of paper 
surrounded by red and yellow elastic 
bands.  This represents the reddish brown 
surface of Venus and its yellow clouds.

5. Mars is roughly half the size of planet 
Earth. Its surface is red all over, so use red 
elastics.

6. Next comes Earth, our home! Earth is 
mostly covered in water, so use blue and 
green to cover the surface.  

7. Jupiter’s next and is the largest planet in 
our solar system. Use 4-5 pieces of paper 
bunched together to mimic its size. Jupiter 
is also one of the most colorful planets in 
our solar system, with stripes across its 
surface in red, yellow, and white. Create 
these patterns with your elastic bands.

8. The next planet is Saturn, and it is the 
second largest in the milky way next to 
Jupiter. Saturn has magnificent rings of ice 
and rock orbiting around the planet. Use 
construction paper to create the ring that 
rests on your planet.

We live in a gravitationally-bound 
system called the Milky Way, 
which consists of the sun and its 
orbiting planets. In this project, 
we will study the planets and 
their composition by building 
models of them using rubber 
bands. The colors of bands we 
use will represent the elemental 
composition of the planets.

9. Uranus comes next, it is a planet larger 
than Earth but smaller than Saturn. Its 
atmosphere is largely greenish blue.

10. Lastly, Neptune is a small blue planet, 
just smaller than Uranus.

OBJECTIVE:
Kids will be able to observe the day and night 
sky and use simple building exercises to help 
support what they observe.

ESSENTIAL QUESTIONS: 

● What patterns and observations do we 
see in the day/night sky?

● What do these patterns and 
observations tell us about each 
celestial object? 

ENGAGE / EXPLORE:
1. Take child outside at various times of 

the day to observe what is visible in the 
sky and where they are.

a. Child may observe the moon 
and the sun (don’t look directly 
at the sun!)

b. Child draws what they see and 
time of day.

2. Host an astronomy night.
a. Child observes what they see in 

the night sky:
i. Moon, stars, planets 

(maybe they mistake 
them for stars)

LEVEL 3

ii. Child should check with several 
hours in between and more than 
one night

b. Child draws what they see and time of 
night

EXPLAIN:
1. Read literature about space and Earth

a. Hello, World! Solar System, Jill 
McDonald

b. A Child's Introduction to the Night Sky,  
Meredith Hamilton 

c. There’s No Place like Space, Tish Rabe
d. Construct Elastic Solar System with 

child.
e. Use their solar system to talk about the 

motion of the various celestial objects 
they observed.

ELABORATE:
1. Child uses their model to demonstrate and 

explain the motion of the planets and the 
observed sky.

a. Planet rotating:
i. Day/night
ii. Stars motion
iii. Stars visible vs. not visible

b. Moon revolving around the earth.
c. Other planets around the sun.
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ELEMENTARY  SCHOOL 

MATERIALS NEEDED:
❏ Straws
❏ Ping pong ball
❏ Cardboard box

DIRECTIONS:
1. Place a cardboard box upside down, the 

bottom of the box will provide a base to 
plant your straws in.  

2. Build up from the box to your drop point, 
the highest part of the track.

3. Use straws for the legs and track of the 
roller coaster; build in turns, drops, and 
twists.

4. Drop your ball at the top of the track and let 
it run. Adjust and rebuild when needed to 
keep the ball from running off.

NEXT LEVEL:

● What tricks and techniques did kids 
develop to improve their track?  

● What new materials and designs did they 
come up with?  

● There are no wrong answers and so many 
ways to make a better build.

OBJECTIVE:
Kids will be able to design simple roller coasters as 
means of converting one form of energy to another 
and its relationship to the speed of an object.

ESSENTIAL QUESTION:

● How does an object's energy affect its 
speed? 

The world's oldest roller coaster dates back to 1912 and still 
stands today in Luna Park, Melbourne. With some simple 
materials and a hot glue gun, kids will engineer a roller coaster 
track for a ping pong ball.  What creates the motion? What will 
make this roller coaster go?

ENGAGE / EXPLORE:
1. Child conducts investigations of objects 

rolling down ramps to observe the effects 
on speed.

a. Child may change the height;
b. Child may change the mass of the 

object;
c. But not at the same time!

2. Child should record observations from 
experimenting.

3. Make claims from evidence on the effect 
of energy on speed of an object:

a. Where does the energy come 
from?

b. How does that energy convert to 
speed?

4. Child creates an explanation of their 
findings.

LEVEL 3

STRAW
ROLLERCOASTER EXPLAIN:

1. Use PhET simulation “Skate Park”
a. Phet.colorado.edu “Skate Park Basics”
b. Allow child to explore the simulator:

i. First in basic mode;
ii. Then, allow the playground 

mode.
c. Ask child to record observations on 

what affects the speed and energy of an 
object:

i. Changing mass
ii. Changing height of the ramp
iii. Effects on speed

2. Discuss your child’s findings with them.
3. Clear up your child’s  misconceptions.

ELABORATE:

1. Child  designs and creates their own roller 
coaster.

a. Incorporate their learning from the 
above activities to be successful.

2. Child produces a detailed drawing of their 
rollercoaster.

a. Identify energy conversions and speed 
at critical points

b. Identifying constraints in their designs.
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POP BOTTLE ECOSYSTEM
ELEMENTARY SCHOOL 

MATERIALS NEEDED:

❏ Empty pop bottle
❏ Potting soil
❏ Aquarium rocks
❏ Small fish
❏ Small plant
❏ Coffee filters

DIRECTIONS:
1. Cut the top off of your pop bottle.

2. Fill the bottom of the bottle with small 
aquarium rocks.

3. Fill the bottle up halfway with water.  Add 
any aquarium toys or objects.

4. Put your fish in the water, it’s their new 
home.

5. Cut a small hole above the water level to 
put fish food through.

6. Turn the top of the bottle over, the cut off 
part.  Line this with the coffee filters.

7. Fill the top of the bottle with a small layer of 
potting soil.

8. Add your plant and nestle it in the soil.

9. Place the inverted top into the bottle, above 
the fish, with its mouth resting in the water.

10. Place it at home in a window where it can 
get sunlight.  The water will grow rich with 
nutrients from the fish, which you must 
feed daily. The fish-water nutrients will feed 
the plant and help it grow healthy.

OBJECTIVE:
Kids will be able to conduct observations from 
experimentation and literature to identify patterns 
in what living things need to live.

ESSENTIAL QUESTIONS:

● What do living things need to survive?
● Do plants and animals have the same 

requirements?

An ecosystem is a community of organisms living within the 
same environment.  For this project, kids will build a thriving 
ecosystem they can put in the window at home. Add a little fishy 
friend and this project relies on you daily to keep the ecosystem 
healthy and balanced.  

LEVEL 3 FUN FACTS
A. Green plants are autotrophs, or 

producers, which means they 
make their own food from 
sunlight. 

B. The greatest number of  plant 
and animal species are found in 
the rainforest biome.

C. Oxygen currently makes up 
about 21 percent of the gases in 
the planet's atmosphere.
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ELABORATE:
1. Have child complete the “What Do Living Things Need” worksheets

a. Support them with cutting, pasting, and reasoning.

ENGAGE / EXPLORE:
1. Create the pop bottle ecosystem with your child.
2. Set up a plant without water.
3. Observe your ecosystem and plant without water for several days.

a. Feed fish daily;
b. Water for plant should come from the fish area;
c. Should be placed in a well-lit window in a temperature-controlled area.

EXPLAIN:
1. Ask child to identify patterns from their daily observations:

a. Of the plant?
b. Of the fish?

2. Read books and ask questions about the topic.
a. Potential literature

i. How a Seed Grows, Helene J. Jordan
ii. Cactus Hotel, Brenda Z. Guiberson 
iii. What’s Alive?, Kathleen Weidner Zoehfeld
iv. I Am a Living Thing, Bobbie Kalman

b. Ask child what living things need:
i. Animals?
ii. Plants?
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Day Plant Fish You

1 

2 

3

4

5

POP BOTTLE ECOSYSTEM
OBSERVATION LOG

DIRECTIONS:
Write your observations of the ecosystem, and how it changes from day to day.
Note: The bottom portion of this page, drawing and cutting, will be used for page 2. Plant Fish Picture (Draw)

DIRECTIONS:
Draw and use the pictures of water, fish food, and human food provided below (and from 
page 1) to cut out and place in the appropriate column. What do your living things need?

Draw and Cut (use for page 2)

Picture of water Picture of fish flakes Picture of water

Picture of pizza Picture of soil Picture of water

Draw and Cut

Picture of sunlight Picture of air blowing Picture of air blowing 

Picture of a sandwich Picture of small worms Picture of bubbles (air in water)



ADDITIONAL 
PROJECT RESOURCES
WEBSITES, BOOKS, ETC.
Provided are additional project resources to 
further supplement project-based learning. It is 
our hopes that parents and children alike will use 
this book as a jumping-off point and be inspired to 
explore other resources beyond these pages.

This playbook is just one resource among a 
plethora of others that continue to be more and 
more accessible during the powerful information 
age in which we currently live. 

Check out the websites and  books listed to help 
create a more robust learning experience, and 
help facilitate STEAM inquiry. It is by sharing 
resources that we hope to foster a creative 
community, develop a maker-mindset, and 
facilitate connections between other reservoirs of 
critical thought.

Thank You!

info@twobitcircus.org
Los Angeles, CA, USA

WEBSITES

1. Imagination Foundation
Helps imagine a world where creativity and entrepreneurship are core social values

i. imagination.org
2. LA Makerspace

Educators and non-educators alike can learn more about maker learning styles here.
i. lamakerspace.org

3. Exploratorium’s The Tinkering Studio
Simple DIY projects that incorporate STEAM/upcycled material models.

i. tinkering.exploratorium.edu/projects
4. Curiosity Machine

Contains an array of science projects for all ranges of maker experiences.
i. www.curiositymachine.org/challenges

5. Instructables:
Open source website, with DIY projects from across the world!

i. www.instructables.com
6. eHow:  

DIY resource website for models and miniatures
i. www.ehow.com/crafts/models-miniatures

7. Thingiverse: 
Website filled with open source 3D print models.

i. www.thingiverse.com/explore/popular
8. Github: 

Website with all the code you could ever dream of! Helpful for more advanced Arduino- and 
Raspberry Pi-based projects.

i. github.com/

BOOKS

1. “The Art of Tinkering” 
i. Karen WIlkinson & Mike Petrich
ii. 150+makers share the stories behind their bold, beautiful work 

2. “20 Makey Makey Projects for the Evil Genius”
i. Colleen Graves and Aaron Graves
ii. Easy-to-follow guide features 20 fun, innovative projects that clearly teach you how to 

dream up and build your own cool inventions.
3. “Meaningful Making”

i. Paulo Blikstein, Sylvia Libow Martinez, Heather Allen Pang
ii. FabLab Fellows share inspirational ideas from their learning spaces, assessment strategies 

and recommended projects across a broad range of age levels.
4. “The Big Book of Makerspace Projects”

i. Colleen Graves and Aaron Graves
ii. Features dozens of DIY, low-cost projects that arm you with the skills necessary to dream 

up and build your own creations. 
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