


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, a teacher, or a friend of the young makers and inventors 
who will work in our STEAM Labs and with our STEAM Project Book, I want to share our 
excitement and our cautions as we release this material to you and your contingent.

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, do not share the 
‘how-to’ portion of this book with them! 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 understand and to find answers to their own questions.

Anyone who has been in a professional development session with me, or in an 
audience when I spoke, will be familiar with this idea, but I’m going to repeat it for 
those of you who have heard me and share it with those of you who are just being 
exposed to our work for the first time. 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 students 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
Executive Director 
Two Bit Circus Foundation
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model is the preferred method of 
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Teachers should not be afraid to 
withhold information from students to 
allow for exploration and discovery.  
These lessons can be combined with 
others to form cohesive units that cover 
a multitude of standards. Lessons and 
tasks provided should be modified as 
needed by the classroom facilitator 
based on the needs of the student 
population.

Be sure to check out the fun facts 
given to a few of the projects!
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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, students 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 perceived “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.

1
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MAN THE CATAPULT!
ELEMENTARY SCHOOL 

2.MD.A.3 Estimate lengths using units of inches, 
feet, centimeters, and meters.

2.MD.A.4 Measure to determine how much longer 
one object is than another, expressing the length 
difference in terms of a standard length unit.

DOK: 
Level 3 - Strategic Thinking 
Level 4 - Extended Thinking

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

The castle is under siege! Experimenting with upcycled materials, students 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, students can alter the length of the lever and 
distance/trajectory of the projectile.

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!

OBJECTIVE:
Students will be able to design a catapult through 
an iterative process to compete in a carnival 
challenge to defeat the Dragon.
*Teacher or students can create 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

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
2-PS1-2. Analyze data obtained from testing 
different materials to determine which materials 
have the properties that are best suited for an 
intended purpose.*

2-PS1-3. Make observations to construct an 
evidence-based account of how an object made 
of a small set of pieces can be disassembled 
and made into a new object.

COMMON CORE CONNECTION: 
W.2.7 Participate in shared research and writing 
projects (e.g., read a number of books on a 
single topic to produce a report; record science 
observations). 

W.2.8 Recall information from experiences or 
gather information from provided sources to 
answer a question. 

MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically. 

2.MD.A.1 Measure the length of an object by 
selecting and using appropriate tools such as 
rulers, yardsticks, meter sticks, and measuring 
tapes.

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! 

5
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ELABORATE:
1. Students revise their designs to improve them.

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

2. Probe students for understanding (evaluation criteria)
a. Challenge their science understanding
b. Ask for precise measurements of lever arms and other components
c. 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. Students compete in the challenge
a. Teams take turns launching objects at the Dragon board

i. Record scores for each team
4. Reflection

a. Have students reflect further on their designs and those of others
i. Do a gallery walk to showcase student work
ii. Encourage the diversity in designs
iii. Encourage the mentality of “failing forward”

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

ENGAGE:
1. Read books on dragons, knights, catapults with students

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 to students.

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

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

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

2. The teacher facilitates student 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. Students build their initial catapults

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

2. Challenge students’ thinking and encourage growth
3. Question (Informal evaluation)

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

4. Give mini-lessons when needed on lever and fulcrum. (Two Bit Circus Foundation has simple 
machine setups available)

a. The project may be combined with other science principles (Newton's laws, energy, torque)
b. Students could conduct an exploration activity—who made the first lever/fulcrum?

5. Have students test how various materials affect the catapult. (Informal evaluation)
a. Rank materials 

i. Flexibility
ii. Hardness
iii. Heaviness

b. Make different versions to test

7
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SALTY SOUND WAVES
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
1-PS4-1. Plan and conduct investigations to 
provide evidence that vibrating materials can 
make sound and that sound can make materials 
vibrate.

COMMON CORE CONNECTION: 
ELA/Literacy 
W.1.7 Participate in shared research and writing 
projects (e.g., explore a number of “how-to” 
books on a given topic and use them to write a 
sequence of instructions).

W.1.8 With guidance and support from adults, 
recall information from experiences or gather 
information from provided sources to answer a 
question.

SL.1.1 Participate in collaborative conversations 
with diverse partners about grade 1 topics and 
texts with peers and adults in small and larger 
groups.

DOK: 
Level 2: Concept

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:
Students will be able to investigate sound and 
determine its interaction with objects.

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

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?

MATERIALS NEEDED:

❏ Two paper cups
❏ Smartphone
❏ Cardboard tube
❏ Paper towels
❏ Marker
❏ Paint

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.

C. Sounds waves cause vibration 
to your eardrums and to 
transmit sound a fluid, cochlea, 
moves through your inner ear.
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ALTERNATIVE ELABORATE::
1. Students observe the smartphone speakers activity mentioned below

a. Provide evidence from observations to support why the sound is amplified
i. Identify material speakers are using to vibrate and produce sound

b. Students share their evidence with the class.

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. Students create with guidance their wave maker
2. Teacher asks students: 

a. How might they use this device to make sounds?
i. Students 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 students see the vibrations

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

3. Evaluate
a. Students’ pattern recognition
b. Identifying cause and effect

EXPLAIN:
1. Teachers read with students:

a. Sounds All Around (ISBN-13: 978-0062386694)
i. Use literature to discuss vibrations

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

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

ELABORATE:
1. Have students explain the wave maker.

a. Assess students on their explanation of how sound is produced
b. Assess students on their explanation of what effect sound has on the object

2. Play a selection of instruments
a. Drums
b. String instrument
c. Wind

3. Ask students how these instruments are making sound
a. What is it that is vibrating
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SLIME TIME
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
5-PS1-4. Conduct an investigation to determine 
whether the mixing of two or more substances 
results in new substances. 

5-PS1-2. Measure and graph quantities to 
provide evidence that regardless of the type of 
change that occurs when heating, cooling, or 
mixing substances, the total weight of matter is 
conserved.

COMMON CORE CONNECTION: 
ELA/Literacy 
W.5.7 Conduct short research projects that use 
several sources to build knowledge through 
investigation of different aspects of a topic. 

W.5.8 Recall relevant information from 
experiences or gather relevant information from 
print and digital sources; summarize or 
paraphrase information in notes and finished 
work, and provide a list of sources.

W.5.9 Draw evidence from literary or 
informational texts to support analysis, 
reflection, and research.
 
Mathematics 
MP.2 Reason abstractly and quantitatively.  

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically. 

5.MD.A.1 Convert among different-sized standard 
measurement units within a given measurement 
system (e.g., convert 5 cm to 0.05 m), and use 
these conversions in solving multi-step, real-world 
problems.

DOK: 
Level 2: Concept
Level 3: Strategic Thinking

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.

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

3. Add the cornstarch and mix it in with the 
spatula.

4. Slowly add warm water into the bowl. eep 
mixing to make the substance a slimy 
texture.

5. Continue mixing until you get a thick 
paste.

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

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

OBJECTIVE:
Students 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?

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

manufacturing company 
invented slime in the late 
1970’s.

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. Students will act as 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. Teacher can prepare a variety of safe chemicals for students 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 students design an experiment to systematically test a variety of mixtures of the chemicals
a. Students should discover a interesting consistency with cornstarch and shampoo
b. Teacher monitor students’ progress and encourage efficient use of materials but no 

direction!
i. Ask students if they are losing, gaining, or maintaining material? It is is important for 

the circus to know
ii. Students should investigate if they are maintaining, gaining or losing material (matter) 

as they mix.
1. Students can measure mass as a means to determine the answer.

3. Evaluate 
a. Team work
b. Problem solving 
c. Experimental design

EXPLAIN / ELABORATE:

1. Students report out on their findings
2. Discuss with students the occurence of different results upon mixing substances
3. Teacher could  ask if there is a proper mixture of shampoo and cornstarch for a good consistency

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

4. Ask students if their new substance creates or loses any material or if it stays the same?
5. Students may keep the slime as souvenir for their hard work
6. Evaluate

a. Conclusion and reasoning from their experiment
b. Experimental process and organizing of data
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TELEPHONE-NOMINAL
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
1-PS4-1. Plan and conduct investigations to 
provide evidence that vibrating materials can 
make sound and that sound can make materials 
vibrate. 

1-PS4-4. Use tools and materials to design and 
build a device that uses light or sound to solve the 
problem of communicating over a distance.* 

4-PS3-2. Make observations to provide evidence 
that energy can be transferred from place to place 
by sound, light, heat, and electric currents.

COMMON CORE CONNECTION: 
ELA/Literacy 
W.1.7 Participate in shared research and writing 
projects (e.g. explore a number of how-to books 
on the  topic and use them to write a sequence of 
instructions). 

W.1.8 With guidance and support from adults, 
recall information from experiences or gather 
information from provided sources to answer a 
question. 

SL.1.1 Participate in collaborative conversations 
with diverse partners about grade level  topics 
and texts with peers and adults in small and 
larger groups. 

W.4.7 Conduct short research projects that build 
knowledge through investigation of different 
aspects of a topic.   

W.4.8 Recall relevant information from 
experiences or gather relevant information from 
print and digital sources; take notes and categorize 
information, and provide a list of sources. 

Mathematics
MP.5 Use appropriate tools strategically.

1.MD.A.1 Order three objects by length; compare 
the lengths of two objects indirectly by using a 
third object. 

1.MD.A.2 Express the length of an object as a 
whole number of length units, by layering multiple 
copies of a shorter object (the length unit) end to 
end; understand that the length measurement of 
an object is the number of same-size length units 
that span it with no gaps or overlaps. Limit to 
contexts where the object being measured is 
spanned by a whole number of length units with no 
gaps or overlaps. 

DOK: 
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

MATERIALS NEEDED:

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

(toothpick, pen, etc.)
❏ Tape

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

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

OBJECTIVE:
Students 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 transferred?

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 is 
recycled each year making it 
the most recycled material. 
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ELABORATE:
1. Teacher may have students revise the cups with other materials

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

2. Students are prompted to talk in pairs or small groups on what they have learned from the cup 
activity

a. Teacher monitors their talks
b. May be done as a whole group if desired

3. Teacher asks students questions
a. How are you able to hear your partner speaking?
b. Where is the string?
c. What is the medium carrying the sound between your group?

4. Evaluate
a. Experimentation with various materials
b. Reasoning 
c. Drawing conclusions from evidence

ENGAGE / EXPLORE:
1.  Teacher engages students in the construction of telephone cups

a. Teacher may opt to create cups beforehand but doesn’t direct the activity
2. Students 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. Students carry out experiments to test out their predictions
ii. Record their results

c. Explain
i. Students construct 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. Hold a whole-group discussion around the results of their experiment

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

2. Teacher discusses the concept of a medium or reads literature on sound and mediums
a. Solids, liquids, and gasses are mediums
b. Teacher may discuss molecular interaction if age-appropriate

3. Evaluate
a. Students’ reasoning
b. Understanding a medium—can they provide examples?
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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. Students carry out experiments to test out their predictions
ii. Record their results

c. Explain
i. Students construct 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. Hold a whole-group discussion around the results of their experiment

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

2. Teacher discusses the concept of a medium or reads literature on sound and mediums
a. Solids, liquids, and gasses are mediums
b. Teacher may discuss molecular interaction if age-appropriate

3. Evaluate
a. Students’ reasoning
b. Understanding a medium—can they provide examples?
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MUD BRICKS
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
K-2-ETS1-2. Develop a simple sketch, drawing, 
or physical model to illustrate how the shape of 
an object helps it function as needed to solve a 
given problem. 

K-2-ETS1-3. Analyze data from tests of two 
objects designed to solve the same problem to 
compare the strengths and weaknesses of how 
each performs. 

K-ESS2-2. Construct an argument supported by 
evidence for how plants and animals (including 
humans) can change the environment to meet 
their needs.

COMMON CORE CONNECTION: 
ELA/Literacy 
R.K.1 With prompting and support, ask and 
answer questions about key details in a text. 

W.K.1 Use a combination of drawing, dictating, 
and writing to compose opinion pieces in which 
they tell a reader the topic or the name of the 
book they are writing about and state an opinion 
or preference about the topic or book.

W.K.2 Use a combination of drawing, dictating, 
and writing to compose informative/explanatory 
texts in which they name what they are writing 
about and supply some information about the 
topic. 

SL.2.5 Create audio recordings of stories or 
poems; use drawings or other visual displays or  
stories to  recount the  experience  when 
appropriate to clarify ideas, thoughts, and feelings.

W.2.6 With guidance and support from adults, use 
a variety of digital tools to produce and publish 
writing, including in collaboration with peers. 

W.2.8 Recall information from experiences or 
gather information from provided sources to 
answer a question. 

Mathematics
MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically. 

2.MD.D.10 Draw a picture graph and a bar graph 
(with single-unit scale) to represent a data set with 
up to four categories. Solve simple put-together, 
take-apart, and compare problems using 
information presented in a bar graph. 

DOK: 
Level 1: Recall
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

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.

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 students 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!

OBJECTIVE:
Students 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 cool 
their body temperature.

C. Time to get crafty! Pottery 
made of clay—also known as 
mud—dates back to 27,000 B.C. 
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MUD BRICKS
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
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information presented in a bar graph. 

DOK: 
Level 1: Recall
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

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 
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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 students 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!

OBJECTIVE:
Students 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 cool 
their body temperature.

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 students to revisit their projects and build using any method of their choice

a. Encourage use of bricks
b. Encourage students to brainstorm on how they can form differently-shaped bricks
c. Encourage soft skills—collaboration, teamwork

2. Evaluate
a. Students’ iterative designs (before and after)
b. Creativity and divergent thinking
c. Reasoning—collaboration
d. Use of language and mathematics to describe characteristics

ENGAGE / EXPLORE:
1. Students are posed with the task of designing their shelter
2. Provide them, or ask them to gather materials 

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

3. Evaluate (informal)
a. Students’ problem-solving process
b. Creativity and divergent thinking
c. Reasoning

EXPLAIN:
1. Read books on engineering to the students 

a. Rosie Revere, Engineer (ISBN-13: 978-1419708459)
b. How a House is Built (ISBN-13: 978-0823412327)
c. Look at that Building! A First Book of Structures (ISBN-13: 978-1554536962)

2. Discuss the literature and engineering with students
a. Tell them we will revisit and design our shelter again
b. Show them how to make bricks with their mud, a way to form building materials

3. Have students talk about how they will build their shelters
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ROBO HAND
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
1-LS1-1. Use materials to design a solution to a 
human problem by mimicking how plants and/or 
animals use their external parts to help them 
survive, grow, and meet their needs.*

COMMON CORE CONNECTION: 
ELA/Literacy 
W.1.7 Participate in shared research and writing 
projects (e.g., explore a number of how-to books 
on a topic and use them to write a sequence of 
instructions).

DOK: 
Level 3: Strategic Thinking
Level 4: Extended Thinking

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:
Students 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.

ESSENTIAL QUESTIONS:

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

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.  

ENGAGE:
1. Ask students what kind of things they can 

do with their hands?
2. Have students act out things they can do 

with their hands
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 with 

students
2. Students 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 the human hand and other animals

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

similar?
2. Read a few books on animals

a. Ask students about their hands
b. What if they don’t have hands?  
c. 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. Students pick one problem we solve with our 

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

mimic an animal completing the task
a. Example could be creating an elephant 

trunk to grab and eat
b. A turtle shell to defend from predators

3. Evaluate
a. Design
b. Functionality
c. Reasoning and comprehension of task

28



ROBO HAND
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
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help us learn about the anatomy of the human body.  
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holding on)
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sign language)

EXPLORE:
1. Construct the robo hand project with 

students
2. Students 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 
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EXPLAIN:
1. Discuss the human hand and other animals

a. Do other animals have hands?
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GELATIN REFRACTION
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
1-PS4-3. Plan and conduct investigations to 
determine the effect of placing objects made with 
different materials in the path of a beam of light.

COMMON CORE CONNECTION: 
ELA/Literacy 
W.1.8 With guidance and support from adults, 
recall information from experiences or gather 
information from provided sources to answer a 
question. 

SL.1.1 Participate in collaborative conversations 
with diverse partners about grade 1 topics and 
texts with peers and adults in small and larger 
groups. 

DOK: 
Level 2: Concept
Level 3: Strategic Thinking

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 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..

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. Use a protractor to measure the angles of refracted light inside of the gelatin.

OBJECTIVE:
Students 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?

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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ELEMENTARY SCHOOL 
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c. Evaluate learning
i. Experimental design
ii. Drawing conclusions from evidence (observations)

EXPLAIN:
1. Read a few children's books on light

a. Light: Shadows, Mirrors, and Rainbows
b. Light Is All Around Us

2. Discuss the book as a class 
a. Reflect back on the stories

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

1. Opaque, translucent, transparent, reflective
2. Have students 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 for students to review concepts about light.

ELABORATE:
1. Students perform two experiments

a. Perform Crystal Jars experiment 
i. Students make predictions and evidence-based conclusions on how the crystal Jar 

works
ii. Students should be using academic language and discussing light through and 

bouncing off of the materials.
b. Perform the Gelatin Refraction activity

i. Students conduct an experiment to determine what will happen as a beam of light 
moves through the gelatin

ii. Colored gelatin and a laser pointer can be used for further discussion.
1. Light will only refract and pass through colors near the laser color
2. Other colors will not pass through as the material becomes opaque and 

absorbs the laser beam
2. Why is the sky blue? And what are rainbows?

a. Students should attempt to make arguments to answer these questions based on 
experiments and prior learning.

3. Evaluate
a. Experimental design
b. Conclusions based on observations and evidence
c. Arguments for why the sky is blue and why we have rainbows.
d. Explanation of the Two Bit Circus Foundation magic show

ENGAGE / EXPLORE:
1. Two Bit Circus Foundation Magic Show using light refraction techniques

a. Teacher does a class 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” (this should be done prior to the students arriving)
iv. Put on your best magician character—you will turn a broken beaker into a new beaker!

1. Tell students 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 class and accept your 

applause!
b. Students will be wondering how it works and wants you to teach them the trick.

i. Do not tell them how it works but you may show them the other beaker if you so 
choose.

ii. Tell them the next activity will help them understand how it works. And segue into 
your next activity.

*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. Students plan and conduct an experiment on the properties of light and objects
a. Students are given 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 students
i. “How might we design an experiment to determine the effects of different materials 

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

light.
1. Facilitate their designs by asking questions that foster critical thinking and 

reflection.
2. Students should make predictions for each object (using a data table format)
3. Students should track their data in a chart (teacher or student created)
4. Students 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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“disappears” (this should be done prior to the students arriving)
iv. Put on your best magician character—you will turn a broken beaker into a new beaker!

1. Tell students 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 class and accept your 

applause!
b. Students will be wondering how it works and wants you to teach them the trick.

i. Do not tell them how it works but you may show them the other beaker if you so 
choose.

ii. Tell them the next activity will help them understand how it works. And segue into 
your next activity.

*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. Students plan and conduct an experiment on the properties of light and objects
a. Students are given 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 students
i. “How might we design an experiment to determine the effects of different materials 

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

light.
1. Facilitate their designs by asking questions that foster critical thinking and 

reflection.
2. Students should make predictions for each object (using a data table format)
3. Students should track their data in a chart (teacher or student created)
4. Students 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 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
3-PS2-3. Ask questions to determine cause and 
effect relationships of electric or magnetic 
interactions between two objects not in contact 
with each other.

COMMON CORE CONNECTION: 
ELA/Literacy 

RI.3.1 Ask and answer questions to 
demonstrate understanding of a text, referring 
explicitly to the text as the basis for the 
answers. (3-PS2-3)

RI.3.3 Describe the relationship between a 
series of historical events, scientific ideas or 
concepts, or steps in technical procedures in a 
text, using language that pertains to time, 
sequence, and cause/effect. (3-PS2-3)

RI.3.8 Describe the logical connection between 
particular sentences and paragraphs in a text 
(e.g., comparison, cause/effect, 
first/second/third in a sequence). (3-PS2-3)

SL.3.3 Ask and answer questions about 
information from a speaker, offering appropriate 
elaboration and detail. (3-PS2-3)

DOK: 
Level 2: Concept
Level 3: Strategic Thinking

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 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!

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.

OBJECTIVE:

Students 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. Present students with the static charge 

demonstration
a. Volunteers can be called up to 

assist
2. After watching the demo ask students 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.
3. Evaluate

a. Students questions
i. Scientific or nonscientific
ii. Related to the demo

LEVEL 1

EXPLAIN:

1. Students have their own demo set up
a. Students can begin testing to 

determine cause and effect relations 
b. Students record observations

2. Students may use other static demos to help 
identify the relationship

a. Balloon and salt demo
b. https://www.youtube.com/watch?v=Vi

ZNgU-Yt-Y
i. Great demos!

c. Go down playground slide
d. Rub their socks on carpet

ELABORATE:

1. Students report out on their cause and effect 
relationships

2. They can create their own demos to support 
their findings

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

4. Evaluate
a. Cause and effect
b. Supported with evidence/demo
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STATIC CHARGES
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
3-PS2-3. Ask questions to determine cause and 
effect relationships of electric or magnetic 
interactions between two objects not in contact 
with each other.

COMMON CORE CONNECTION: 
ELA/Literacy 

RI.3.1 Ask and answer questions to 
demonstrate understanding of a text, referring 
explicitly to the text as the basis for the 
answers. (3-PS2-3)

RI.3.3 Describe the relationship between a 
series of historical events, scientific ideas or 
concepts, or steps in technical procedures in a 
text, using language that pertains to time, 
sequence, and cause/effect. (3-PS2-3)

RI.3.8 Describe the logical connection between 
particular sentences and paragraphs in a text 
(e.g., comparison, cause/effect, 
first/second/third in a sequence). (3-PS2-3)

SL.3.3 Ask and answer questions about 
information from a speaker, offering appropriate 
elaboration and detail. (3-PS2-3)

DOK: 
Level 2: Concept
Level 3: Strategic Thinking

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 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!

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.

OBJECTIVE:

Students 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. Present students with the static charge 

demonstration
a. Volunteers can be called up to 

assist
2. After watching the demo ask students 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.
3. Evaluate

a. Students questions
i. Scientific or nonscientific
ii. Related to the demo

LEVEL 1

EXPLAIN:

1. Students have their own demo set up
a. Students can begin testing to 

determine cause and effect relations 
b. Students record observations

2. Students may use other static demos to help 
identify the relationship

a. Balloon and salt demo
b. https://www.youtube.com/watch?v=Vi

ZNgU-Yt-Y
i. Great demos!

c. Go down playground slide
d. Rub their socks on carpet

ELABORATE:

1. Students report out on their cause and effect 
relationships

2. They can create their own demos to support 
their findings

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

4. Evaluate
a. Cause and effect
b. Supported with evidence/demo
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THAUMATROPE
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
4-PS4-2. Develop a model to describe that light 
reflecting from objects and entering the eye 
allows objects to be seen.

COMMON CORE CONNECTION: 
ELA/Literacy 
SL.4.5  Add audio recordings and visual displays 
to presentations when appropriate to enhance 
the development of main ideas or themes. 

Mathematics 
MP.4  Model with mathematics. 

4.G.A.1 Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpendicular 
and parallel lines. Identify these in 
two-dimensional figures. 

DOK: 
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

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:
Students 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. Students build the Thaumatrope activity

a. Allow students to construct
b. Allow students to play with the toy

2. Ask students to produce a model (refer to 
NGSS use of “Model”) of  how it works

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

explanation (that is OK!)
3. Evaluate

a. Informally evaluate their models
b. Identify student 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.

35



THAUMATROPE
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
4-PS4-2. Develop a model to describe that light 
reflecting from objects and entering the eye 
allows objects to be seen.

COMMON CORE CONNECTION: 
ELA/Literacy 
SL.4.5  Add audio recordings and visual displays 
to presentations when appropriate to enhance 
the development of main ideas or themes. 

Mathematics 
MP.4  Model with mathematics. 

4.G.A.1 Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpendicular 
and parallel lines. Identify these in 
two-dimensional figures. 

DOK: 
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

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:
Students 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. Students build the Thaumatrope activity

a. Allow students to construct
b. Allow students to play with the toy

2. Ask students to produce a model (refer to 
NGSS use of “Model”) of  how it works

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

explanation (that is OK!)
3. Evaluate

a. Informally evaluate their models
b. Identify student 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.

35



SELF-WATERING TERRARIUM
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
2-LS2-1. Plan and conduct an investigation to 
determine if plants need sunlight and water to 
grow.

COMMON CORE CONNECTION: 
ELA/Literacy 
W.2.7 Participate in shared research and writing 
projects (e.g., read a number of books on this 
topic to produce a report; record science 
observations).

W.2.8 Recall information from experiences or 
gather information from provided sources to 
answer a question. 

Mathematics
MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically.

DOK: 
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

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:
Students will be able 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, 
students are gods of their own environments as they learn about photosynthesis, evaporation, and how 
plants live.

ENGAGE / EXPLORE:
1. Students will be presented with the 

essential questions and the terrarium build 
instructions.

a. Ask students to design an 
experiment using terrariums to 
provide a scientific response

b. Teacher facilitates students’ 
learning but does not direct:

i. Use reflective questioning
ii. Encourage students to 

make progress
iii. Good scientific practices 

for experimental design
1. Planned experiment
2. Variables & control 

(language may be 
too advanced)

2. Evaluate
a. Student teamwork
b. Experimental design
c. Ability to identify the question
d. Communicating their plan and its 

intended purpose

LEVEL 2 EXPLAIN:
1. Students conduct 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. Students record observations of 
growth and health of plant

2. Teacher facilitates 
a. Good observation techniques
b. Asks reflective questions

3. Evaluate
a. Experimental process
b. Data collection process

ELABORATE:
1. Students make a conclusion from their 

evidence
2. Report out on their findings to the class

a. They may do a small presentation
b. Teacher may select on groups to 

share out and discuss each 
group’s findings

3. Evaluate
a. Conclusion from evidence
b. Communication of their findings
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SELF-WATERING TERRARIUM
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
2-LS2-1. Plan and conduct an investigation to 
determine if plants need sunlight and water to 
grow.

COMMON CORE CONNECTION: 
ELA/Literacy 
W.2.7 Participate in shared research and writing 
projects (e.g., read a number of books on this 
topic to produce a report; record science 
observations).

W.2.8 Recall information from experiences or 
gather information from provided sources to 
answer a question. 

Mathematics
MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically.

DOK: 
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

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:
Students will be able 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, 
students are gods of their own environments as they learn about photosynthesis, evaporation, and how 
plants live.

ENGAGE / EXPLORE:
1. Students will be presented with the 

essential questions and the terrarium build 
instructions.

a. Ask students to design an 
experiment using terrariums to 
provide a scientific response

b. Teacher facilitates students’ 
learning but does not direct:

i. Use reflective questioning
ii. Encourage students to 

make progress
iii. Good scientific practices 

for experimental design
1. Planned experiment
2. Variables & control 

(language may be 
too advanced)

2. Evaluate
a. Student teamwork
b. Experimental design
c. Ability to identify the question
d. Communicating their plan and its 

intended purpose

LEVEL 2 EXPLAIN:
1. Students conduct 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. Students record observations of 
growth and health of plant

2. Teacher facilitates 
a. Good observation techniques
b. Asks reflective questions

3. Evaluate
a. Experimental process
b. Data collection process

ELABORATE:
1. Students make a conclusion from their 

evidence
2. Report out on their findings to the class

a. They may do a small presentation
b. Teacher may select on groups to 

share out and discuss each 
group’s findings

3. Evaluate
a. Conclusion from evidence
b. Communication of their findings
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SELF WATERING TERRARIUM
STUDENT HANDOUT

NAME:_____________

EXPERIMENT

Purpose Materials
I wonder...

Hypothesis

I think...

Procedure Results

Conclusion

I learned that...
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BALLOON RACES
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
3-PS2-1. Plan and conduct an investigation to 
provide evidence of the effects of balanced and 
unbalanced forces on the motion of an object. 
3-PS2-2. Make observations and/or 
measurements of an object’s motion to provide 
evidence that a pattern can be used to predict 
future motion.

COMMON CORE CONNECTION: 
ELA/Literacy 
RI.3.1 Ask and answer questions to demonstrate 
understanding of a text, referring explicitly to the 
text as the basis for the answers. 

W.3.7 Conduct short research projects that build 
knowledge about a topic. 

W.3.8 Recall information from experiences or 
gather information from print and digital sources; 
take brief notes on sources and sort evidence into 
provided categories. 

Mathematics 
MP.2 Reason abstractly and quantitatively.

MP.5 Use appropriate tools strategically. 

DOK: 
Level 4: Extended Thinking

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!

Get your kids in the competitive spirit and see who can build the best balloon vehicle.  
Have your students 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.

OBJECTIVE:
Students will be able to design a balloon-powered 
vehicle to study the motion of unbalanced and 
balanced forces

ESSENTIAL QUESTIONS:
● Who won the race and why?  
● 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?

LEVEL 2 FUN FACTS

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

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

C. A 100-foot-diameter balloon can 
lift 33,000 pounds!
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BALLOON RACES
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
3-PS2-1. Plan and conduct an investigation to 
provide evidence of the effects of balanced and 
unbalanced forces on the motion of an object. 
3-PS2-2. Make observations and/or 
measurements of an object’s motion to provide 
evidence that a pattern can be used to predict 
future motion.

COMMON CORE CONNECTION: 
ELA/Literacy 
RI.3.1 Ask and answer questions to demonstrate 
understanding of a text, referring explicitly to the 
text as the basis for the answers. 

W.3.7 Conduct short research projects that build 
knowledge about a topic. 

W.3.8 Recall information from experiences or 
gather information from print and digital sources; 
take brief notes on sources and sort evidence into 
provided categories. 

Mathematics 
MP.2 Reason abstractly and quantitatively.

MP.5 Use appropriate tools strategically. 

DOK: 
Level 4: Extended Thinking

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!

Get your kids in the competitive spirit and see who can build the best balloon vehicle.  
Have your students 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.

OBJECTIVE:
Students will be able to design a balloon-powered 
vehicle to study the motion of unbalanced and 
balanced forces

ESSENTIAL QUESTIONS:
● Who won the race and why?  
● 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?

LEVEL 2 FUN FACTS

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

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

C. A 100-foot-diameter balloon can 
lift 33,000 pounds!

41



ELABORATE:
1. Students 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. Students 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. Students conduct 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. Let students enjoy racing their vehicles
b. They can make modifications to vehicles or balloons

i. Ask for reasoning
5. Evaluate

a. Predictions
b. Observations
c. Explanations
d. Design of racing and comprehension of tasks

ENGAGE / EXPLORE:
1. Ask students

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 students outside and have soccer balls for them
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 students make their predictions they should conduct a test by doing the tasks
c. After each task reflect with students.

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

3. Evaluate
a. Students’ predictions
b. Students’ observations
c. Students’ reflection

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

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

2. Demo several scenarios and have students predict the direction of the force with arrows
a. Pencil sitting on the table
b. Pencil pushed across the table
c. Two students push a box against each other
d. Two students pushing a box together
e. Etc.

3. Evaluate
a. Students’ responses and predictions
b. Identification of force arrow directions.
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3D COLOR WHEEL
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
4-PS4-2. Develop a model to describe that light 
reflecting from objects and entering the eye 
allows objects to be seen.

COMMON CORE CONNECTION: 
ELA/Literacy 

SL.4.5 Add audio recordings and visual displays 
to presentations when appropriate to enhance 
the development of main ideas or themes. 

Mathematics 

MP.4 Model with mathematics. 

4.G.A.1 Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpendicular 
and parallel lines. Identify these in 
two-dimensional figures. 

DOK: 
Level 2 - Concept
Level 3 - Strategic Thinking
Level 4 - Extended Thinking

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.

Today, 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 students 
with paint (red, blue, yellow), paint brushes, stirs, 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:
Students 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 are 
colors that are too complex for 
the human eye.

45



3D COLOR WHEEL
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
4-PS4-2. Develop a model to describe that light 
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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.

Today, 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 students 
with paint (red, blue, yellow), paint brushes, stirs, 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:
Students 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 are 
colors that are too complex for 
the human eye.
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ELABORATE:
1. Students revisit their Thaumatrope model

a. Use their learning to revise model
b. Should use evidence from sequence as support for the new model

2. Evaluate
a. Model iterations and growth
b. Use of learning sequence to revise and expand model

ENGAGE / EXPLORE:
1. Students build the Thaumatrope activity

a. Allow students to construct
b. Allow students to play with the toy

2. Ask students to produce and model (refer to NGSS use of “Model”)  how it works
a. Use words, pictures, and arrows 
b. Students may have gaps in their explanation (that is OK!)

3. Evaluate
a. Informally evaluate their models
b. Identify student prior knowledge and misconceptions

EXPLAIN:
1. Read a few children's books on light

a. Light: Shadows, Mirrors, and Rainbows
b. Light Is All Around Us

2. Watch the Bill Nye the Science Guy episode on light and/or Cosmos: A Spacetime Odyssey Episode 5 
a. Students can have a question worksheet to supplement the movie.
b. Lessons on light or discussion should follow the movie and books.

3. Students build the 3D color wheel activity 
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.

4. Evaluate
a. 3D color word explanation
b. Comprehension and misconceptions after video and books
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KALEIDOSCOPE &
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
1-PS4-2. Make observations to construct an 
evidence-based account that objects in darkness 
can be seen only when illuminated.

COMMON CORE CONNECTION: 
ELA/Literacy 
W.1.2 Write informative/explanatory texts in which 
they name a topic, supply some facts about the 
topic, and provide some sense of closure. 

W.1.7 Participate in shared research and writing 
projects (e.g., explore a number of “how-to” books 
on a given topic and use them to write a sequence 
of instructions). 

W.1.8 With guidance and support from adults, 
recall information from experiences or gather 
information from provided sources to answer a 
question. 

SL.1.1 Participate in collaborative conversations 
with diverse partners about grade 1 topics and 
texts with peers and adults in small and larger 
groups. 

Mathematics
MP.4
Model with mathematics.

DOK: 
Level 3: Strategic Thinking

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:

Students 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 students design and create a 

kaleidoscope
a. Students shouldn’t look through it YET!

2. Ask students to attach a dark piece of paper 
over the light hole

a. This is to block any incoming light 
i. Ask students to draw or say 

what they see
1. They should see nothing 

or blackness
ii. Ask students why they do not 

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

they see
a. Students should draw and articulate 

what they see
4. Evaluate

a. Observations
b. Creating conclusions that are 

supported through observations.
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KALEIDOSCOPE &
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
1-PS4-2. Make observations to construct an 
evidence-based account that objects in darkness 
can be seen only when illuminated.

COMMON CORE CONNECTION: 
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topic, and provide some sense of closure. 

W.1.7 Participate in shared research and writing 
projects (e.g., explore a number of “how-to” books 
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of instructions). 

W.1.8 With guidance and support from adults, 
recall information from experiences or gather 
information from provided sources to answer a 
question. 

SL.1.1 Participate in collaborative conversations 
with diverse partners about grade 1 topics and 
texts with peers and adults in small and larger 
groups. 

Mathematics
MP.4
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DOK: 
Level 3: Strategic Thinking
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DIRECTIONS:
1. Draw a rectangle on the clear plastic sheet 
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times as wide.

2. Draw lines dividing the rectangle into 3 
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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.
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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:

Students 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 students design and create a 

kaleidoscope
a. Students shouldn’t look through it YET!

2. Ask students to attach a dark piece of paper 
over the light hole

a. This is to block any incoming light 
i. Ask students to draw or say 
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3. Remove the cover and ask them to share what 

they see
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ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
1-PS4-2. Make observations to construct an 
evidence-based account that objects in darkness 
can be seen only when illuminated.

COMMON CORE CONNECTION: 
ELA/Literacy 

W.1.2 Write informative/explanatory texts in which 
they name the topic, supply some facts about the 
topic, and provide some sense of closure. 

W.1.7 Participate in shared research and writing 
projects (e.g., explore a number of “how-to” books 
on this topic and use them to write a sequence of 
instructions). 

W.1.8 With guidance and support from adults, 
recall information from experiences or gather 
information from provided sources to answer a 
question. 

SL.1.1 Participate in collaborative conversations 
with diverse partners about grade level topics and 
texts with peers and adults in small and larger 
groups. 

Mathematics
MP.4 Model with mathematics.

DOK: 
Level 3: Strategic Thinking

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, students will be making a periscope from empty milk 
containers.  This is a great way for students 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:

Students 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. Question students
a. What was different from the first 

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

appear?
2. Discuss with students

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

b. Light allows object to be seen

LEVEL 2

KALEIDOSCOPE &
PERISCOPE (2 OF 2)

ELABORATE:

1. Ask students 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 classroom 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. Students construct the periscope activity

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

b. Students can share their explanations 
with parents and classmates

i. They can make their 
explanations into a creative 
song

ii. Use drawings to help support 
their accounts.

3. Evaluate
a. Students examples and comprehension 

of light illumination
b. Use of observations to support
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ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
1-PS4-2. Make observations to construct an 
evidence-based account that objects in darkness 
can be seen only when illuminated.

COMMON CORE CONNECTION: 
ELA/Literacy 

W.1.2 Write informative/explanatory texts in which 
they name the topic, supply some facts about the 
topic, and provide some sense of closure. 

W.1.7 Participate in shared research and writing 
projects (e.g., explore a number of “how-to” books 
on this topic and use them to write a sequence of 
instructions). 

W.1.8 With guidance and support from adults, 
recall information from experiences or gather 
information from provided sources to answer a 
question. 

SL.1.1 Participate in collaborative conversations 
with diverse partners about grade level topics and 
texts with peers and adults in small and larger 
groups. 

Mathematics
MP.4 Model with mathematics.

DOK: 
Level 3: Strategic Thinking

MATERIALS NEEDED:
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❏ Masking tape
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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.  
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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:

Students 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. Question students
a. What was different from the first 

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

appear?
2. Discuss with students

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

b. Light allows object to be seen

LEVEL 2
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ELABORATE:

1. Ask students 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 classroom 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. Students construct the periscope activity

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

b. Students can share their explanations 
with parents and classmates

i. They can make their 
explanations into a creative 
song

ii. Use drawings to help support 
their accounts.

3. Evaluate
a. Students examples and comprehension 

of light illumination
b. Use of observations to support
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PAPER AIRPLANE
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
5-PS2-1. Support an argument that the 
gravitational force exerted by Earth on objects is 
directed down.

COMMON CORE CONNECTION: 
ELA/Literacy 

RI.3.1 Ask and answer questions to 
demonstrate understanding of a text, referring 
explicitly to the text as the basis for the 
answers. 

W.3.7 Conduct short research projects that 
build knowledge about the topic. 

W.3.8 Recall information from experiences or 
gather information from print and digital 
sources; take brief notes on sources and sort 
evidence into provided categories. 

Mathematics
MP.2 Reason abstractly and quantitatively. 

MP.5 Use appropriate tools strategically. 

RI.5.1 Quote accurately from a text when 
explaining what the text says explicitly and 
when drawing inferences from the text. 

RI.5.9 Integrate information from several texts on 
the same topic in order to write or speak about the 
subject knowledgeably. 

W.5.1 Write opinion pieces on topics or texts, 
supporting a point of view with reasons and 
information. 

DOK: 
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

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?  My favorite way to pass time as 
a kid, and I had dozens of styles that all flew differently. In this project, 
students will make paper airplanes and use them to fly cargo. Let’s see 
who can make a plane to carry the most weight the furthest distance.

After some test flights, have students add 
some more weight, try for further distance, and 
rebuild until they have a plane ready to race. Now 
line up in groups and let them fly! Who can get the 
furthest carrying the most cargo? What was it 
about their plane that made it fly the best? What 
other designs were close, and why?

OBJECTIVE:

Students 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?

LEVEL 2
CARGO RACE

FUN FACTS
A. The largest cargo plane in the 

world is the Antonov An-225 
Mriya, which can take off with 
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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PAPER AIRPLANE
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
5-PS2-1. Support an argument that the 
gravitational force exerted by Earth on objects is 
directed down.

COMMON CORE CONNECTION: 
ELA/Literacy 

RI.3.1 Ask and answer questions to 
demonstrate understanding of a text, referring 
explicitly to the text as the basis for the 
answers. 

W.3.7 Conduct short research projects that 
build knowledge about the topic. 

W.3.8 Recall information from experiences or 
gather information from print and digital 
sources; take brief notes on sources and sort 
evidence into provided categories. 

Mathematics
MP.2 Reason abstractly and quantitatively. 

MP.5 Use appropriate tools strategically. 

RI.5.1 Quote accurately from a text when 
explaining what the text says explicitly and 
when drawing inferences from the text. 

RI.5.9 Integrate information from several texts on 
the same topic in order to write or speak about the 
subject knowledgeably. 

W.5.1 Write opinion pieces on topics or texts, 
supporting a point of view with reasons and 
information. 

DOK: 
Level 2: Concept
Level 3: Strategic Thinking
Level 4: Extended Thinking

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?  My favorite way to pass time as 
a kid, and I had dozens of styles that all flew differently. In this project, 
students will make paper airplanes and use them to fly cargo. Let’s see 
who can make a plane to carry the most weight the furthest distance.

After some test flights, have students add 
some more weight, try for further distance, and 
rebuild until they have a plane ready to race. Now 
line up in groups and let them fly! Who can get the 
furthest carrying the most cargo? What was it 
about their plane that made it fly the best? What 
other designs were close, and why?

OBJECTIVE:

Students 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?

LEVEL 2
CARGO RACE

FUN FACTS
A. The largest cargo plane in the 

world is the Antonov An-225 
Mriya, which can take off with 
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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ELABORATE:
1. Students create their airplanes

a. They can make several different designs
2. Students make 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. Students conduct 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 to vehicles or balloons

i. Ask for reasoning
5. Evaluate

a. Predictions
b. Observations
c. Explanations
d. Design of airplane to counter the effects of gravity

ENGAGE / EXPLORE:
1. Ask students (intentional repetition from Balloon Race exploration)

a. How might we design an airplane to transfer materials?
2. Take the students outside and have soccer balls for them

a. Have them make several predictions (they may share 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 students make their predictions, they should conduct a test by doing the tasks
c. After each task reflect with students.

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

3. Evaluate
a. Students’ predictions
b. Students’ observations
c. Students’ reflection

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

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

2. Demo several scenarios and have students 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 students push a box against each other

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

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

i. Wings providing upward lift
ii. Motion forward

3. Evaluate
a. Students responses and predictions
b. Identification of force arrow directions.
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INVISIBLE INK
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
2-PS1-4. Construct an argument with evidence 
that some changes caused by heating or cooling 
can be reversed and some cannot.

COMMON CORE CONNECTION: 
ELA/Literacy 

RI.2.1 Ask and answer such questions as who, 
what, where, when, why, and how to demonstrate 
understanding of key details in a text or the 
experience. 

RI.2.3 Describe the connection between a series 
of historical events, scientific ideas or concepts, 
or steps in technical procedures. When was 
invisible ink used in history? 

RI.2.8 Describe how reasons support specific 
points the author makes in a text. 

W.2.1 Write opinion pieces in which they 
introduce the topic or book they are writing 
about, state an opinion, supply reasons that 
support the opinion, use linking words (e.g., 
because, and, also) to connect opinion and 
reasons, and provide a concluding 
statement or section. 

DOK: 
Level 3: Strategic Thinking 

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:
Students 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 students to think about how heat 

affects water.
a. Have students use language and 

visuals
b. Share ideas with the class

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

a. Students record what happens to 
the ice when it is heated

b. Students might be asked if it is the 
same thing as before?

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

a. Students record what happens to 
the ice when it is frozen

b. Students might be asked if it is the 
same thing as before?

4. Repeat the above process to cook an egg.
a. Students could  determine if  this 

process is irreversible

LEVEL 2

EXPLAIN:
1. Hold a discussion with students of physical vs 

chemical change
a. Video on chemical vs physical change
b. Students should practice identifying 

chemical vs. physical changes

ELABORATE:
1. Have students do the next assignment of your 

choice by writing with lemon juice
2. Once done, have students or you heat up the 

paper to reveal their answers
3. Evaluate

a. Have students then construct an 
argument using evidence on whether 
this process is: 

b. Chemical or physical
c. Reversible or irreversible. 
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ELEMENTARY SCHOOL 
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WATER ELECTROLYSIS
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
5-PS1-1. Develop a model to describe that matter 
is made of particles too small to be seen.

COMMON CORE CONNECTION: 
ELA/Literacy 

W.4.7 Conduct short research projects that build 
knowledge through investigation of different 
aspects of a topic. 

W.4.8 Recall relevant information from 
experiences or gather relevant information from 
print and digital sources; take notes and 
categorize information, and provide a list of 
sources.

RI.5.7 Draw on information from multiple print or 
digital sources, demonstrating the ability to 
locate an answer to a question quickly or to solve 
a problem efficiently. 

Mathematics
MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

5.NBT.A.1 Explain patterns in the number of 
zeros of the product when multiplying a number 
by powers of 10, and explain patterns in the 
placement of the decimal point when a decimal is 
multiplied or divided by a power of 10. Use 
whole-number exponents to denote powers of 10. 

5.NF.B.7 Apply and extend previous 
understandings of division to divide unit fractions 
by whole numbers and whole numbers by unit 
fractions. 

5.MD.C.3 Recognize volume as an attribute of 
solid figures and understand concepts of volume 
measurement. 

5.MD.C.4 Measure volumes by counting unit 
cubes, using cubic cm, cubic in, cubic ft, and 
improvised units. 

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

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.

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

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. 

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?

OBJECTIVE:
Students 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 and serve as electricity, 
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 a race track 
8.5 miles using only one gram 
of hydrogen!
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WATER ELECTROLYSIS
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
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ELABORATE:
1. Guide students in assembling the Electrolysis activity
2. Preach safety to students and monitor their set up 

a. You may want to withhold batteries until all setups are complete
3. Students should then observe the electrolysis and record observations
4. Have students construct models from their previous experience on what is happening

a. Facilitate students 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

5. Evaluate
a. Students models
b. Growth mindset
c. Correcting of misconceptions and growth in understanding.

ENGAGE / EXPLORE:
1. Students will be given a syringe and a small marshmallow 

a. Ask students to place the marshmallow in the syringe.
b. Students 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 students will see the marshmallow compressing and expanding based on 

the air pressure in the syringe (don’t tell students this!)
ii. Ask students to use words, pictures, and arrows to produce a model to explain what 

occurs here.
2. Students can share their observations with other groups in their attempts to construct their models
3. Evaluate

a. Informally collect data on student misconceptions

EXPLAIN:
1. Use PhET simulation: States of matter

a. States of matter
b. Have students explore and identify 

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

a. Use the information they learned from the PhET simulation to revise their models
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

3. Evaluate
a. Students models from their revision (growth)
b. Misconceptions
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PENDULUM PAINTING

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
3-PS2-2. Make observations and/or 
measurements of an object’s motion to provide 
evidence that a pattern can be used to predict 
future motion.
4-PS3-4. Apply scientific ideas to design, test, 
and refine a device that converts energy from 
one form to another.*

COMMON CORE CONNECTION: 
ELA/Literacy 

W.3.7 Conduct short research projects that 
build knowledge about a topic. 

W.3.8 Recall information from experiences or 
gather information from print and digital 
sources; take brief notes on sources and sort 
evidence into provided categories

SL.4.5 Add audio recordings and visual displays 
to presentations when appropriate to enhance 
the development of main ideas or themes. 

W.4.7 Conduct short research projects that build 
knowledge through investigation of different 
aspects of a topic. 

W.4.8 Recall relevant information from 
experiences or gather relevant information from 
print and digital sources; take notes and 
categorize information, and provide a list of 
sources. 

ELEMENTARY SCHOOL 

4.OA.A.3 Solve multistep word problems posed 
with whole numbers and having whole-number 
answers using the four operations, including 
problems in which remainders must be interpreted. 
Represent these problems using equations with a 
letter standing for the unknown quantity. Assess 
the reasonableness of answers using mental 
computation and estimation strategies including 
rounding.

Mathematics

MP.4 Model with mathematics. 

4.G.A.1 Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpendicular 
and parallel lines. Identify these in 
two-dimensional figures. 

DOK: 
Level 2: Concept 
Level 3: Strategic Thinking 

MATERIALS NEEDED:

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

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 students to study gravity 
while getting a bit messy in the process, and what kid doesn't love that?

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.

LEVEL 3

OBJECTIVE: 
Student wills 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? 
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PENDULUM PAINTING

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
3-PS2-2. Make observations and/or 
measurements of an object’s motion to provide 
evidence that a pattern can be used to predict 
future motion.
4-PS3-4. Apply scientific ideas to design, test, 
and refine a device that converts energy from 
one form to another.*

COMMON CORE CONNECTION: 
ELA/Literacy 

W.3.7 Conduct short research projects that 
build knowledge about a topic. 

W.3.8 Recall information from experiences or 
gather information from print and digital 
sources; take brief notes on sources and sort 
evidence into provided categories

SL.4.5 Add audio recordings and visual displays 
to presentations when appropriate to enhance 
the development of main ideas or themes. 

W.4.7 Conduct short research projects that build 
knowledge through investigation of different 
aspects of a topic. 

W.4.8 Recall relevant information from 
experiences or gather relevant information from 
print and digital sources; take notes and 
categorize information, and provide a list of 
sources. 

ELEMENTARY SCHOOL 

4.OA.A.3 Solve multistep word problems posed 
with whole numbers and having whole-number 
answers using the four operations, including 
problems in which remainders must be interpreted. 
Represent these problems using equations with a 
letter standing for the unknown quantity. Assess 
the reasonableness of answers using mental 
computation and estimation strategies including 
rounding.

Mathematics

MP.4 Model with mathematics. 

4.G.A.1 Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpendicular 
and parallel lines. Identify these in 
two-dimensional figures. 

DOK: 
Level 2: Concept 
Level 3: Strategic Thinking 

MATERIALS NEEDED:

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

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 students to study gravity 
while getting a bit messy in the process, and what kid doesn't love that?

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.

LEVEL 3

OBJECTIVE: 
Student wills 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? 
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ELABORATE:
1. Students use their knowledge of pendulum motion to produce authentic art pieces

a. Students design their own art
b. Explain their techniques used

i. Throws of pendulum for predictable effects.
c. Students display their art in a class/school art gallery

2. Evaluate
a. Teachers and students observe and “tastefully critique” students’ techniques

i. Identify by patterns by what throws they used
ii. Admire the dazzling arrays of color choices

ENGAGE / EXPLORE:
1. Students are given materials to make pendulum art

a. This can be done in groups, pairs, or individually
2. Ask students to design and conduct a simple test to determine the various motions of the pendulum

a. Students 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. Students can make use of qualitative and quantitative observations
i. Time
ii. Velocity
iii. Traveled path

3. Evaluate
a. Identifying task and purpose
b. Explanation of data they will collect
c. Planned investigation
d. Data collection and process

EXPLAIN:
1. Students share what they observed

a. Identify predictable motion
2. Teacher 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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ELABORATE:
1. Students use their knowledge of pendulum motion to produce authentic art pieces

a. Students design their own art
b. Explain their techniques used

i. Throws of pendulum for predictable effects.
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b. Clarify observations
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MELTED CRAYON PAINTING
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
2-PS1-2. Analyze data obtained from testing 
different materials to determine which materials 
have the properties that are best suited for your 
intended purpose.*

2-PS1-4. Construct an argument with evidence 
that some changes caused by heating or cooling 
can be reversed and some cannot.

COMMON CORE CONNECTION: 
ELA/Literacy 

W.2.7 Participate in shared research and writing 
projects (e.g., read a number of books on your 
topic to produce a report; record science 
observations). 

W.2.8 Recall information from experiences or 
gather information from provided sources to 
answer a question.

Mathematics 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically. 

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

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

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 lessons to pick shades and combinations. When you’re done, you’ll have a beautiful, vibrant painting 
to hang on the wall at home.

ESSENTIAL QUESTION:
● What effect does adding or removing heat 

have on crayons? 

ENGAGE / EXPLORE:
1. Provide students a variety of colored 

crayons
2. Ask students to conduct several tests to 

see the effect of heat on crayons
a. Students 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. Students make conclusions based on 

evidence
4. Evaluate

a. Identifying evidence
b. Are their claims supported?
c. Reasoning and concluding

LEVEL 3 EXPLAIN:
1. Hold a discussion with students of physical vs 

chemical change
a. Video on chemical vs physical change
b. Students should practice identifying 

chemical vs. physical changes
2. Evaluate

a. Comprehension of chemical vs. 
physical change

b. Identification of supporting evidence for 
each change

ELABORATE:
1. Students use 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

b. Evaluate
i. Students identify their 

techniques used by making a 
claim

ii. Support their claim from 
evidence in their art

iii. Draw conclusions about the type 
of changes undergone in their 
process and reversibility of their 
art.
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MELTED CRAYON PAINTING
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
2-PS1-2. Analyze data obtained from testing 
different materials to determine which materials 
have the properties that are best suited for your 
intended purpose.*

2-PS1-4. Construct an argument with evidence 
that some changes caused by heating or cooling 
can be reversed and some cannot.

COMMON CORE CONNECTION: 
ELA/Literacy 

W.2.7 Participate in shared research and writing 
projects (e.g., read a number of books on your 
topic to produce a report; record science 
observations). 

W.2.8 Recall information from experiences or 
gather information from provided sources to 
answer a question.

Mathematics 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically. 

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

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

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 lessons to pick shades and combinations. When you’re done, you’ll have a beautiful, vibrant painting 
to hang on the wall at home.

ESSENTIAL QUESTION:
● What effect does adding or removing heat 

have on crayons? 

ENGAGE / EXPLORE:
1. Provide students a variety of colored 

crayons
2. Ask students to conduct several tests to 

see the effect of heat on crayons
a. Students 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. Students make conclusions based on 

evidence
4. Evaluate

a. Identifying evidence
b. Are their claims supported?
c. Reasoning and concluding

LEVEL 3 EXPLAIN:
1. Hold a discussion with students of physical vs 

chemical change
a. Video on chemical vs physical change
b. Students should practice identifying 

chemical vs. physical changes
2. Evaluate

a. Comprehension of chemical vs. 
physical change

b. Identification of supporting evidence for 
each change

ELABORATE:
1. Students use 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

b. Evaluate
i. Students identify their 

techniques used by making a 
claim

ii. Support their claim from 
evidence in their art

iii. Draw conclusions about the type 
of changes undergone in their 
process and reversibility of their 
art.
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INFINITY IMAGES 
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
4-PS4-2. Develop a model to describe that light 
reflecting from objects and entering the eye allows 
objects to be seen.

5-ESS1-1. Support an argument that the apparent 
brightness of the sun and stars is due to their 
relative distances from the Earth.

COMMON CORE CONNECTION: 
ELA/Literacy 
RI.4.1 Write opinion pieces on topics or texts, 
supporting a point of view with reasons and 
information. 

RI.4.9 Integrate information from two texts on the 
same topic in order to write or speak about the 
subject knowledgeably. 

SL.4.5 Add audio recordings and visual displays to 
presentations when appropriate to enhance the 
development of main ideas or themes.

4.G.A.1 Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpendicular 
and parallel lines. Identify these in 
two-dimensional figures. 

SL.5.5 Include multimedia components (e.g., 
graphics, sound) and visual displays in 
presentations when appropriate to enhance the 
development of main ideas or themes.

Mathematics 
MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

5.G.A.2 Represent real-world and mathematical 
problems by graphing points in the first quadrant 
of the coordinate plane, and interpret coordinate 
values of points in the context of the situation. 

DOK: 
Level 1: Recall
Level 2: Concept 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

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:
Students will be able to pose an argument about 
the apparent brightness of stars including our sun 
by using observations from an infinity mirror.

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.

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?

ENGAGE / EXPLORE:
1. Teacher places the infinity mirror in front 

of the class
a. Allow students to observe and look 

in the mirror
2. Ask students to make observations about 

the mirror
a. Students should see a repeated 

pattern
b. The pattern should get smaller as it 

fades into infinity 
3. Ask students

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 (DO NOT 
TELL STUDENTS THIS)

4. Evaluate
a. Identify student misconceptions 

through their observations and 
answers to questions

LEVEL 3

EXPLAIN:

1. Have the students conduct research on stars
a. They produce light
b. Locations in the universe
c. Our sun being a star

2. Provide opportunities for students 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 students 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 students to provide evidence to 
support their answers

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

a. Methods of explanation can include a 
presentation, poster, experimental 
observation/lab findings, drawings, 3Dd 
structure, etc.

3. Evaluate
a. Identifying their claim
b. Students use observations and 

experience in their support
c. Reasoning and synthesis of information
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INFINITY IMAGES 
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
4-PS4-2. Develop a model to describe that light 
reflecting from objects and entering the eye allows 
objects to be seen.

5-ESS1-1. Support an argument that the apparent 
brightness of the sun and stars is due to their 
relative distances from the Earth.

COMMON CORE CONNECTION: 
ELA/Literacy 
RI.4.1 Write opinion pieces on topics or texts, 
supporting a point of view with reasons and 
information. 

RI.4.9 Integrate information from two texts on the 
same topic in order to write or speak about the 
subject knowledgeably. 

SL.4.5 Add audio recordings and visual displays to 
presentations when appropriate to enhance the 
development of main ideas or themes.

4.G.A.1 Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpendicular 
and parallel lines. Identify these in 
two-dimensional figures. 

SL.5.5 Include multimedia components (e.g., 
graphics, sound) and visual displays in 
presentations when appropriate to enhance the 
development of main ideas or themes.

Mathematics 
MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

5.G.A.2 Represent real-world and mathematical 
problems by graphing points in the first quadrant 
of the coordinate plane, and interpret coordinate 
values of points in the context of the situation. 

DOK: 
Level 1: Recall
Level 2: Concept 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:
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❏ Tape

DIRECTIONS:
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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:
Students will be able to pose an argument about 
the apparent brightness of stars including our sun 
by using observations from an infinity mirror.

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.

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?

ENGAGE / EXPLORE:
1. Teacher places the infinity mirror in front 

of the class
a. Allow students to observe and look 

in the mirror
2. Ask students to make observations about 

the mirror
a. Students should see a repeated 

pattern
b. The pattern should get smaller as it 

fades into infinity 
3. Ask students

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 (DO NOT 
TELL STUDENTS THIS)

4. Evaluate
a. Identify student misconceptions 

through their observations and 
answers to questions

LEVEL 3

EXPLAIN:

1. Have the students conduct research on stars
a. They produce light
b. Locations in the universe
c. Our sun being a star

2. Provide opportunities for students 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 students 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 students to provide evidence to 
support their answers

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

a. Methods of explanation can include a 
presentation, poster, experimental 
observation/lab findings, drawings, 3Dd 
structure, etc.

3. Evaluate
a. Identifying their claim
b. Students use observations and 

experience in their support
c. Reasoning and synthesis of information
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THE EGG DROP 
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
2-PS1-1. Plan and conduct an investigation to 
describe and classify different kinds of 
materials by their observable properties. 
2-PS1-2. Analyze data obtained from testing 
different materials to determine which materials 
have the properties that are best suited for your 
intended purpose.* 
2-PS1-3. Make observations to construct an 
evidence-based account of how an egg holder 
made of a small set of pieces can be 
disassembled and made into a new object. 

COMMON CORE CONNECTION: 
ELA/Literacy 
RI.2.8 Describe how reasons support specific 
points the author makes in a text. 

W.2.7 Participate in shared research and writing 
projects (e.g., read a number of books on your  
topic to produce a report; record science 
observations).
 
W.2.8 Recall information from experiences or 
gather information from provided sources to 
answer a question. 

Mathematics 
MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically.

2.MD.D.10 Draw a picture graph and a bar graph 
(with single-unit scale) to represent a data set with 
up to four categories. Solve simple put-together, 
take-apart, and compare problems using 
information presented in a bar graph.

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

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 students stand shoulder to shoulder 
with their creations.  Let them go!

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, students will engineer ideas to protect an egg that's being dropped 
from different heights. It’s a study of force in motion as students will be 
minimizing the impact of collisions to protect their egg.  

Get your students thinking about momentum, 
force of impact, and the factors that can lessen 
the damage the impact creates. Students 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:
Students 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?

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

the most expensive egg which 
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 the 
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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THE EGG DROP 
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
2-PS1-1. Plan and conduct an investigation to 
describe and classify different kinds of 
materials by their observable properties. 
2-PS1-2. Analyze data obtained from testing 
different materials to determine which materials 
have the properties that are best suited for your 
intended purpose.* 
2-PS1-3. Make observations to construct an 
evidence-based account of how an egg holder 
made of a small set of pieces can be 
disassembled and made into a new object. 

COMMON CORE CONNECTION: 
ELA/Literacy 
RI.2.8 Describe how reasons support specific 
points the author makes in a text. 

W.2.7 Participate in shared research and writing 
projects (e.g., read a number of books on your  
topic to produce a report; record science 
observations).
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answer a question. 
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MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically.
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(with single-unit scale) to represent a data set with 
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take-apart, and compare problems using 
information presented in a bar graph.
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❏ 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 students stand shoulder to shoulder 
with their creations.  Let them go!

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, students will engineer ideas to protect an egg that's being dropped 
from different heights. It’s a study of force in motion as students will be 
minimizing the impact of collisions to protect their egg.  

Get your students thinking about momentum, 
force of impact, and the factors that can lessen 
the damage the impact creates. Students 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:
Students 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?

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

the most expensive egg which 
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 the 
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. Students conduct 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. Students test the device with the egg
a. Did it protect the egg?
b. How would I modify it next time to better protect the egg.

3. Evaluate
a. Evidence and support for their design
b. Modifications based on observations to their design

ENGAGE / EXPLORE:
1. Teacher begins by asking students what would happen if an egg was dropped on the floor

a. After students discuss and answer teacher could drop an egg to see how easily it breaks.
2. Ask students “how can we create a protector for an egg in case it falls?”

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

a. Ask students to create an investigation about the properties of the materials
b. Students organize them in a table based on observed qualities

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

4. Evaluate
a. Experimental design
b. Observations 
c. Organization and collecting of data 

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

observations.
a. Use facilitating questions to guide and support student thinking

2. Students 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

3. Evaluate
a. Conclusion based on evidence
b. Design based on a subset of small pieces
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ELASTIC SOLAR SYSTEM 
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
1-ESS1-1. Use observations of the sun, moon, and 
stars to describe patterns that can be predicted.

COMMON CORE CONNECTION: 
ELA/Literacy 

W.1.7 Participate in shared research and writing 
projects (e.g. explore a number of how-to books on 
your topic and use them to write a sequence of 
instructions). 

W.1.8 With guidance and support from adults, 
recall information from experiences or gather 
information from provided sources to answer a 
question.

Mathematics 

MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics. 

DOK: 
Level 1: Recall  
Level 2: Concept 

MATERIALS NEEDED:
❏ Rubber bands: red, green, 

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

DIRECTIONS:
1. Have the students 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.  

6. 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.

7. 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.

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

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

OBJECTIVE:
Students 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 students outside at various times of 

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

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

b. Students draw what they see and 
time of day

2. Host an astronomy night/or do at home 
with parents

a. Students observe what they see in 
the night sky

i. Moon, stars, planets 
(maybe they mistake them 
for stars)

LEVEL 3

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

b. Students draw what they see and time 
of night

4. Evaluate
a. Informally what they observed

EXPLAIN:
1. Read literature about space and Earth

a. Hello, World! Solar System (ISBN-13: 
978-0553521030)

b. Child's Introduction to the Night Sky 
(ISBN-13: 978-1579123666)

c. There’s No Place like Space (ISBN-13: 
978-0679891154)

2. Construct Elastic Solar System with students 
a. Use their solar system to talk about the 

motion of the various celestial objects 
they observed.

b. Use kinesthetic activities to represent 
the planets, moon, sun, and stars.

i. Students create a “student” 
system

ii. Students walk to represent the 
observed motion of the 
observed objects in the day and 
night sky

iii. Discuss why the stars are not 
visible during the day

iv. Discuss motions of earth and 
reason for day/night

ELABORATE:
1. Students use their models 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

2. Evaluate.
a. Students constructed solar systems

i. Proportional sizes
ii. Observations and motion of the 

system.
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ELASTIC SOLAR SYSTEM 
ELEMENTARY SCHOOL 
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the day to observe what is visible in the 
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ELEMENTARY  SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
4-PS3-1. Use evidence to construct an explanation 
relating the speed of an object to the energy of that 
object.
4-PS3-4. Apply scientific ideas to design, test, and 
refine a device that converts energy from one form 
to another.*

COMMON CORE CONNECTION: 
ELA/Literacy 

RI.4.1  Refer to details and examples in a text 
when explaining what the text says explicitly and 
when drawing inferences from the text. 

RI.4.3 Explain events, procedures, ideas, or 
concepts in a historical, scientific, or technical text, 
including what happened and why, based on 
specific information in the text. 

RI.4.9 Integrate information from two texts on the 
same topic in order to write or speak about the 
subject knowledgeably. 

W.4.2 Write informative/explanatory texts to 
examine a topic and convey ideas and information 
clearly. 

W.4.8  Recall relevant information from 
experiences or gather relevant information from 
print and digital sources; take notes and categorize 
information, and provide a list of sources. 

W.4.9  Draw evidence from literary or informational 
texts to support analysis, reflection, and research. 

Mathematics 

4.OA.A.3 Solve multistep word problems posed 
with whole numbers and having whole-number 
answers using the four operations, including 
problems in which remainders must be interpreted. 
Represent these problems using equations with a 
letter standing for the unknown quantity. Assess 
the reasonableness of answers using mental 
computation and estimation strategies including 
rounding. 

DOK: 
Level 2: Concept 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

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.

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, students will engineer a roller coaster track for a ping pong ball.  
What creates the motion? What will make this roller coaster go?

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 students 
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:
Students 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? 

ENGAGE / EXPLORE:
1. Students conduct investigations of objects 

rolling down ramps to observe the effects 
on speed.

a. Students may change the height
b. Students may change the mass of 

the object
c. But not at the same time!

2. Students 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?

LEVEL 3

STRAW
ROLLERCOASTER 4. Students create an explanation of their findings

5. Evaluate
a. Misconceptions
b. Students’ explanations

EXPLAIN:
1. Use PhET simulation skate park

a. Skate Park
b. Allow students to explore the simulator

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

c. Ask students 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 students findings as a class
3. Clear up student misconceptions

a. Use simulator graphs/charts to support 
your discussion

4. Evaluate
a. Check student understanding by 

changing simulation
i. Students make predictions on 

how those changes effect
1. Energy
2. Motion

ELABORATE:

1. Students design and create their own roller 
coasters

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

2. Students produce a detailed drawing of their 
rollercoaster

a. Identify energy conversions and speed 
at critical points

b. Identifying constraints in their designs.
3. Evaluate

a. Explanation of energy and speed in their 
roller coaster

b. Constraints and engineering design
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Students will be able to design simple roller 
coasters as means of converting one form of 
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the object
c. But not at the same time!

2. Students record observations from 
experimenting

3. Make claims from evidence on the effect 
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POP BOTTLE ECOSYSTEM
ELEMENTARY SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
K-LS1-1. Use observations to describe patterns of 
what plants and animals (including humans) need 
to survive.

COMMON CORE CONNECTION: 
ELA/Literacy 

W.K.7 Participate in shared research and writing 
projects (e.g. explore a number of books by a 
favorite author and express opinions about them). 

K.MD.A.2 Directly compare two objects with a 
measurable attribute in common, to see which 
object has “more of”/”less of” the attribute, and 
describe the difference. 

MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

MP.5 Use appropriate tools strategically.

DOK: 
Level 3: Strategic Thinking
Level 4: Extended Thinking

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.

An ecosystem is a community of organisms living within the same environment.  For this project, students 
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.  

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:
Students 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?

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

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

B. Most 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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C. Oxygen currently makes up 
about 21 percent of the gases in 
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ELABORATE:
1. Students complete the “What Do Living Things Need” worksheets

a. Teacher support with cutting, pasting, and reasoning
2. Evaluate students

a. Cut/paste motor skills
b. Explanation of what living things need by placement of items.

ENGAGE / EXPLORE:
1. Students create the pop bottle ecosystem with facilitator support

a. Recommended 1:1 so students may take their project home
2. Teacher sets up a plant without water
3. Students observe their 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

4. Evaluate (informal)
a.  Students’ use of materials
b.  Research

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

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

2. Teacher facilitates student comprehension through books and questions
a. Potential literature

i. How a Seed Grows (ISBN-13: 978-0062381880)
ii. Cactus Hotel (ISBN-13: 978-0805029604)
iii. What’s Alive? (ISBN-13: 978-0064451321)
iv. I Am a Living Thing (ISBN-13: 978-0778732532)

b. Ask students what living things need
i. Animals
ii. Plants

3. Evaluate (formal and informal)
a. Observation and pattern recognition from the pop bottle ecosystem

i. What fish need to live
ii. What plants need to live
iii. Where do the things come from

b. Reading/listening comprehension
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iii. What’s Alive? (ISBN-13: 978-0064451321)
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Day Plant Fish You

1 

2 

3

4

5

POP BOTTLE ECOSYSTEM
OBSERVATION LOG
NAME:_______________

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 Student 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)
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BOTTLE FLUTE
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-PS4-1. Use mathematical representations to 
describe a simple model for waves that includes 
how the amplitude of a wave is related to the 
energy in a wave.

MS-PS4-2. Develop and use a model to describe 
that waves are reflected, absorbed, or transmitted 
through various materials.
. 
COMMON CORE CONNECTION: 
ELA/Literacy 

SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add interest. 

Mathematics 
MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

6.RP.A.1 Understand the concept of a ratio and 
use ratio language to describe a ratio relationship 
between two quantities. 

6.RP.A.3 Use ratio and rate reasoning to solve 
real-world and mathematical problems.

7.RP.A.2 Recognize and represent proportional 
relationships between quantities.

8.F.A.3 Interpret the equation y = mx + b as 
defining a linear function, whose graph is a straight 
line; give examples of functions that are not linear. 

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:
❏ Plastic bottle
❏ Rubber bands
❏ A balloon
❏ 2 large straws

DIRECTIONS:
1. Drill a hole in the center of the bottom of 

the bottle, the same size as your straw.  
This should be as tight a fit as possible to 
allow for adjustment in sound. 

2. Drill another hole, the same size, on the 
side of the bottle. This will be the straw you 
blow through.

3. Put your straws through the holes. The 
straw from the side, the blow straw, should 
be glued in place. The straw from the 
bottom will stay loose to change the pitch 
of your flute.

4. Cut off the top of the balloon, at about the 
center, and put the balloon over the top of 
the open bottle, attach it with the rubber 
band.

5. Push the straw up through the bottom of 
the bottle to the balloon skin. The 
vibrations of air on the balloon will change 
the pitch and tone played.

The flute is a musical instrument in the woodwinds family. It is unique in its category of instruments because 
it’s reedless and produces sound by the flow of air across an opening. The bottle flute is easy to make, fun to 
play, and will fit right in with our recycled symphony. We used a small plastic container for ours, but try some 
other shapes and sizes. 

6. Cut a small hole in the straw that comes 
up through the bottom. Covering and 
uncovering the hole while blowing through 
the mouth straw will change the tone.

OBJECTIVE:

Students will be able to investigate the 
differences between transverse and longitudinal 
wave pulses through guided inquiry.

ESSENTIAL QUESTION:

● What causes the change in the number of 
standing waves? 

ENGAGE / EXPLORE

1. Explain to students that his module will 
lead up to them inventing and building 
musical instruments

EXPLAIN:
1. Demonstrate wave pulses for students an 

how to measure the amplitude
a. Transverse 
b. Longitudinal

2. The Essential Question for this inquiry 
a. “Does the amplitude of a wave 

affect wave speed?” 
i. Students design an 

experiment to answer this 
question

ii. Use telephone cord or 
slinky (we prefer phone 
cords)

3. Students use the scientific method to 
respond to the question

a. State the purpose and make a 
hypothesis 

b. Think about the measurement 
tools, controls, and variables 

c. Students record data. Students 
analyze their data 

i. Look for trends or patterns
ii. Draw conclusions based on 

their data

LEVEL 1

4. Introduce and demonstrate standing waves
a. Frequency 

i. “Does frequency have an effect 
on the speed of a wave?”

b. Students shake the telephone cords 
i. Model of standing wave in the 

fundamental frequency
ii. “This is a standing wave with half 

of one wave.” 
c. Teacher continues to wiggle the cord  

making standing waves 
i. Point out the nodes and the 

antinodes 
ii. Count how many half-waves there 

are. 
d. Questions for students

i. Can they figure out how to make 
a standing wave with different 
numbers of half-waves (loops) 

ii. Students or facilitator forms 
cooperative groups for 
investigation 

iii. Teacher solicits responses from 
students

ELABORATE:

1. Analysis of experimental data
a. Students should answer the questions on 

the handout. 
b. Synthesizing and analyzing their findings 

from their lab
2. Students discover that wave speed does not 

change with frequency or wavelength
a. Wavelength is constant (within 

experimental error) if tension remains 
constant

3. Teacher reinforces concepts and building of 
knowledge 

a. Standing waves 
b. Frequency and wavelength and their 

measurement
c. Experimental error and pattern 

development in data sets
d. Interactions between matter and energy
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BOTTLE FLUTE
MIDDLE SCHOOL 
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BINARY CODE CRACKING 
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-PS4-3. Integrate qualitative scientific and 
technical information to support the claim that 
digitized signals are a more reliable way to 
encode and transmit information than analog 
signals.

COMMON CORE CONNECTION: 
ELA/Literacy 

RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts. 

RST.6-8.2 Determine the central ideas or 
conclusions of a text; provide an accurate 
summary of the text distinct from prior knowledge 
or opinions.
 
RST.6-8.9 Compare and contrast the information 
gained from experiments, simulations, video, or 
multimedia sources with that gained from reading 
a text on the same topic. 

WHST.6-8.9 Draw evidence from informational 
texts to support analysis, reflection, and research. 

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ Paper
❏ Pencil 

DIRECTIONS:
1. Use the key provided to translate the secret 

code below
2. Student and educators can generate their 

own secret codes and share them with one 
another to decode them

SECRET CODE:

01110100
01110111
01101111

01100010
01101001
01110100

Coding is the language we use to communicate with computers. It’s how programmers are able to 
develop software for everyone to use. It is a language that can set young minds on a path to a 
successful future. In this game, we will introduce students to ASCII binary code.  

The modern binary system was developed in 1679 by Gottfried Leibniz. Leibniz was fascinated by 
the I Ching from China, noting that its hexagrams correspond to binary numbers. In binary code, 
letters are replaced by a series of 0s and 1s. In this game, students will be tasked to decipher binary 
code numbers into their corresponding letters to reveal the hidden message. Use the character 
legend below to crack the code!

OBJECTIVE:
Students will be able to integrate scientific and 
technical information on analog and digital 
signals to support claims that digitial are more 
reliable.

ESSENTIAL QUESTIONS:

● What are analog and digital signals?
● Which signals are more reliable than 

others?  Why?

KEY:

LEVEL 1 FUN FACTS
A. Another form of binary is 

braille, the writing system used 
by the visually impaired. 

B. The longest binary number 
sequence memorized in one 
minute is 270, and was 
achieved by Aravind Pasupathy 
in April 2015. 
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3. Students should use their knowledge and reflect on their past two activities
a. Which method in the above activities could be considered analog? Digital?
b. Does your research understanding of analog and digital match your conclusion about

i. Efficiency?
ii. Reliability?

c. It should be noted that digital is better over longer distances because it is less affected by 
interference. Similarly, their drawings using the graphical method and a series of 0s and 1s 
are less likely to be distorted than an analog picture (interference from us effects the visual)

4. Evaluate
a. Research methods
b. Synthesizing and evaluating of information
c. reasoning

ELABORATE:

1. Ask students
a. Is the idea of a digital signal new?
b. How might we have communicated in the past with analog and digital signals? (don’t tell 

them this!)
i. Traditional mail, talking, music are all analog signals
ii. Morse code is one of the earliest forms of digital signals

2. Present students with a sample of morse code
a. Morse Code alphabet and numbers
b. Have them construct an argument whether it is digital or analog

i. Students should use their previous activities for evidence
ii. Discuss the use over distances

1. Reliability
2. Efficiency
3. Interference

c. How are modern computers and the way they work similar to Morse code?
i. Are they more efficient? 
ii. How?

d. History of Morse code
3. Evaluate

a. Evaluating evidence
b. Reasoning from evidence

ENGAGE::
1. Students are presented the binary code cracking activity
2. Students try and crack the code

a. Allow students a few minutes without the “key”
b. Once students frustration sets in provide them the “key” to allow them to solve it

3. Reflect with students
a. What are the benefits of communicating in 0s and 1s?
b. Was this a more efficient way of communicating?

EXPLORE:
1. Students are presented with a black and white image of the Two Bit Circus Foundation logo

a. Provide students with paper and ask them to draw a copy of the image presented to them
b. Students will struggle and no two copies will look perfectly identical

2. Next present to students a black and white “pixelated” version of the logo on graph paper
a. Provide graph paper and ask students to make a copy of the drawing.
b. Students should find it much easier to make the drawing now, as they shade in specific 

boxes
3. Perform a TPS (Think-Pair-Share)

a. Which method of creating the logo was simpler? 
b. Faster?
c. Which method produced the least differences in copies amongst your peers?
d. Which method was more reliable?
e. Which method is more efficient?

4. Compare/contrast the binary code-breaking activity and the logo activity
a. Using letters is like drawing the picture freehand (analog)
b. Using the binary (0 and 1) is like drawing shading in boxes

5. Evaluate
a. TPS responses from evidence
b. Comparing and contrasting using reasoning

EXPLAIN:
1. Ask students to research online

a. Analog vs. Digital signals
i. Students should gather information
ii. Synthesize into a paragraph 

b. Why are digital signals better than analog over long distances?
i. Gather information and synthesize

2. Teacher may facilitate learning through questioning and shared teacher research
a. Analog vs. digital text
b. Video analog vs. digital
c. how images are stored in a computer
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DENSITY PILLAR 
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-PS1-2. Analyze and interpret data on the 
properties of substances before and after the 
substances interact to determine if a chemical 
reaction has occurred. 

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.1 Cite specific textual evidence to support 
analysis of science and technical texts, attending 
to the precise details of explanations or 
descriptions.

RST.6-8.7 Integrate quantitative or technical 
information expressed in words in a text with a 
version of that information expressed visually (e.g., 
in a flowchart, diagram, model, graph, or table). 
Mathematics 

MP.2 Reason abstractly and quantitatively.

6.RP.A.3 Use ratio and rate reasoning to solve 
real-world and mathematical problems. 

6.SP.B.4 Display numerical data in plots on a 
number line, including dot plots, histograms, and 
box plots. 

6.SP.B.5 Summarize numerical data sets in 
relation to their context. 

DOK: 
Level 1: Recall 
Level 2: Concept
Level 3: Strategic Thinking

MATERIALS NEEDED:

❏ Water
❏ Food coloring
❏ Milk
❏ Honey
❏ Vegetable oil
❏ Dishwashing soap
❏ Tall glass
❏ Ping pong ball
❏ Cherry tomato
❏ Turkey baster

Try your hand at this stackable liquid house of 
cards. This experiment is about fluids of various 
densities, studying their properties and how they 
interact. We will be using water-based liquids, 
meaning made of water and and other dissolved 
substances. 

DIRECTIONS:
1. Place your glass on a table and use the 

turkey baster to put the honey at the 
bottom of the glass.

2. Next add a layer of milk on top of the 
honey.

3. Add a layer of dish soap on top of the milk.

4. Add food coloring to the water and add a 
layer of that above the dish soap.

5. The final layer will be the vegetable oil, add 
that to the top.

Try your hand at this stackable liquid house of cards. This experiment is about 
fluids of various densities, studying their properties and how they interact. We will 
be using water-based liquids, meaning liquids made of water and other dissolved 
substances.

Your pillar is built!  Now, drop your ping 
pong ball on the top layer and watch, what 
happened?  Try a cherry tomato next.  Notice how 
different objects interact with the fluids 
differently.

OBJECTIVE:

Students will be able to construct a density pillar 
and to interpret whether a new substance was 
formed.

ESSENTIAL QUESTIONS:

● How do substances interact when poured 
in a container?

● Do substances always mix?

ENGAGE:

1. Perform a density demo for students 
using oil and water.

a. Have two containers 
i. One filled with water and 

food coloring
ii. One filled with oil

b. Have students rotate to the front of 
the room and record observations 
of the two liquids

c. Have students make predictions on 
what will happen when the two 
substances are “mixed”

d. Pour oil on top of the water
i. Have students record 

observations of the 
substances after the are 
mixed

ii. Have students make 
conclusion based on 
evidence on why the oil 
“floats” on the water

e. Repeat the process by pouring 
water into the oil

i. Make sure you have 
students make predictions, 
observations, and 
conclusions from their 
activity.

LEVEL 1

2. Evaluate
a. Informally students Predictions, 

observations, conclusions.

EXPLORE:

1. Provide students with the material list.
a. Have students observe each material 

independently
b. Students may record mass and volume 

of each substance
2. Ask students to perform experiments to 

determine what happens when various 
combinations of the substances are mixed

3. Evaluate
a. Process of data collection
b. Conclusions made from evidence

EXPLAIN:
1. Students and teacher should discuss why some 

substances float on others
2. Review of density with students may be required
3. Review of chemical and physical changes to 

determine if this applies here
4. These activities should be supplemented with 

other chemical and physical change 
experiments

a. See the Middle School Level 1 project:  
“Water Desalination”

ELABORATE:

1. Students use their data from above to construct 
a density pillar

2. Use their density pillar to discuss density and 
that the substances do not mix because of 
density.

3. If substances do mix discuss if a new substance 
was formed or if the molecules mixed is it a new 
substance?

4. Evaluate
a. Students use of data to draw 

conclusions
b. Reasoning 
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DENSITY PILLAR 
MIDDLE SCHOOL 
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❏ Vegetable oil
❏ Dishwashing soap
❏ Tall glass
❏ Ping pong ball
❏ Cherry tomato
❏ Turkey baster

Try your hand at this stackable liquid house of 
cards. This experiment is about fluids of various 
densities, studying their properties and how they 
interact. We will be using water-based liquids, 
meaning made of water and and other dissolved 
substances. 

DIRECTIONS:
1. Place your glass on a table and use the 

turkey baster to put the honey at the 
bottom of the glass.

2. Next add a layer of milk on top of the 
honey.

3. Add a layer of dish soap on top of the milk.

4. Add food coloring to the water and add a 
layer of that above the dish soap.

5. The final layer will be the vegetable oil, add 
that to the top.

Try your hand at this stackable liquid house of cards. This experiment is about 
fluids of various densities, studying their properties and how they interact. We will 
be using water-based liquids, meaning liquids made of water and other dissolved 
substances.

Your pillar is built!  Now, drop your ping 
pong ball on the top layer and watch, what 
happened?  Try a cherry tomato next.  Notice how 
different objects interact with the fluids 
differently.

OBJECTIVE:

Students will be able to construct a density pillar 
and to interpret whether a new substance was 
formed.

ESSENTIAL QUESTIONS:

● How do substances interact when poured 
in a container?

● Do substances always mix?

ENGAGE:

1. Perform a density demo for students 
using oil and water.

a. Have two containers 
i. One filled with water and 

food coloring
ii. One filled with oil

b. Have students rotate to the front of 
the room and record observations 
of the two liquids

c. Have students make predictions on 
what will happen when the two 
substances are “mixed”

d. Pour oil on top of the water
i. Have students record 

observations of the 
substances after the are 
mixed

ii. Have students make 
conclusion based on 
evidence on why the oil 
“floats” on the water

e. Repeat the process by pouring 
water into the oil

i. Make sure you have 
students make predictions, 
observations, and 
conclusions from their 
activity.

LEVEL 1

2. Evaluate
a. Informally students Predictions, 

observations, conclusions.

EXPLORE:

1. Provide students with the material list.
a. Have students observe each material 

independently
b. Students may record mass and volume 

of each substance
2. Ask students to perform experiments to 

determine what happens when various 
combinations of the substances are mixed

3. Evaluate
a. Process of data collection
b. Conclusions made from evidence

EXPLAIN:
1. Students and teacher should discuss why some 

substances float on others
2. Review of density with students may be required
3. Review of chemical and physical changes to 

determine if this applies here
4. These activities should be supplemented with 

other chemical and physical change 
experiments

a. See the Middle School Level 1 project:  
“Water Desalination”

ELABORATE:

1. Students use their data from above to construct 
a density pillar

2. Use their density pillar to discuss density and 
that the substances do not mix because of 
density.

3. If substances do mix discuss if a new substance 
was formed or if the molecules mixed is it a new 
substance?

4. Evaluate
a. Students use of data to draw 

conclusions
b. Reasoning 
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MOTORIZED MARKER CAR
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-PS3-5. Construct, use, and present 
arguments to support the claim that when the 
kinetic energy of an object changes, energy is 
transferred to or from the object.

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts, 
attending to the precise details of explanations 
or descriptions. (MS-PS3-5)

WHST.6-8.1 Write arguments focused on 
discipline content. (MS-PS3-5)

Mathematics 
MP.2 Reason abstractly and quantitatively. 
(MS-PS3-5)

6.RP.A.1 Understand the concept of ratio and 
use ratio language to describe a ratio 
relationship between two quantities. (MS-PS3-5)

7.RP.A.2 Recognize and represent proportional 
relationships between quantities. (MS-PS3-5)

8.F.A.3 Interpret the equation y = mx + b as 
defining a linear function, whose graph is a 
straight line; give examples of functions that are 
not linear. (MS-PS3-5)
.
DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ Toy car
❏ 1.5v hobby motor
❏ A dime
❏ Washable marker
❏ Electrical tape
❏ AAA Battery
❏ Wire
❏ Paper
❏ Glue guns

DIRECTIONS:

1. Attach wires to the positive and negative 
terminals on the motor.

2. Hot glue a quarter to the end of the motor 
arm.  This will provide the counterweight 
that vibrates the motor.  Glue the coin 
off-center to create the vibration.

3. Glue the motor to the top of the toy car with 
the dime facing the front of the car. The 
position of the motor will also impact the 
movement of the car.

4. Glue your marker to the back of the car with 
the point of the marker touching the ground 
underneath.

5. Attach a battery to the motor terminals 
using electrical tape, then tape the battery 
to the car.

6. Put the car down on a large piece of craft 
paper and let it rip! 

Motors are a surefire way to spark interest in your students. Everybody loves watching an invention 
come alive. In this project, we will motorize a toy car and attach markers to create freeform drawings. When 
we counterbalance the motor and attach a power supply, it charts a random path that’s recorded by 
markers. Try switching markers to add new colors. Layers on layers will make for a great piece of art.

OBJECTIVE:

Students will be able to use their toy car to 
construct an argument that change in kinetic 
energy is caused by energy transferring into or out 
of the object.

ESSENTIAL QUESTIONS:
● What causes the car to start moving or to 

stop?  Speed up?  Slow down?
● What factors cause the car’s motion to 

change?

ENGAGE / EXPLORE

1. Students are provided a car to study what 
causes the cars to move

2. Task students with experimenting to 
construct an argument on energy

3.  Students may use the marker set up and 
counter balances to add additional 
variables to test

4. Or they may use the marker set up as a 
measuring tool

a. Determine what factors (energy 
change) affect the rate of motion 
of the car (length of drawn lines in 
time)

5. Evaluate
a. Students experiment
b. Argument
c. Misconceptions

LEVEL 1

EXPLAIN:
1. Review conservation of energy with students-; 

they may use PhET skate park simulator.
2. Practice identifying energy and types (gravity, 

electrical, kinetic, thermal)
3. Supplemental research from text and internet 

may be used.

ELABORATE:

1. Students revise their experimental model and 
arguments to support a claim about the effects 
of changing kinetic energy

2. Students should discuss the available potential 
energy to affect the kinetic

a. Type of battery
b. Amount of charge left
c. Number of batteries

3. Evaluate
a. Students experiment
b. Argument
c. Misconceptions
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MIDDLE SCHOOL 
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SCENT BOXES 
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-LS1-8. Gather and synthesize information that 
sensory receptors respond to stimuli by sending 
messages to the brain for immediate behavior or 
storage as memories.

COMMON CORE CONNECTION: 
ELA/Literacy 

WHST.6-8.8 Gather relevant information from 
multiple print and digital sources, using search 
terms effectively; assess the credibility and 
accuracy of each source; and quote or paraphrase 
the data and conclusions of others while avoiding 
plagiarism and following a standard format for 
citation.

DOK: 
Level 1: Recall
Level 2: Concept

MATERIALS NEEDED:
❏ Small boxes or jars
❏ Items with strong smells (eucalyptus, mint, 

cinnamon, orange peel, etc)

DIRECTIONS:
1. Fill the jars with different strong-smelling 

items and cap them.

2. Blindfold your students and have them 
smell different jars in an effort to identify 
the contents.

Simple right?  Let's expand on this and make it 
more engaging for the students.  Try splitting them 
into teams and have a prize ready for the winners, 
how about first choice of materials in the 
makerspace?  Have one student blindfolded, and 
the others watching them guess, then switch 
students so everyone has a turn.  

How about themes?  

A fruit competition, followed by seasoning and 
spices, how about essential oils on a cotton ball?

Our nose plays a huge part in appetite, sensing danger, and is something that plays into every aspect of our 
lives. Let's experiment with our sense of smell with this project: Smell Boxes. The sensory neurons in our 
noses alert us when the molecules of a potent smell, like coffee or mint, is present. Those receptors send a 
message to the brain telling us what it is we are smelling.

OBJECTIVE:

Students will be able to gather information about 
senses and their stimuli from various animals to 
interpret and synthesize that they send signals to 
the brain.

ESSENTIAL QUESTION:

● How might different animals use their 
senses to gather and process their 
surroundings?

LEVEL 1 FUN FACTS
A. Did you know humans can 

smell  at least one trillion 
distinct scents?

B. The largest perfume collector 
holds 900 bottles in his 
collection.

C. Perfumers, also known as 
Noses, have to  successfully 
identify at least 250 different 
scents as part of their induction 
test to become fully-fledged 
perfumers. 
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scents as part of their induction 
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ELABORATE:

1. Students should use their synthesized information to invoke a purposeful response for a carnival 
attraction.

a. The response could be of their choice
i. Maybe it's for a scary ride so they want to invoke suspense
ii. Or maybe excitement, happiness etc.

b. Students design and explain their carnival attraction
i. Explain intended purpose
ii. Explain what they will use to trigger or invoke a response from human senses 
iii. Provide information and explanation on how their planned attraction will elicit the 

response of the human senses
iv. It may focus on any or all of the 5 senses

2. Depending on time of year students may use these plans for school events such as haunted house, 
spring carnivals, etc.

3. Evaluate
a. Synthesis of information of relation of senses to brain
b. Information is credible, accurate
c. Does provided evidence support the claim
d. Is the evidence sufficient.

ENGAGE / EXPLORE

Engage:
1. Show students a video from PBS Deep Look

a. If your hands could smell, you'd be an octopus
2. Ask students questions

a. What are the purposes of the suckers on an octopus?
i. Grip
ii. Smell
iii. Taste

b. How are the suckers used for senses?
c. Where is the information gathered by the suckers processed?  Why?

Explore:
1. Perform the scent box activity with students

a. Have students smell a variety of objects and record their observations of the smells
i. They should record what their physical reaction (did they pull away? Did they move 

close? Did they say yuck?)
b. Have students share their reactions with their peers

i. Were the reactions similar? Different?
ii. How?  Why?

c. Students try to synthesize the information
i. Why did I respond the way I did?  
ii. What occured in me as I smelled the object?

2. Evaluate
a. Synthesis of information of relation of senses to brain
b. Information is credible, accurate
c. Does provided evidence support the claim?
d. Is the evidence sufficient?

EXPLAIN:
1. Teacher may read books to their students

a. The Five Senses (ISBN-13: 978-1433336768)
2. Students conduct research on senses online
3. Students should synthesize all the information to produce an explanation of the connection between 

an animal’s senses and their brain.
4. Evaluate

a. Synthesis of information of relation of senses to brain
b. Information is credible, accurate
c. Does provided evidence support the claim
d. Is the evidence sufficient.
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BLOCKLY GAMES
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
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-ETS1-4. 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.

COMMON CORE CONNECTION: 
ELA/Literacy 

RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts. 

RST.6-8.9 Compare and contrast the information 
gained from experiments, simulations, video, or 
multimedia sources with that gained from reading 
a text on the same topic. 

WHST.6-8.7 Conduct short research projects to 
answer a question (including a self-generated 
question), drawing on several sources and 
generating additional related, focused questions 
that allow for multiple avenues of exploration. 

WHST.6-8.9 Draw evidence from informational 
texts to support analysis, reflection, and research. 

Mathematics 

MP.2 Reason abstractly and quantitatively. 

7.EE.3 Solve multi-step real-life and mathematical 
problems posed with positive and negative rational 
numbers in any form (whole numbers, fractions, 
and decimals), using tools strategically. Apply 
properties of operations to calculate with numbers 
in any form; convert between forms as appropriate; 
and assess the reasonableness of answers using 
mental computation and estimation strategies. 

7.SP Develop a probability model and use it to find 
probabilities of events. Compare probabilities from 
a model to observed frequencies; if the agreement 
is not good, explain possible sources of the 
discrepancy.

DOK: 
Level 1:  Recall
Level 2:  Concept
Level 3:  Strategic Thinking

MATERIALS NEEDED:

❏ Computer with internet connection

DIRECTIONS:
1. Open your web browser and navigate to 

https://blockly-games.appspot.com/

2. Open a game category of your choice and 
start to play. You will see that the games 
are all logic-based puzzles that have 
students working in a basic coding 
environment.

Blockly games are a series of games that introduce the principles of coding to kids. They use blocks that 
mimic those used in Scratch. We will diving into Scratch-based programing in later lessons, so Blockly is a 
great place to start learning the concepts you will need.

Students should spend time going 
through each of the categories and familiarizing 
themselves with the layout. Scratch is a coding 
language developed at MIT that uses a 
block-based drag-and-drop editor to generate 
code for game design and animations. After 
going through and completing the Blockly 
games, your students will be better-equipped to 
tackle the coding projects in later lessons.

OBJECTIVE:

Students will be able to use Blockly to use 
iterative methods to systematically  solve 
problems.

ESSENTIAL QUESTIONS:

● How might we complete a the task 
effectively and efficiently?

● Are their more than one solution to a 
problem?  Is one better than another?

FUN FACTS
A. The first “pre-computers” were 

powered by steam.

B. Ada Lovelace is considered to 
have written instructions for the 
first computer program in the 
mid-1800s.

C. There are approximately 256 
programming languages in the 
world. 

LEVEL 1
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ELABORATE:
1. Students use their developed methods to tackle additional programming challenges

a. Turtle 
b. Pond tutor 

2. Students should keep track and make revisions to their approach so that an optimal programming 
approach may be achieved

ENGAGE:
1. Students will open blockly and play “Puzzle”

a. Students will understand the basic framework of Blockly and drag-and-drop programming
b. Have students report out on their findings

i. How do you complete tasks?
ii. How do you connect block commands together?

2. Evaluate
a. Problem-solving
b. Questioning

EXPLORE/EXPLAIN:
1. Students are tasked with getting through the maze levels using programming
2. Ask questions of students

a. Is there more than one method to complete a level?
i. Give an example

b. What criteria do you use to determine the best approach?
c. What if constraints were set?

i. Levels will do this by setting number of blocks you can use
3. Students should share their approach with others as a means to evaluate various methods

a. Teacher may choose to do this process between levels (i.e. keep all students progressing 
together.

4. Teacher reviews criteria and constraints throughout the program
5. Students write out their approach to solving each task

a. What steps do they take to approach the problem
b. Is there an optimal way to solve all of the levels while maintaining the criteria and constraints 

proposed by the program?
i. Students should support this in a model (using words pictures and arrows)

6. Evaluate
a. Students responses to the questions 
b. Engineering approach to meeting criteria and constraints.
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PHOTOSYNTHESIS
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-LS1-6. Construct a scientific explanation 
based on evidence for the role of photosynthesis 
in the cycling of matter and flow of energy into 
and out of organisms.

COMMON CORE CONNECTION: 
ELA/Literacy 

SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add 
interest.

RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts. 

RST.6-8.2 Determine the central ideas or 
conclusions of a text; provide an accurate 
summary of the text distinct from prior 
knowledge or opinions.

WHST.6-8.2 Write informative/explanatory texts 
to examine a topic and convey ideas, concepts, 
and information through the selection, 
organization, and analysis of relevant content. 

WHST.6-8.9 Draw evidence from informational 
texts to support analysis, reflection, and 
research. 

Mathematics
6.EE.C.9 Use variables to represent two quantities 
in a real-world problem that change in relationship 
to one another; write an equation to express one 
quantity, thought of as the dependent variable, in 
terms of the other quantity, thought of as the 
independent variable. Analyze the relationship 
between the dependent and independent variables 
using graphs and tables, and relate these to the 
equation. 

DOK: 
Level 3: Strategic Thinking
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ Baking soda
❏ Scale
❏ Dish soap 
❏ A lamp with 100-w  bulb or sunlight
❏ A straw
❏ Spinach 
❏ Clear plastic cup
❏ Cooking syringe without needle

DIRECTIONS:
1. Make a solution out of a half gram of 

baking soda and two cups of water. Stir 
well until it has dissolved fully. 

Photosynthesis is the process through which plants convert sunlight into energy.  
This experiment allows you to see with your own eyes the way this process works.  
As plants convert the sunlight to sugar, they let off the byproduct of the oxygen we breathe. 

2. Add a few drops of dish soap and stir until 
you have bubbles on the surface.

3. Use the straw to cut holes out of the 
spinach leaves. Repeat until you have 10 
circles of spinach.

4. Remove the plunger from the syringe and 
put the spinach circles inside.  Put the 
plunger back in.

5. Pour the solution into the cup.

6. Draw 8 ml of the solution into the syringe.

7. Push the air out of the syringe using the 
plunger, keep the tip pointed upward.

8. Cover the tip of the syringe with your 
finger and pull gently on the plunger to 
create a vacuum.  Notice the little bubbles 
that come out of the spinach.

9. Let go of the plunger to release the 
vacuum.

10. Repeat this process until all the spinach 
sinks to the bottom.

11. Remove the plunger and pour the spinach 
back into the cup of liquid solution.  The 
spinach should settle to the bottom of the 
cup.

12. Put the lamp above the glass of solution 
and turn it on.  Watch as the light causes a 
reaction in the spinach leaves, causing 
them to float to the top as oxygen is 
generated during photosynthesis.

LEVEL 1

OBJECTIVE:

Students will be able to construct scientific 
explanations of photosynthesis and its role in cycling 
matter and energy.

ESSENTIAL QUESTIONS:

● How might plants cycle energy and matter?
● What role to plants play in converting energy?
● What is photosynthesis and how does it work?
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ENGAGE:
1. Show students a picture of the self-contained terrarium, constructed by David Latimer, that is over 50 

years old!  
a. It has been watered only once in 58 years

2. Ask students how is this plant surviving?  What does this plant need in order to survive?

EXPLORE 1:
1. Perform a tealight candle-and-plant demo.

a. Materials needed
i. 2 candles
ii. Small plant
iii. Two containers large enough to cover the plant.

1. Containers should be same-size (for control purposes)
b. Light both candles
c. Place one candle with the plant and the other alone.
d. Cover both setups at the same time.

2. Ask students to observe the demo
a. Students should record observations
b. It should occur that the candle without the plant goes out first

3. Ask students to review their observations and reflect
a. Why did one candle go out first?
b. What effect does the plant have? Why? How?

4. Teacher should intentionally refuse to answer students questions
a. Encourage students that their questions are good, but we must do more research and 

experimentation to find our answers
b. Pretend you don’t know

5. Evaluate
a. Students observations of the phenomena
b. Reflections

EXPLORE 2:
1. Have students perform the spinach-leaf photosynthesis lab
2. Students should use their data to reason about photosynthesis

a. Why do the leaves float and sink?
3. Students should try and make a connection between the phenomena they observed with the candle 

and the spinach leaves
a. How are they related?
b. Similarities/differences

4. Evaluate
a. Students experimental design and process
b. Use of evidence for reasoning

EXPLAIN:
1. Students should try to piece together from experimentation and prior knowledge what occured in the 

above two experiments
a. There should be a series of teacher  and student generated questions that are still not 

answered
i. How do plants grow?
ii. Why do the leaves float and sink?
iii. What to flames need to stay lit?
iv. And many others.

b. Allow students time to discuss these and transition into teacher-led instruction or research
2. Provide students a variety of opportunity to learn about photosynthesis

a. Textbooks
b. Notes
c. Visual diagrams
d. Engaging video on photosynthesis
e. More complex explanation

3. Allow students to construct  slides to look under the microscope, with direction
a. Students should dissect a spinach leaf by folding it and removing the top layer of the bottom 

side of the leaf
b. Alternatively, you may use clear nail polish and paint the bottom side of the leaf.
c. Gently remove the layer of nail polish and use under the microscope.
d. Students should be looking for the openings in the leaf (stomata)

4. Ask students to synthesize the information on photosynthesis
a. Produce a diagram of the photosynthetic process
b. Or produce a flow map

ELABORATE:
1. Have students revisit the data from the two demos above

a. Students use their new insight into photosynthesis to revise their conclusions based on their 
evidence and interpretation of data.

2. Evaluate
a. Teacher may also choose to do another experiment using elodea plants 
b. Students use their evidence to construct an explanation of photosynthesis for the elodea 

plant
c. Teacher asks students to create and explanation of the self-contained terrarium above.

i. How does matter and energy in the closed system transfer in and out of the plant
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WATER DESALINATION 
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-PS1-2.  Analyze and interpret data on the 
properties of substances before and after the 
substances interact to determine if a chemical 
reaction has occurred.

COMMON CORE CONNECTION: 
ELA/Literacy 

RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts, 
attending to the precise details of explanations 
or descriptions.

RST.6-8.7 Integrate quantitative or technical 
information expressed in words in a text with a 
version of that information expressed visually 
(e.g., in a flowchart, diagram, model, graph, or 
table). 

Mathematics 

MP.2  Reason abstractly and quantitatively.

6.RP.A.3 Use ratio and rate reasoning to solve 
real-world and mathematical problems. 

6.SP.B.4  Display numerical data in plots on a 
number line, including dot plots, histograms, and 
box plots. 

6.SP.B.5 Summarize numerical data sets in 
relation to their context.

6.NS.C.5 Understand that positive and negative 
numbers are used together to describe quantities 
having opposite directions or values (e.g., 
temperature above/below zero, elevation 
above/below sea level, credits/debits, 
positive/negative electric charge); use positive and 
negative numbers to represent quantities in 
real-world contexts, explaining the meaning of 0.

DOK:
Level 2: Concept 
Level 3: Strategic Thinking

MATERIALS NEEDED:

❏ Bowl
❏ Large pot
❏ Salt
❏ Spoon 
❏ Water
❏ Coffee mug
❏ Tin foil 
❏ Ice
❏ Stove

DIRECTIONS:
1. Fill a bowl with warm water and stir in salt 

until the salt starts to settle on the bottom 
of the bowl and will no longer dissolve.

2. Pour the salt water into the pot.

Salt water makes up the majority of water on the planet. Imagine if there were a way to convert that salt water 
to drinkable water. Well, there is! Salt water is often desalinated to produce water for human consumption 
and irrigation. In this project, students will explore the properties of salt water while learning how to remove 
the salt, leaving drinkable water behind.  

3. Put the coffee mug in the the middle of the 
saltwater pot, being sure the salt water 
doesn't pour inside.

4. Cover the top of the pot with tinfoil. Leave 
enough slack in the foil for ice cubes to 
rest on it without sliding off.

5. Place two ice cubes in the center lowered 
point of the tinfoil.

6. Turn on the stove and bring the salt water 
to a boil. Once it has reached a boil, set 
the heat to low.

7. Let the water simmer for roughly ten 
minutes, until the ice cubes have melted.

8. Turn off the stove and let it sit untouched 
for 25 minutes.

9. Remove the tinfoil. Be careful not to spill 
the water from the melted ice.

Inside the pot, you will notice that the 
coffee mug now has water in it, and there is much 
less water in the saltwater area. Ask your 
students to dip a finger in their water from the 
mug and taste, then do the same with the salt 
water. The water in the mug has been desalinated 
through the process of evaporation. The clean 
water condenses on the tinfoil and rains back 
down into the mug.

LEVEL 1

OBJECTIVE:

Students will be able to construct scientific 
explanations of photosynthesis and its role in cycling 
matter and energy.

ESSENTIAL QUESTIONS:

● How might plants cycle energy and matter?
● What role do plants play in converting energy?
● What is photosynthesis and how does it work?

ENGAGE / EXPLORE
1. Students conduct the experiment by mixing salt 

in water
2. Conclude whether or not a new substance is 

formed or if it is a physical change
a. Reason from observations

3. Conduct the reverse process, re-salinating the 
water.

a. Is the process reversible?
b. Is it a chemical or physical change?

4. Evaluate
a. Students experimental process
b. Interpretation of data
c. Reasoning from evidence

EXPLAIN:
1. Since the activity above is a physical change

a. Students should produce a model (NGSS 
use of “model”) of the molecular 
components to explain what happens 
when mixing salt and water and/or 
desalinization

2. Students use the PhET simulation
a. https://phet.colorado.edu/en/simulation

/legacy/soluble-salts

ELABORATE:

1. Students revise their model based on the PhET 
simulation

2. Evaluate 
a. Interpretation of data
b. Model of explanation of salt and water
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WATER DESALINATION 
MIDDLE SCHOOL 
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PAPER CIRCUITS
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
4-PS3-2. Make observations to provide evidence 
that energy can be transferred from place to place 
by sound, light, heat, and electric currents. 

COMMON CORE CONNECTION: 
ELA/Literacy 

W.4.7 Conduct short research projects that build 
knowledge through investigation of different 
aspects of a topic. 

W.4.8 Recall relevant information from 
experiences or gather relevant information from 
print and digital sources; take notes and categorize 
information, and provide a list of sources.

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ Paper
❏ Aluminum foil
❏ Tape
❏ Coin battery
❏ LED
❏ Various upcycled materials

DIRECTIONS:
1. Aluminum foil is a conductor and will 

supply power from your battery to your 
LED. The grey circle on the diagram 
represents the paper corner that will fold 
over to complete the battery connection.

2. Run a strip of aluminum foil from the 
bottom of the battery to a terminal on the 
LED.

3. Run your other line of aluminum foil from 
the folding part of paper to the opposite 
LED lead.  When folded, the foil will touch 
the top and bottom of the battery, 
completing your circuit and illuminating the 
bulb.

In your finished paper circuit, the battery 
sits on top of the aluminum foil, with 
another foil line running from the other side 
of the battery to the opposite LED terminal.  
When the page is folded over, the circuit is 
complete and the bulb lights up.

Paper circuits are a cheap, easy way to learn about electrical circuitry. They are simple and easy to build on 
and make artistic. Your LEDs can be eyes for a bird, or twinkling stars in a night sky, or Carnival Lights for 
games and entertainment. Follow the directions to understand a paper circuit, plan your design, then start 
building. The below diagram will help you understand how to wire.

OBJECTIVE:
Students will be able to design and construct 
simple circuits. This can be used to illuminate 
carnival-themed toys and games should the 
school decide to hold a STEAM Carnival.

ESSENTIAL QUESTIONS:

● How might we use energy transfer in 
simple circuits to design and construct 
carnival-themed toys and games?

LEVEL 2 FUN FACTS
A. Electricity travels at the speed 

of light—186,282 miles per 
second!

B. Electricity plays an important 
role in the way your heart 
functions. A group of cells 
called the “sinoatrial node” 
creates electrical pulses which 
signal the heart to contract.  

111



PAPER CIRCUITS
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
4-PS3-2. Make observations to provide evidence 
that energy can be transferred from place to place 
by sound, light, heat, and electric currents. 

COMMON CORE CONNECTION: 
ELA/Literacy 

W.4.7 Conduct short research projects that build 
knowledge through investigation of different 
aspects of a topic. 

W.4.8 Recall relevant information from 
experiences or gather relevant information from 
print and digital sources; take notes and categorize 
information, and provide a list of sources.

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ Paper
❏ Aluminum foil
❏ Tape
❏ Coin battery
❏ LED
❏ Various upcycled materials

DIRECTIONS:
1. Aluminum foil is a conductor and will 

supply power from your battery to your 
LED. The grey circle on the diagram 
represents the paper corner that will fold 
over to complete the battery connection.

2. Run a strip of aluminum foil from the 
bottom of the battery to a terminal on the 
LED.

3. Run your other line of aluminum foil from 
the folding part of paper to the opposite 
LED lead.  When folded, the foil will touch 
the top and bottom of the battery, 
completing your circuit and illuminating the 
bulb.

In your finished paper circuit, the battery 
sits on top of the aluminum foil, with 
another foil line running from the other side 
of the battery to the opposite LED terminal.  
When the page is folded over, the circuit is 
complete and the bulb lights up.

Paper circuits are a cheap, easy way to learn about electrical circuitry. They are simple and easy to build on 
and make artistic. Your LEDs can be eyes for a bird, or twinkling stars in a night sky, or Carnival Lights for 
games and entertainment. Follow the directions to understand a paper circuit, plan your design, then start 
building. The below diagram will help you understand how to wire.

OBJECTIVE:
Students will be able to design and construct 
simple circuits. This can be used to illuminate 
carnival-themed toys and games should the 
school decide to hold a STEAM Carnival.

ESSENTIAL QUESTIONS:

● How might we use energy transfer in 
simple circuits to design and construct 
carnival-themed toys and games?

LEVEL 2 FUN FACTS
A. Electricity travels at the speed 

of light—186,282 miles per 
second!

B. Electricity plays an important 
role in the way your heart 
functions. A group of cells 
called the “sinoatrial node” 
creates electrical pulses which 
signal the heart to contract.  

111



2. Teacher may use guided questions to clarify student responses, demonstrate and fix 
misconceptions on learning using demos and simulations.

3. It may be best if this is done alternating between whole group and small groups
b. Small group

i. Draw circuit in simulator
ii. Write out observations in notebook or paper

c. Whole group
i. Share observations
ii. Ask facilitating questions as class discussion

2. Evaluation criteria
a. Ability to identify patterns and their cause and effects in circuits
b. Problem solving and reasoning abilities
c. Teamwork and discussion

i. Identifying and questioning ideas of their peers
ii. Honoring and respecting the ideas of other group members

d. Use of academic language in expressing their ideas

ELABORATE:
1. Response to the essential question

a. How might we use energy transfer in simple circuits to create and design carnival-themed toys and 
games?

b. Students in pairs should be provided Two Bit Circus Foundation materials to create and design a 
simple toy or game that incorporates circuitry

i. Ideas can include but are not limited to animal puppets, game buzzers, lights, eye masks, 
small prizes. (they may use buzzers, small speakers rather than lights or both!)

ii. This can be left open-ended for students or confined by teacher discretion
c. Students should be expected to create an opportunity for observation

i. This could be done as presentation, gallery walk, class carnival, etc. 
ii. Explanation should include Intended purpose
iii. How it works

1. As toy or game
2. The energy transfer in their circuitry
3. Specifics of their circuits

d. Students should have the opportunity to observe the work of their peers
i. Select one project and observe it functioning (Could be done during gallery walk or  class 

carnival)
ii. Design a simple experiment to identify potential circuit types.

1. Make observations of brightness, sound, heat in circuits
2. Intended purpose based on design

iii. Use their observations to draw a conclusion from evidence on the circuit design, energy 
transfer, and intended purpose

iv. Students should compare their observations and conclusion with the designer. 
2. Evaluation criteria

a. Design of game/toy
i. Functionality
ii. Creativity
iii. Durability

b. Observations of a peer’s project
c. Explanation (Claim, Evidence, Reasoning) of energy transfers present in their project circuits.

ENGAGE / EXPLORE:
1. Introduction to the essential question.
2. How might we light up a LED (Light-Emitting Diode)?

a. Students should be given the materials outlined.
b. Opportunity and time to work in pairs/small groups to explore the way to make a LED illuminate.

3. How might we light up two LEDs?
a. Ask students to assemble methods of illuminating two LEDs 

i. There are two ways (parallel and series)
ii. Students do not have to know these names at this time but ought to recognize patterns in their 

foil patterns.
4. How might we light up 3 LEDs?

a. Ask students to assemble methods of illuminating 3 LEDs
i. This can be given as a requirement or optional extra credit based on student population.
ii. 4 methods of assembly are possible.

5. How might we make one LED turn off and on?
a. Ask students to assemble methods to make a light turn off and on
b. Students are inventing ways to create a switch

i. This language does not need to be used
ii. However students may use academic language from prior knowledge.

6. Ask students to make observations of their circuits (can be done at each step or after finishing all circuits).
a. Some facilitating questions to guide students observations

i. What has to happen for the light to turn on?
ii. Do you notice any differences in brightness of lights? When?

7. Evaluation criteria
a. Observations of patterns in circuits.
b. Problem solving and effort
c. Reasoning

EXPLAIN:
1. Teacher asks students a series of investigational questions for students to discuss and respond to in small 

groups and whole group.
a. Does the number of LEDs affect overall brightness?

i. When, where, what, how, why? 
ii. What are the pros and cons of one pattern of assembly over another?

b. Teacher should monitor student discussions
i. Encourage creative thinking even if it may be wrong
ii. Ask follow-up questions to clarify student ideas

1. Students should be using academic language at this time from prior learning and/or 
new introduction of language by teacher

2. Topics such as energy being transferred via electrons, energy being shared between 
LEDs, current flows.

iii. Assign the simulator
1. https://phet.colorado.edu/en/simulation/circuit-construction-kit-dc

a. Students construct model circuits (similar patterns to the engage component)
b. Play simulator and draw conclusions of energy transfer via electrons.
c. Does the number of LEDs affect overall brightness?

i. When, where, what, how, why? 
ii. What are the pros and cons of one pattern of assembly over another?
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MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-PS1-2. Analyze and interpret data on the 
properties of substances before and after the 
substances interact to determine if a chemical 
reaction has occurred. 
MS-PS2-2. Plan an investigation to provide 
evidence that the change in an object’s motion 
depends on the sum of the forces on the object 
and the mass of the object. 
MS-PS3-5. Construct, use, and present arguments 
to support the claim that when the kinetic energy 
of an object changes, energy is transferred to or 
from the object.

COMMON CORE CONNECTION: 
ELA/Literacy 

RST.6-8.1 Cite specific textual evidence to support 
analysis of science and technical texts, attending 
to the precise details of explanations or 
descriptions.

RST.6-8.7 Integrate quantitative or technical 
information expressed in words in a text with a 
version of that information expressed visually (e.g., 
in a flowchart, diagram, model, graph, or table).

RST.6-8.3 Follow precisely a multistep procedure 
when carrying out experiments, taking 
measurements, or performing technical tasks.

WHST.6-8.7 Conduct short research projects to 
answer a question (including a self-generated 
question), drawing on several sources and 
generating additional related, focused questions 
that allow for multiple avenues of exploration. 

Mathematics
6.RP.A.3 Use ratio and rate reasoning to solve 
real-world and mathematical problems.

6.SP.B.4 Display numerical data in plots on a 
number line, including dot plots, histograms, and 
box plots. 

6.SP.B.5 Summarize numerical data sets in 
relation to their context. 

MP.2 Reason abstractly and quantitatively. 

6.EE.A.2 Write, read, and evaluate expressions in 
which letters stand for numbers. 

7.EE.B.3 Solve multi-step real-life and 
mathematical problems posed with positive and 
negative rational numbers in any form, using tools 
strategically. Apply properties of operations to 
calculate with numbers in any form; convert 
between forms as appropriate; and assess the 
reasonableness of answers using mental 
computation and estimation strategies. 

7.EE.B.4 Use variables to represent quantities in a 
real-world or mathematical problem, and construct 
simple equations and inequalities to solve 
problems by reasoning about the quantities. 

A rocket is a missile or craft that is propelled by the thrust from a rocket engine. Rocket engines work by 
action and reaction and propel rockets forward by releasing exhaust in the opposite direction at high velocity.  
Harnessing the gas from the reaction of baking soda and vinegar, we will build enough carbon dioxide 
pressure to launch our bottle rockets sky-high. Decorate and innovate your ship before flight. Will it have wings 
and propellers, or do you prefer stripped-down aerodynamics?

6.RP.A.1 Understand the concept of ratio and use 
ratio language to describe a ratio relationship 
between two quantities. 

7.RP.A.2 Recognize and represent proportional 
relationships between quantities.

8.F.A.3 Interpret the equation y = mx + b as 
defining a linear function, whose graph is a 
straight line; give examples of functions that are 
not linear.

DOK: 
Level 3: Strategic Thinking
Level 4: Extended Thinking

*** This project makes a great culmination project 
(assessment component for various standards)

MATERIALS NEEDED:

❏ Baking soda
❏ Vinegar
❏ Empty plastic bottles
❏ Straws 
❏ Cork
❏ Duct tape
❏ Markers
❏ Decorative materials
❏ Paper towels

LEVEL 2

DIRECTIONS:
1. Tape 4 straws to the top of the bottle to be used 

as legs for the rocket to stand on while 
launching.

2. Decorate the rocket in any way you can imagine.

3. Fill the bottle halfway with vinegar.

4. Scoop a spoonful of baking soda in the center of 
a square of paper towel and roll it up. Twist the 
ends to close the baking soda in.

5. Place the paper towel into the bottle, but don't 
drop it in the vinegar yet. Let the neck of the 
bottle hold the paper towel.

6. Put a cork in the mouth of the bottle.

7. Turn the bottle upside down and let it stand on 
its legs.

OBJECTIVE:

Students will be able to combine their knowledge of 
chemistry and physics to design and construct a rocket 
and propellant system.

ESSENTIAL QUESTIONS:

● How might we create a safe propellant for our 
rocket?

● How might we make the propellant more 
efficient?

● What factors affect the motion of our rocket?

BAKING SODA
BOTTLE ROCKETS
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ENGAGE:
1. Show students a video of a rocket launch

a. Space X Launch
2. Tell students that they will be tasked with designing and constructing a bottle rocket
3. They will need to use their knowledge of chemistry and physics to design and launch a successful 

rockets
4. Require of students

a. Design a rocket that will provide the highest launch height
i. Provide evidence that their design is engineered for the optimal height (they will need 

to conduct experimentation)
ii. Provide an efficient and safe propellant 

1. Baking soda/vinegar
2. Water pressure
3. Air pressure.
4. etc.

EXPLORE:
1. Allow students time to design rocket 
2. Experiment with rocket and design
3. Allow students to experiment with safe propellants

EXPLAIN:

1. Allow time for students to construct explanations of the motion of their rocket
a. How does it work?
b. Discussion can be around motion and forces and/or energy

2. Explain their propellant system and its efficiency
3. Research

ELABORATE:

1. Students will continue to make iterations to their design and present their final components.
2. Students may produce a presentation to explain their experimental processes for their rocket design, 

and propellant system.

EVALUATE:

1. Students’ rocket designs
2. Their explanations from evidence to support the description of the rocket’s motion
3. Their use of chemistry to design a propellant

a. Did the substances undergo a chemical or physical change
b. What evidence is used to support whether it is a physical or chemical change.
c. How does your mixture work as a propellant
d. Why choose this propellant over other options

FUN FACTS
A. On the 100th anniversary of the 

Statue of Liberty on July 4, 1986, 
more than 100 tons of simple 
baking soda was used to clean 
the interior copper walls.

B. December 30th is National 
Bicarbonate of Soda Day. 

C. Baking soda was first used by 
the Ancient Egyptians as early 
as 3500 B.C. in the embalming 
process of mummies. 

D. Baking soda is used in fire 
extinguishers because it 
produces a soapy foam which is 
able to douse flames.
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MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-PS3-2. Develop a model to describe that when 
the arrangement of objects interacting at a 
distance changes, different amounts of potential 
energy are stored in the system.
MS-PS3-5. Construct, use, and present arguments 
to support the claim that when the kinetic energy 
of an object changes, energy is transferred to or 
from the object.

COMMON CORE CONNECTION: 
ELA/Literacy 
SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add interest.

RST.6-8.1 Cite specific textual evidence to support 
analysis of science and technical texts, attending 
to the precise details of explanations or 
descriptions. 

WHST.6-8.1 Write arguments focused on 
discipline content.

Mathematics
6.RP.A.1 Understand the concept of ratio and use 
ratio language to describe a ratio relationship 
between two quantities. 

6.RP.A.3 Use ratio and rate reasoning to solve 
real-world and mathematical problems. 

7.RP.A.2 Recognize and represent proportional 
relationships between quantities. 

8.F.A.3  Interpret the equation y = mx + b as 
defining a linear function, whose graph is a straight 
line; give examples of functions that are not linear. 

MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics.

DOK: 
Level 3: Strategic Thinking
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ String
❏ Wood
❏ Screws
❏ Paperclips
❏ Large hex nuts

DIRECTIONS:
1. You will first need to build a stand to 

suspend your pendulums from. You can 
use wood, PVC, or even the backs of two 
chairs.

2. When you’ve come up with a suitable stand, 
suspend a string across the gap.

3. Bend two paperclips open and lay them 
flat. Make a hook on one end of the 
paperclips for the nuts.  

The resonant frequency of a pendulum is the number of times that it swings back and forth in a 
second. With coupled resonant pendulums, the frequency of one pendulum affects the other as they 
both swing from the same string. These frequencies interact by transferring energy from the swing of 
one pendulum to the next, and back eventually to the first. 

3. Bend the other end of the paperclip and 
place it over the string. Bend it against 
itself, over the string, to hold it in place.

4. Be sure to bend the clips to the same 
length, this will keep the resonant 
frequency the same on both of the nuts.

OBJECTIVE:
Students will be able to construct arguments and 
models to describe the potential and kinetic 
energy in various systems.

ESSENTIAL QUESTIONS:

● How does a pendulum work?
● What is potential and kinetic energy and 

how are they related?

ENGAGE:
1. Display the coupled resonant pendulum.
2. Ask students to predict what will occur 

when you lift one of the sides of the 
pendulum.

3. Allow students to make predictions.
4. Demo the pendulum for the students.
5. Have students create an initial model of 

the pendulum on paper.
6. From observations ask students to explain 

how the motion in one side stops and 
allows the other side to begin moving.

LEVEL 2

COUPLED
RESONANT PENDULUMS

EXPLORE/EXPLAIN:
1. Allow students to explore the PhET Simulation 

Skate Park.
2. Allow students to synthesize the meaning of 

potential and kinetic energy based on their 
experience with the simulation 

a. “Potential energy” in this model is 
gravitational potential energy.

b. Students should identify gravity as force 
pulling things downward and the reason 
for potential energy.

3. Review with students the concept of energy and 
its conservation.

a. Use the simulation to provide examples 
of potential and kinetic energy, and how 
energy converts from one form to 
another.

ELABORATE:

1. Allow students to revise their initial models to 
explain how potential and kinetic energy change 
forms and transfer from one object to another 

2. Evaluate students’ models for comprehension 
and argumentation for energy and its 
conversions
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potential and kinetic energy based on their 
experience with the simulation 

a. “Potential energy” in this model is 
gravitational potential energy.

b. Students should identify gravity as force 
pulling things downward and the reason 
for potential energy.

3. Review with students the concept of energy and 
its conservation.

a. Use the simulation to provide examples 
of potential and kinetic energy, and how 
energy converts from one form to 
another.

ELABORATE:

1. Allow students to revise their initial models to 
explain how potential and kinetic energy change 
forms and transfer from one object to another 

2. Evaluate students’ models for comprehension 
and argumentation for energy and its 
conversions
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ILLUMINATED ZODIAC
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-ESS1-1 Develop and use a model of the 
Earth-Sun-Moon system to describe the cyclic 
patterns of lunar phases, eclipses of the Sun and 
Moon, and seasons.

COMMON CORE CONNECTION: 
ELA/Literacy 
SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add interest.

Mathematics
MP.4 Model with mathematics.

6.RP.A.1 Understand the concept of a ratio and 
use ratio language to describe a ratio relationship 
between two quantities.
 
7.RP.A.2 Recognize and represent proportional 
relationships between quantities.

DOK: 
Level 1: Recall
Level 2: Concept
Level 3: Strategic Thinking

MATERIALS NEEDED:

❏ Empty box
❏ LED light string, small
❏ A printout of your astrological sign
❏ Pencil
❏ Paint
❏ Paint brush
❏ Masking tape or glue

DIRECTIONS:
1. Start by looking up your sign and identifying 

its constellation.  

2. Paint the bottom of your box to resemble a 
night sky. Paint on your constellation, 
making clear indications of the stars that it 
consists of.

3. Use your pencil to poke holes in the box, at 
the star points.

4. Poke the LED bulbs through the inside of 
the box coming out through your painting.  
These bulbs will light up and represent the 
stars in your constellation. Any extra bulbs 
can be left in the box.

5. Run the power cord to the wall plug, light up 
your night sky.

6. Place the box on a shelf at home and enjoy 
your illuminated zodiac sign.

What's your sign? Let's make it shine! Constellations are groups of stars that the ancients believed formed the 
outlines of gods and deities.These groupings of stars became the foundation for the 12 astrological signs. 
Use an empty box as a canvas and add LED lights to illustrate the constellation  of your sign.   

OBJECTIVE:

Students will develop a model of the Sun-Earth- 
Moon system to explain cyclic patterns.

ESSENTIAL QUESTIONS:

● How does the night sky work?
● How did our ancestors use patterns in the 

sky?
● What patterns in the sky exist?

ENGAGE:
1. Have students look at an astrological 

chart and find their “sign”
2. Students create their sign’s constellation.
3. Students can research the zodiac 

constellations
4. Provide students several questions to 

respond/research about the zodiac 
constellations

a. How did they come about? 
i. Ancestors used the stars to 

tell mythological stories 
about their gods (many 
ancient cultures did this 
and came up with different 
names and shapes)

ii. The zodiac signs are 
names from greek and 
roman mythology.

LEVEL 2

b. Are the stars in their constellation even 
related or near each other?

i. Most of the stars have no 
connection to each other beyond 
the way they appear in the sky to 
us here on Earth.

c. Are the zodiac signs actually “there”?
i. They are created by our 

perspective of the stars from 
Earth

ii. Elsewhere in the universe those 
patterns do not exist in that way 
(others do)

iii. Observatory may have a great 
exhibit piece demonstrating a 
change in stars patterns based on 
perspective  (great field trip!)

2. Article about constellations
a. https://www.space.com/15722-constella

tions.html
3. Have students make a list of their questions 

EXPLORE:

1. Have students go out during class time and 
make celestial observations

a. What they see in the sky
i. Many students will be amazed 

that they may see the Moon 
during the day

b. What they feel
i. Warmth from the Sun
ii. Coldness
iii. Wind, rain, snow, clouds

c. Students generate a model of the 
motions of the Sun, Moon and Earth 
based on what they see

2. If possible hold an astronomy night(s)
a. Have students repeat Explore part 1
b. Students should generate a model to 

explain the motion of the stars, Sun, 
Moon, planets

i. They may notice “static motion” 
of stars—they all move together 
through the sky

ii. Random “stars” that move 
through sky faster than others

1. These are planets
iii. Motion and shape of Moon
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ILLUMINATED ZODIAC
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-ESS1-1 Develop and use a model of the 
Earth-Sun-Moon system to describe the cyclic 
patterns of lunar phases, eclipses of the Sun and 
Moon, and seasons.

COMMON CORE CONNECTION: 
ELA/Literacy 
SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add interest.

Mathematics
MP.4 Model with mathematics.

6.RP.A.1 Understand the concept of a ratio and 
use ratio language to describe a ratio relationship 
between two quantities.
 
7.RP.A.2 Recognize and represent proportional 
relationships between quantities.

DOK: 
Level 1: Recall
Level 2: Concept
Level 3: Strategic Thinking

MATERIALS NEEDED:

❏ Empty box
❏ LED light string, small
❏ A printout of your astrological sign
❏ Pencil
❏ Paint
❏ Paint brush
❏ Masking tape or glue

DIRECTIONS:
1. Start by looking up your sign and identifying 

its constellation.  

2. Paint the bottom of your box to resemble a 
night sky. Paint on your constellation, 
making clear indications of the stars that it 
consists of.

3. Use your pencil to poke holes in the box, at 
the star points.

4. Poke the LED bulbs through the inside of 
the box coming out through your painting.  
These bulbs will light up and represent the 
stars in your constellation. Any extra bulbs 
can be left in the box.

5. Run the power cord to the wall plug, light up 
your night sky.

6. Place the box on a shelf at home and enjoy 
your illuminated zodiac sign.

What's your sign? Let's make it shine! Constellations are groups of stars that the ancients believed formed the 
outlines of gods and deities.These groupings of stars became the foundation for the 12 astrological signs. 
Use an empty box as a canvas and add LED lights to illustrate the constellation  of your sign.   

OBJECTIVE:

Students will develop a model of the Sun-Earth- 
Moon system to explain cyclic patterns.

ESSENTIAL QUESTIONS:

● How does the night sky work?
● How did our ancestors use patterns in the 

sky?
● What patterns in the sky exist?

ENGAGE:
1. Have students look at an astrological 

chart and find their “sign”
2. Students create their sign’s constellation.
3. Students can research the zodiac 

constellations
4. Provide students several questions to 

respond/research about the zodiac 
constellations

a. How did they come about? 
i. Ancestors used the stars to 

tell mythological stories 
about their gods (many 
ancient cultures did this 
and came up with different 
names and shapes)

ii. The zodiac signs are 
names from greek and 
roman mythology.

LEVEL 2

b. Are the stars in their constellation even 
related or near each other?

i. Most of the stars have no 
connection to each other beyond 
the way they appear in the sky to 
us here on Earth.

c. Are the zodiac signs actually “there”?
i. They are created by our 

perspective of the stars from 
Earth

ii. Elsewhere in the universe those 
patterns do not exist in that way 
(others do)

iii. Observatory may have a great 
exhibit piece demonstrating a 
change in stars patterns based on 
perspective  (great field trip!)

2. Article about constellations
a. https://www.space.com/15722-constella

tions.html
3. Have students make a list of their questions 

EXPLORE:

1. Have students go out during class time and 
make celestial observations

a. What they see in the sky
i. Many students will be amazed 

that they may see the Moon 
during the day

b. What they feel
i. Warmth from the Sun
ii. Coldness
iii. Wind, rain, snow, clouds

c. Students generate a model of the 
motions of the Sun, Moon and Earth 
based on what they see

2. If possible hold an astronomy night(s)
a. Have students repeat Explore part 1
b. Students should generate a model to 

explain the motion of the stars, Sun, 
Moon, planets

i. They may notice “static motion” 
of stars—they all move together 
through the sky

ii. Random “stars” that move 
through sky faster than others

1. These are planets
iii. Motion and shape of Moon
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EXPLAIN:

1. Show students first 33 minutes of Universe season 1 episode 1: Beyond the big bang
a. Beyond the big bang - pause the movie between scientist to allow students to add the 

discover to a revised model of the sun,earth, moon system.
i. Astrologers - patterns in the (zodiac signs) vs Astronomy

1. Pause the movie and have students conduct a quick compare/contrast
2. Astrology - concerned with how the stars affect us (superstition)
3. Astronomy - scientific study of how the stars and celestial bodies move

ii. Greeks and other ancient civilizations - sky is a calendar
1. Ptolemy epicycles
2. 5 celestial planets, sun, and the moon (7 objects) Discuss the days of the 

weeks with students.
a. Sunday (day of the Sun)
b. Monday (day of the Moon)
c. Tuesday (Martes in spanish) (Mars day)
d. Wednesday (Miercoles in spanish) (Mercury Day)
e. Thursday (Jueves in spanish) (Jupiter Day)
f. Friday (Viernes in spanish) (Venus Day)
g. Saturday (Saturn Day)

iii. Copernicus 
1. Heliocentrism

a. Sun is the center of the solar system
b. Planets revolve around the sun - not earth!

    2. The planets are rotating about their axis
a. Reason for night day
b. Reason stars move all together in the night sky (we are moving!)

iv. Kepler
1. Mathematical data to support heliocentrism
2. Tilt of the earth’s axis (may have been measured by earlier greek and chinese 

civilizations)
a. Reason for seasons

3. Variable speed model of planets (evidence of gravitation effects)
v. Galileo

1. Physical evidence of heliocentrism
a. Galilean moons around Jupiter
b. Rings around saturn
c. Phases of venus

2. Acceleration of falling bodies on earth
vi. Newton

1. Theory of Gravity
a. Connection of falling object on earth and variable speed model of 

planets
2. The first written Physics theories
3. Newton’s laws of moving bodies.

2. After the movie, teacher should review the heliocentric model with students and the gregorian 
calendar.

ELABORATE:

1. Have students perform an experiment to explore the phases of the Moon
a. Flashlight (sun)
b. Students use two different size balls to represent Earth and the Moon.

i. Students explore the shadows cast on the Moon by the Sun
ii. Note that the Moon doesn’t illuminate itself, rather it is reflected light from the Sun. 
iii. Visibility of one side of the Moon only due to rotation of the Moon
iv. Explore what causes eclipses (positioning of Moon, Earth and Sun)
v. video of moon phase experiment

2. Astronomy night If possible (time of year and resources)
a. Have students locate Venus in the night sky 

i. One of the brightest objects in the sky
ii. Google and Apple have sky maps that chart the night sky

b. Use a telescope to look at Venus
i. At times Venus is visible in phases (like the Moon!)

c. Have students use their model of the phases of the Moon to demonstrate why Venus goes 
through phases

i. It passes between the Earth and the Sun
ii. From our perspective we see cast shadows on Venus like our Moon

1. This is true for any interior planet from your location
2. I.e, if we go to Mars, we will see Earth go through phases

EXPLAIN 2:

1. Teacher and students should use their experiment and information from video to synthesize 
comprehension of the calendar and reason for seasons.

a. Calendar
i. 7 days in a week—celestial objects visible by the naked eye
ii. Roughly 30 days in a month—lunar cycle is 29.5 days
iii. 365.25 days in a year—time for the Earth and Moon to revolve around the Sun.
iv. 24 hours in a day—time for one Earth rotation around its axis

b. Seasons
i. Earth’s tilt and location in orbit around the Sun.
ii. This can be modeled with a globe and a light (like the lunar phases)

EVALUATE:

1. Students’ completed models (they can be in a form of the teacher’s discretion)
a. Explanation of heliocentric Earth, Moon, Sun system 
b. Rotation and revolution of the Earth and Moon
c. Lunar phases, eclipses
d. Gregorian calendar
e. Seasons 
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EXPLAIN:

1. Show students first 33 minutes of Universe season 1 episode 1: Beyond the big bang
a. Beyond the big bang - pause the movie between scientist to allow students to add the 

discover to a revised model of the sun,earth, moon system.
i. Astrologers - patterns in the (zodiac signs) vs Astronomy

1. Pause the movie and have students conduct a quick compare/contrast
2. Astrology - concerned with how the stars affect us (superstition)
3. Astronomy - scientific study of how the stars and celestial bodies move

ii. Greeks and other ancient civilizations - sky is a calendar
1. Ptolemy epicycles
2. 5 celestial planets, sun, and the moon (7 objects) Discuss the days of the 

weeks with students.
a. Sunday (day of the Sun)
b. Monday (day of the Moon)
c. Tuesday (Martes in spanish) (Mars day)
d. Wednesday (Miercoles in spanish) (Mercury Day)
e. Thursday (Jueves in spanish) (Jupiter Day)
f. Friday (Viernes in spanish) (Venus Day)
g. Saturday (Saturn Day)

iii. Copernicus 
1. Heliocentrism

a. Sun is the center of the solar system
b. Planets revolve around the sun - not earth!

    2. The planets are rotating about their axis
a. Reason for night day
b. Reason stars move all together in the night sky (we are moving!)

iv. Kepler
1. Mathematical data to support heliocentrism
2. Tilt of the earth’s axis (may have been measured by earlier greek and chinese 

civilizations)
a. Reason for seasons

3. Variable speed model of planets (evidence of gravitation effects)
v. Galileo

1. Physical evidence of heliocentrism
a. Galilean moons around Jupiter
b. Rings around saturn
c. Phases of venus

2. Acceleration of falling bodies on earth
vi. Newton

1. Theory of Gravity
a. Connection of falling object on earth and variable speed model of 

planets
2. The first written Physics theories
3. Newton’s laws of moving bodies.

2. After the movie, teacher should review the heliocentric model with students and the gregorian 
calendar.

ELABORATE:

1. Have students perform an experiment to explore the phases of the Moon
a. Flashlight (sun)
b. Students use two different size balls to represent Earth and the Moon.

i. Students explore the shadows cast on the Moon by the Sun
ii. Note that the Moon doesn’t illuminate itself, rather it is reflected light from the Sun. 
iii. Visibility of one side of the Moon only due to rotation of the Moon
iv. Explore what causes eclipses (positioning of Moon, Earth and Sun)
v. video of moon phase experiment

2. Astronomy night If possible (time of year and resources)
a. Have students locate Venus in the night sky 

i. One of the brightest objects in the sky
ii. Google and Apple have sky maps that chart the night sky

b. Use a telescope to look at Venus
i. At times Venus is visible in phases (like the Moon!)

c. Have students use their model of the phases of the Moon to demonstrate why Venus goes 
through phases

i. It passes between the Earth and the Sun
ii. From our perspective we see cast shadows on Venus like our Moon

1. This is true for any interior planet from your location
2. I.e, if we go to Mars, we will see Earth go through phases

EXPLAIN 2:

1. Teacher and students should use their experiment and information from video to synthesize 
comprehension of the calendar and reason for seasons.

a. Calendar
i. 7 days in a week—celestial objects visible by the naked eye
ii. Roughly 30 days in a month—lunar cycle is 29.5 days
iii. 365.25 days in a year—time for the Earth and Moon to revolve around the Sun.
iv. 24 hours in a day—time for one Earth rotation around its axis

b. Seasons
i. Earth’s tilt and location in orbit around the Sun.
ii. This can be modeled with a globe and a light (like the lunar phases)

EVALUATE:

1. Students’ completed models (they can be in a form of the teacher’s discretion)
a. Explanation of heliocentric Earth, Moon, Sun system 
b. Rotation and revolution of the Earth and Moon
c. Lunar phases, eclipses
d. Gregorian calendar
e. Seasons 
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MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-PS3-1 Construct and interpret graphical 
displays of data to describe the relationships of 
kinetic energy to the mass of an object and to the 
speed of an object.

MS-PS3-2 Develop a model to describe that when 
the arrangement of objects interacting at a 
distance changes, different amounts of potential 
energy are stored in the system.

MS-PS3-5 Construct, use, and present arguments 
to support the claim that when the kinetic energy 
of an object changes, energy is transferred to or 
from the object.

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts, 
attending to the precise details of explanations or 
descriptions. (MS-PS3-1)

RST.6-8.7 Integrate quantitative or technical 
information expressed in words in a text with a 
version of that information expressed visually 
(e.g., in a flowchart, diagram, model, graph, or 
table).

SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add interest.

Mathematics
MP.2 Reason abstractly and quantitatively. 
(MS-PS3-1)

6.RP.A.2 Understand the concept of a unit rate a/b 
associated with a ratio a:b with b ≠ 0, and use rate 
language in the context of a ratio relationship. 
(MS-PS3-1)

7.RP.A.2 Recognize and represent proportional 
relationships between quantities. (MS-PS3-1)

8.EE.A.1 Know and apply the properties of integer 
exponents to generate equivalent numerical 
expressions. (MS-PS3-1)

8.EE.A.2 Use square root and cube root symbols to 
represent solutions to equations of the form x2 = p 
and x3 = p, where p is a positive rational number. 
Evaluate square roots of small perfect squares and 
cube roots of small perfect cubes. Know that √2 is 
irrational. (MS-PS3-1)

8.F.A.3 Interpret the equation y = mx + b as 
defining a linear function, whose graph is a straight 
line; give examples of functions that are not linear.

DOK: 
Level 2: Concept 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED FOR BINS:

❏ Cardboard tubes
❏ Rubber tubes
❏ Cardboard half-tubes
❏ Connection pieces (same as the STEAM 

Lab connectors)
❏ Plastic stands

The Ultimate Recycling Machine is an interactive learning experience that teaches principles of engineering. 
The aim is to get kids thinking about structures and devices they can build to meet the goal, three points of 
contact, and the bottle ending in the bin.

MATERIALS NEEDED FOR CART:

❏ Metal clips
❏ Metal clamps
❏ Rubber bands
❏ Golf balls
❏ Tennis balls
❏ Rope
❏ Velcro strips
❏ Stretchy fabric with velcro
❏ Belt ends

PREPARATION:

Before beginning, fill the large rubber trash 
bins with each of the materials listed above. Set 
up the cart with the materials listed separated into 
small plastic containers such as Akro bins. Put 
recycle bins at one end of the room for the water 
bottles to land in.Separate students into groups of 
4-5.

The goal is to build a machine that knocks 
a water bottle into a recycling bin, with three 
points of contact where energy is transferred 
from one object to another along the way. Give 
the students paper and pencil and ask them to 
plan their construction. Once they have a plan and 
have gotten approval from the teacher, time to 
build.

LEVEL 2

Pendulums, pulleys, tubes, and tracks, all’s fair 
in building and construction. Binder clips are great for 
holding pieces together, different-sized tubes connect 
to make tunnels. The cart is full of materials to be tied 
and fastened to make your structure. Golf balls 
positioned along the track are great way to transfer 
energy, one into the next, knocking each other down in 
a domino effect.

Once your students know the goal, it’s a 
cooperative effort to build structures and problem- 
solve issues along the way. Rather than answering 
questions with instruction, ask questions back of 
students to get them thinking.  
If you’re asked “How can I make these pieces 
connect?” Ask “What materials could you use to 
connect them?” or “Have you tried all of the materials 
available?”  
This will help the students problem-solve structures 
and learn through trial and error as they improve and 
grow their machines.

The best part is how fun it is to succeed! The 
machines can grow into some wild and crazy 
contraptions, the crazier the better. You can expect 
lots of smiling faces at the end of the exercise, so 
much so, they don’t realize they’re learning. And isn't 
that the goal? To make learning fun?

ULTIMATE RECYCLING
MACHINE (URM)
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MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-PS3-1 Construct and interpret graphical 
displays of data to describe the relationships of 
kinetic energy to the mass of an object and to the 
speed of an object.

MS-PS3-2 Develop a model to describe that when 
the arrangement of objects interacting at a 
distance changes, different amounts of potential 
energy are stored in the system.

MS-PS3-5 Construct, use, and present arguments 
to support the claim that when the kinetic energy 
of an object changes, energy is transferred to or 
from the object.

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts, 
attending to the precise details of explanations or 
descriptions. (MS-PS3-1)

RST.6-8.7 Integrate quantitative or technical 
information expressed in words in a text with a 
version of that information expressed visually 
(e.g., in a flowchart, diagram, model, graph, or 
table).

SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add interest.

Mathematics
MP.2 Reason abstractly and quantitatively. 
(MS-PS3-1)

6.RP.A.2 Understand the concept of a unit rate a/b 
associated with a ratio a:b with b ≠ 0, and use rate 
language in the context of a ratio relationship. 
(MS-PS3-1)

7.RP.A.2 Recognize and represent proportional 
relationships between quantities. (MS-PS3-1)

8.EE.A.1 Know and apply the properties of integer 
exponents to generate equivalent numerical 
expressions. (MS-PS3-1)

8.EE.A.2 Use square root and cube root symbols to 
represent solutions to equations of the form x2 = p 
and x3 = p, where p is a positive rational number. 
Evaluate square roots of small perfect squares and 
cube roots of small perfect cubes. Know that √2 is 
irrational. (MS-PS3-1)

8.F.A.3 Interpret the equation y = mx + b as 
defining a linear function, whose graph is a straight 
line; give examples of functions that are not linear.

DOK: 
Level 2: Concept 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED FOR BINS:

❏ Cardboard tubes
❏ Rubber tubes
❏ Cardboard half-tubes
❏ Connection pieces (same as the STEAM 

Lab connectors)
❏ Plastic stands

The Ultimate Recycling Machine is an interactive learning experience that teaches principles of engineering. 
The aim is to get kids thinking about structures and devices they can build to meet the goal, three points of 
contact, and the bottle ending in the bin.

MATERIALS NEEDED FOR CART:

❏ Metal clips
❏ Metal clamps
❏ Rubber bands
❏ Golf balls
❏ Tennis balls
❏ Rope
❏ Velcro strips
❏ Stretchy fabric with velcro
❏ Belt ends

PREPARATION:

Before beginning, fill the large rubber trash 
bins with each of the materials listed above. Set 
up the cart with the materials listed separated into 
small plastic containers such as Akro bins. Put 
recycle bins at one end of the room for the water 
bottles to land in.Separate students into groups of 
4-5.

The goal is to build a machine that knocks 
a water bottle into a recycling bin, with three 
points of contact where energy is transferred 
from one object to another along the way. Give 
the students paper and pencil and ask them to 
plan their construction. Once they have a plan and 
have gotten approval from the teacher, time to 
build.

LEVEL 2

Pendulums, pulleys, tubes, and tracks, all’s fair 
in building and construction. Binder clips are great for 
holding pieces together, different-sized tubes connect 
to make tunnels. The cart is full of materials to be tied 
and fastened to make your structure. Golf balls 
positioned along the track are great way to transfer 
energy, one into the next, knocking each other down in 
a domino effect.

Once your students know the goal, it’s a 
cooperative effort to build structures and problem- 
solve issues along the way. Rather than answering 
questions with instruction, ask questions back of 
students to get them thinking.  
If you’re asked “How can I make these pieces 
connect?” Ask “What materials could you use to 
connect them?” or “Have you tried all of the materials 
available?”  
This will help the students problem-solve structures 
and learn through trial and error as they improve and 
grow their machines.

The best part is how fun it is to succeed! The 
machines can grow into some wild and crazy 
contraptions, the crazier the better. You can expect 
lots of smiling faces at the end of the exercise, so 
much so, they don’t realize they’re learning. And isn't 
that the goal? To make learning fun?

ULTIMATE RECYCLING
MACHINE (URM)
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LESSON 2: CHAIN-REACTION RECYCLING MACHINE 

OBJECTIVE 
Students connect ramps to create one continual recycling machine that sorts paper and plastic by knocking 
them into the correct container. 

ENGAGE AND ELABORATE 
1. Watch the OK GO “This Too Shall Pass” video, and/or Honda’s “Cog” commercial. 

a. Re-engage students in the Chain-Reaction Machine Process 
b. Provide ideas for students. 

2. Students construct recycling machine 
a. Teacher may have to set supporting guidelines for classroom management 

i. Delegate roles, provide guidelines on which group communicates to who. The order of 
which group follows which needs to be clearly defined, so groups can decide how to 
transition between their elements 

ii. Support students at toolstation—safety 
b. Students take part in engineering practices 

i. Communicate amongst peers and plan 
ii. Construct and problem solve 
iii. Design, expand and elaborate on ideas 

3. Students explain conservation of energy concepts 
a. Articulate in writing 

i. Work, gravitational potential energy, kinetic energy 
ii. Possibly elastic potential energy etc. 

b. Students effectively use academic language and concepts. 
c. Students sketch their connection

i. Label points 
ii. Identify energy at that point 

4. Students develop a procedure to collect and analyze data 
a. Identify energy at each point 
b. Calculate the respective energy using the correct formula 
c. Explain their data collection process 
d. Articulate areas of trouble to demonstrate deep understanding of content and its application. 

5. 5. Students should record in a daily log 
a. Serves as reflection and collection of the evolution of their thinking process 
b. Students ought to think deeper about content and its application to engineering and 

real-world phenomenon. 
c. Teacher should scaffold the logs to make them appropriate to their class and can be used as 

a method of assessment (pre and post) 
6. Teacher facilitates 

a. Probes students for conceptual understanding 
b. Models for students when necessary 
c. Evaluates and suggests 
d. Provides constructive feedback 

Evaluate 
7. Teacher evaluates student progress in each of the following areas (rubric created by instructor) 

a. Construction of transition 
b. Explanation and application of content 

i. Calculations and conceptual understanding 
c. Application of the scientific method in respect to the collecting and analyzing of data

LESSON 1: SIMPLE MACHINE STATIONS 

SIMPLE MACHINE EXAMPLES
● Wheel and Axle 
● Pulley
● Screws
● Pendulum
● Levers 
● Wedge

OBJECTIVE 
Students familiarize themselves with simple machines and other concepts in order to prepare for the Chain 
Reaction recycling project. 

ENGAGE 
1. Inform students that the point of Simple Machines Stations is to spark ideas and inspire creative 

connections for the Chain-Reaction Machine. They are going to take the ramps that they made and 
connect them into a whole-class Chain-Reaction Machine. 

EXPLORE & EXPLAIN 
1. Students rotate around stations and explore each concept 

a. Students identify the labeled station 
b. From their experience with the station or prior knowledge describe the concept 

i. What does it do? 
ii. How does it work? 

c. Students brainstorm ways in which this machine may assist with their recycling project. 
2. Teacher facilitates student learning 

a. Monitors station timing 
i. Based on classroom dynamics—you know your students. 

b. Circles around classroom 
i. Asks guiding and supporting questions—deepen student understanding 
ii. Provides examples of the use of the machine in real-world scenarios 

1. Making real-world connections 
2. Students can provide real-world connections 

iii. Answers student questions

ELABORATE  
3. Students “apply” simple machine 

a. Students sketch a possible transition to another ramp 
i. Students make connections from lab to project outcome 
ii. Students participate in engineering practices

 *Students should be given the simple machines table hand-out to support this process. 
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MAGNETIC TRAIN
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-PS2-3. Ask questions about data to 
determine the factors that affect the strength of 
electric and magnetic forces

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts, 
attending to the precise details of explanations 
or descriptions.

Mathematics
MP.2 Reason abstractly and quantitatively. 

DOK: 
Level 2: Concept
Level 3: Strategic Thinking

“Maglev” trains, short for “magnetic levitation,” are a type of train being used in some places that replace 
traditional steel rails and wheels with magnetic propulsion. These trains use two sets of magnets, one to 
repel the train off the track making it levitate, and the other to propel it forward. Let's build a miniature 
magnetic train to learn how science makes this incredible feat possible.

OBJECTIVE:

Students will be able to ask questions about the 
magnetic phenomena and what strengthens and 
weakens magnetic effects.

ESSENTIAL QUESTIONS:

● What is magnetism and how does it work?
● How are electricity and magnetism 

related?
● How might we use this electromagnetic 

phenomena to our advantage?

LEVEL 3

MATERIALS NEEDED:

❏ 20 gauge copper wire
❏ 6 neodymium magnets, 12mm
❏ ½” wooden dowel
❏ Tape

DIRECTIONS:
1. Tape an end of the copper wire to the 

dowel and begin wrapping it in a coil. Wrap 
your coil tightly around the dowel, don’t let 
it overlap. You want to build a coil about six 
inches long.

2. Take the coil off of the dowel and lightly 
stretch it out. You want the coils to be just 
far enough apart that they are not touching 
each other, but still closely wound.

3. Make 2 stacks of magnets, 3 magnets in 
each stack.

4. With the magnet stacks positioned so their 
charges repel each other, place the battery 
between the stacks.

5. Put your train into the coil, it should propel 
itself forward and out the other end.  You 
can also wrap the coil into a loop to keep 
the train in movement.

FUN FACTS
A. Magnets can be found in many 

common household items such 
as telephones, computers, 
stereos, refrigerators, and TVs.

B. Earth, Saturn, Jupiter, Neptune 
and Uranus are the only planets 
in our solar system with 
magnetic fields. 

C. Legend has it that a shepherd 
from Greece named Magnes 
was the first to discover 
magnetic rocks when the iron 
tip of his staff was pulled 
towards a stone as he passed 
over it. These rocks were 
named magnetites, after 
Magnesia (in modern-day 
Turkey), Magnes's home.
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MAGNETIC TRAIN
MIDDLE SCHOOL 
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ELABORATE:
1. Students select one of the 3 magnetism activities

a. Magnetic Train (See previous)
b. Curie Effect Magnetic Heat Engine
c. Windmill (Provided below)

i. Windmills are structures that convert wind energy into rotational energy. The wind 
blows through the fan blades on the windmill causing them to turn. Traditionally, 
windmills were used to mill grain and pump water, but today we will use wind energy 
to power an LED bulb.

ii. Materials needed
1. DC motor, LED, craft sticks, paper cups, hot glue, drill and a bit to match the 

motor size, fan
iii. Directions:

1. Cut a paper cup into four even parts, removing the round bottom of the cup.  
These parts will be used as fan blades to catch the wind.

2. Glue two craft sticks together in the center forming an X.
3. Drill a hole through the center of the craft stick X. Be sure the glue has dried 

first. This will be part of the structure of the windmill and will hold the blades 
in place.

4. Glue your fan blades in place. Glue the craft sticks to the back of the blades.  
Set the blades at a 25-35 degree angle to the craft sticks. This will help the 
blades to turn more efficiently in the wind. This is the most important part of 
the design; try different materials and angles to create the optimum windmill.

5. Attach the leads of your LED to the terminals on the motor. Do this by 
wrapping the LED leads through the terminals.

6. Glue the windmill blades onto the motor arm.
7. Put a paper cup upside down on the table and glue two craft sticks to the side 

of it, facing upward. This will function as a stand for the windmill blades.
8. Glue your motor to the craft-stick stand and let it all dry.
9. Turn on your fan and put the windmill in front so it can catch the wind.

10. Your bulb should light up given you have enough wind power and the leads are 
wired correctly.  If the bulb isn’t lighting up in the wind, reverse the leads of the 
LED.  

2. Students create their magnetism demo and give it purpose! (they can turn their demo into a game)
3. Students produce a series of questions and cause/effect explanation of their demo
4. Teacher evaluates students on their cause and effect explanation of magnetic and magnetic 

induction principles
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ENGAGE:
1. Provide students an opportunity to play and experience with magnetism
2. Set up various magnetism stations around the classroom

a. Two bar magnets
b. Bar magnet and a compass
c. Bar magnet, paper and iron filings
d. Bar magnet and aluminum can
e. Bar magnet and a series of magnetic and non-magnetic objects

3. Ask students to circulate to the various stations
a. Draw pictures and record observations at each station
b. Generate questions about each exercise 
c. Teacher asks facilitating questions as they circulate the classroom

i. What happens to the compass when the magnet is close by? Does the distance you 
are away affect the compass movement?

ii. Can you generate any patterns in the iron filings?
EXPLORE:

1. Set up additional stations (or do them together with the Engage portion)
a. Nail, copper wire, AA battery, paperclips
b. Bar magnet, coil, LED or multimeter attached to coil

2. Have students circulate to each station or provide 1 per group
a. Make observations and play with each set up
b. Generate questions about the experiment
c. Devise a cause-and-effect relationship in each setup

EXPLAIN:
1. Provide opportunity for students to use PhET simulations

a. Magnets & Electro Magnets
b. Magnet and compass
c. Faraday's Electromagnetic lab
d. Generator
e. Ask students to make observations as they use the simulations
f. Draw and explain a cause and effect relationship.

2. Together with students construct cause and effect relationships from their experimentation and 
observations

a. Magnet’s north and south poles
i. Opposite poles attract
ii. Earth as a giant magnet
iii. Magnets: How do they work?

b. Magnetic field and field lines
i. Dissipating magnetic  field force with distance
ii. What causes the northern lights?

c. Relationship between electric currents- magnetism and magnetism-electric currents
i. Electric generation
ii. Motors
iii. world's first generator
iv. Electromagnetic induction

d. Cosmos: A Spacetime Odyssey S1E10 “Electric Boy” 
i. Have students watch the video to learn about Michael Faraday and his discovery of 

electromagnetic induction.
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MOUSETRAP CAR 
MIDDLE SCHOOL

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
MS-PS2-2. Plan an investigation to provide 
evidence that the change in an object’s motion 
depends on the sum of the forces on the object 
and the mass of the object.

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.3 Follow precisely a multistep 
procedure when carrying out experiments, 
taking measurements, or performing technical 
tasks. 

WHST.6-8.7 Conduct short research projects to 
answer a question (including a self-generated 
question), drawing on several sources and 
generating additional related, focused questions 
that allow for multiple avenues of exploration.

Mathematics
MP.2 Reason abstractly and quantitatively. 

6.EE.A.2 Write, read, and evaluate expressions 
in which letters stand for numbers. 

7.EE.B.3 Solve multi-step real-life and 
mathematical problems posed with positive and 
negative rational numbers in any form, using 
tools strategically. Apply properties of 
operations to calculate with numbers in any 
form; convert between forms as appropriate; 
and assess the reasonableness of answers 
using mental computation and estimation 
strategies. 

7.EE.B.4 Use variables to represent quantities in a 
real-world or mathematical problem, and construct 
simple equations and inequalities to solve 
problems by reasoning about the quantities.

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ Wooden mouse trap
❏ Homemade toy car
❏ Rubber bands, both large and small
❏ 4 eye hooks
❏ 2 wooden dowels
❏ String
❏ Duct tape

DIRECTIONS:
1. Use container lids to make wheels, wrap 

rubber bands around the wheels to add 
traction

2. Use wood dowels as an axle for the wheels

3. Thread the axle through eye hooks. Fasten 
the hooks to the bottom of your vehicle

4. Make the body of the car with light wood or 
other firm material. As long as it's sturdy 
enough to hold and support the weight of a 
mousetrap, it will work

Our STEAM labs are full of materials that can be used to build a 
great toy car.  Build yourself an awesome vehicle that you will 
power with the spring of a mouse trap.

Be sure to remove any metal teeth from 
the mousetrap. After you’ve built your car, leaving 
space for the mousetrap, mount it in the vehicle.  
Leave half an inch on either side of the mousetrap 
and use duct tape to fasten it to the car. Next, tie 
a piece of string to the swing arm of the 
mousetrap. The string should be long enough to 
reach the rear axle. Now, pull the trap open and 
wrap the string tight around the rear axle. When 
the trap arm is released, the string will pull, 
unwinding the string on the rear axle and 
propelling the car across the surface. Off to the 
races!! 

OBJECTIVE: 
Students will be able to design and carry out a 
test to determine the velocity of their vehicle.

ESSENTIAL QUESTIONS: 

● What problems related to friction did you 
encounter and how did solve them?

● What is the effect of using large or small 
wheels?

ENGAGE / EXPLORE:
1. Students construct mouse trap cars using 

materials from 2BCF
a. Students are introduced to 

the materials and 
objectives that should be 
met for the build

b. Teacher may provide 
restrictions on outside 
materials that may be used 
(optional)

c. Safety considerations 
should be addressed.

LEVEL 3
EXPLAIN:

1. Students devise an experiment to determine 
the velocity of their mousetrap cars

a. Teacher should oversee their 
procedures to determine if they are 
sufficient to collect data

2. Students make a prediction about the velocities 
of their cars

3. Students collect data
a. Students carry out their procedure and 

collect displacement and time data to 
analyze their cars

b. Students perform the experiment 2 to 3 
times to gather more accurate results

4.   Students analyze their data
a. Plot their data
b. Calculate the velocity values

5. Students draw conclusions from their data

ELABORATE:

1. Students will prepare lab write up
a. Students will present all of their 

lab from the Explore and Explain 
sections above in a 
well-structured lab write up
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MOUSETRAP CAR 
MIDDLE SCHOOL
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PUT-PUT BOAT
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
HS-PS3-1 Create a computational model to 
calculate the change in the energy of one 
component in a system when the change in energy 
of the other component(s) and energy flows in and 
out of the system are known. 

HS-PS3-2. Develop and use models to illustrate 
that energy at the macroscopic scale can be 
accounted for as a combination of energy 
associated with the motion of particles (objects) 
and energy associated with the relative positions 
of particles (objects). 

HS-PS3-3. Design, build, and refine a device that 
works within given constraints to convert one form 
of energy into another form of energy.* 

HS-PS3-4. Plan and conduct an investigation to 
provide evidence that the transfer of thermal 
energy when two components of different 
temperature are combined within a closed system 
results in a more uniform energy distribution 
among the components in the system (second law 
of thermodynamics)

COMMON CORE CONNECTION: 
ELA/Literacy 
WHST.9-12.7 Conduct short as well as more 
sustained research projects to answer a question 
(including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when 
appropriate; synthesize multiple sources on the 
subject, demonstrating understanding of the 
subject under investigation. 

Mathematics 
MP.2 Reason abstractly and quantitatively. 

MP.4 Model with mathematics. 

HSN.Q.A.1 Use units as a way to understand 
problems and to guide the solution of multi-step 
problems; choose and interpret units consistently 
in formulas; choose and interpret the scale and the 
origin in graphs and data displays. 

HSN.Q.A.2 Define appropriate quantities for the 
purpose of descriptive modeling. 

HSN.Q.A.3 Choose a level of accuracy appropriate 
to limitations on measurement when reporting 
quantities.

MATERIALS NEEDED:
❏ Tin can
❏ Tape
❏ Bendy straws
❏ Candles
❏ Homemade toy boat

Steam engines are external combustion engines that perform mechanical functions, using steam as their 
working fluid. The Put-Put boat is a an experiment in steam power. Using simple materials that are easily 
sourced, you can build a miniature steam boat that will propel itself around a body of water. 

DIRECTIONS:
1. Carefully, cut off the top and bottom of a 

tin can.

2. Cut down the side of the can to open and 
flatten the aluminum.  Use the creases 
made in the can during the machining 
process as a guide to cut along.

3. Trim the edges of your can down, leaving a 
rectangle of tin about 8” wide.

4. Fold the tin in half, widthwise, so you have 
a 4” folded section. Apply weight evenly on 
the fold using a flat object.

5. Tape the open end of the folded can 
closed.

6. Trim the height of the folded tin to 2 ½”.  
Keep the strips of tin for use later in the 
construction.

7. Use a ruler or flat object to crease the tin 
and bend it, widthwise, a quarter inch on 
both sides. Carefully work these bent parts 
of tin all the way over so it is folded on 
itself. This is the heating element for the 
boiler.

8. Use a pen to open up the end of the tin 
fold that has not been sealed.  

9. Cut the bendy straws 2” from the bendy 
part on the long part of straw.

10. Put the cut end of the straws  ⅛” into the 
boiler next to each.

11. Seal the boiler using glue or an epoxy. Be 
sure you get all the folded and open 
airways sealed.

LEVEL 3 12. Seal around the straws as well. You 
should now have a pocket of air with two 
straws protruding from the end.

13. When the glue has dried, attach the boiler 
to the back of your boat.

14. Cut ½” of birthday candle. These work well 
because they create a small flame.

15. Attach the candle to the deck of the boat.

16. Add a bit of water to the boiler by pouring 
through one of the straws until water 
comes out the other. This will provide 
moisture to make steam. While keeping a 
bit of water in the straws, lower them into 
the water.

17. Attach the boiler to the rear of the boat so 
it is suspended above the candle. The 
boiler side, with the glue and folded parts, 
should be facing up. The bottom should be 
free from any glue or tape.

18. With the boiler held in place above the 
candle, and the straws resting in the water, 
light the candle. The flame should be far 
enough that it is not touching the tin, but 
providing enough heat to steam the water 
in the boiler.

As the steam builds, it pushes out the 
opening of the straw creating the 
momentum to power the boat. Priming the 
boiler and straw jets with water is a key 
part of success here. You may need to 
problem solve your boilers and innovate a 
better design. Using these directions as a 
starting point, you are on the path to 
success.
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PUT-PUT BOAT
MIDDLE SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
HS-PS3-1 Create a computational model to 
calculate the change in the energy of one 
component in a system when the change in energy 
of the other component(s) and energy flows in and 
out of the system are known. 

HS-PS3-2. Develop and use models to illustrate 
that energy at the macroscopic scale can be 
accounted for as a combination of energy 
associated with the motion of particles (objects) 
and energy associated with the relative positions 
of particles (objects). 

HS-PS3-3. Design, build, and refine a device that 
works within given constraints to convert one form 
of energy into another form of energy.* 
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provide evidence that the transfer of thermal 
energy when two components of different 
temperature are combined within a closed system 
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among the components in the system (second law 
of thermodynamics)
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ELA/Literacy 
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sustained research projects to answer a question 
(including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when 
appropriate; synthesize multiple sources on the 
subject, demonstrating understanding of the 
subject under investigation. 
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problems and to guide the solution of multi-step 
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origin in graphs and data displays. 
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LESSON PLAN 2: HEAT INSULATION

OBJECTIVE: 
1. To collect and analyze data on the heat conduction rate of different materials and read and interpret 

an article to collect evidence to support their models

ENGAGE: 
1. Teacher displays a picture of an igloo made from ice and asks the class, “how do igloos keep people 

warm?” Students write their ideas after discussing with a partner. 
2. Class discusses igloos and other examples of heat transmission in everyday life. Concept of 

insulation is discussed.

EXPLORE: 
1. Parameters for heat insulation is discussed with the class. Teacher connects the objective of next 

activity, heat box, to this engineering challenge. Class is shown available materials and asked to test 
those materials’ ability to insulate. 

2. Class collects and shares data.

EXPLAIN:
1. Students review reading: “Heat Conduction and Transfer.” In teacher-directed instruction, class 

reviews how to calculate heat transfer coefficient. Students complete problems in pairs. 
a. Class read and discusses article on how things work: Heat Insulation 

https://www.explainthatstuff.com/heatinsulation.html
2. Class discusses results of data including 

a. What materials acted as the best insulator? What qualities did they have? 
b. What other things may have affected the results? Could we control for them better? 
c. Students work in groups to develop a method to determine the heat transfer coefficient for 

their box. 
3. Class reads and discusses article on heat insulation.  Students read the article independently for the 

first time, circling key terms, numbering paragraphs, and focusing on graphics. In groups of four, 
student reread the article each for a different purpose. 

a. What does the article tell you about what would make the best insulation for your box? 
b. How is heat insulation used in everyday life? 
c. How does heat insulation work? 
d. What can you learn about key terms and ideas about heat from the article? Students fill out 

graphic organizer of information and evidence and location in text. As a group of four, 
students share their findings. The class then discusses whether the article met each of the 
purposes. 

ELABORATE:
1. Students design a second container using the article, class data and discussion. 
2. After making their second model, they test it. 

EVALUATE:
1. Citing evidence for their claim: students analyze all the data collected and make a claim. They use a 

graphic organizer to support their claim with evidence and reasoning.

LESSON PLAN 1: HEAT VS TEMPERATURE 

PRIOR KNOWLEDGE: 
1. Students have studied kinetic energy in their kinematics unit

OBJECTIVE: 
1. To observe and explain differences between temperature and heat

ENGAGE: 
1. Teacher swabs rubbing alcohol on the back of a student’s hand. 

a. “What do you observe about the alcohol?”
b. “Is the alcohol colder than the air? How can we test that?”
c. “Why do you think that the alcohol feels cool?” If the class has already studied vaporization, 

the teacher might continue the discussion comparing water and alcohol. 

EXPLORE: 
1. 4 containers of small materials with differing heat conduction rates are placed at each table. 

a. “Predict the temperature of each container. How do you think each will feel if you place your 
hand in them?” 

b. Students design an experiment and create a data table to test their hypothesis. 

EXPLAIN:
1. Discuss the data with the class. Through inquiry questions, allow students to differentiate between 

temperature and heat. Questions can include: 
a. “Why do some materials feel cooler? How could we test that hypothesis?” 
b. “How does your brain determine hot and cold? 

ELABORATE:
1. Students read the introduction and procedure for Measurement of Heat Transfer. They write their 

hypothesis before collecting data 
2. Discuss the data with the class. Use the discussion questions to develop an understanding of the 

First Law of Thermodynamics. 

EVALUATE:
1. Students answer the following written prompt as an exit ticket “When your mother tells you to close 

the refrigerator door and not ‘let all the cold out,’ what is not scientific about that demand? (Warning: 
do NOT tell your mom that.)” Draw a diagram of the thermal energy and the movement of heat 
energy before and after you opened the refrigerator
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Heat Transmission  Description Picture Example Application to 
Your Heat Box 

Conduction

Convection

Radiation

PUT PUT BOAT- SKETCH YOUR IDEAS
STUDENT HANDOUT

NAME:_____________

PRELIMINARY PLANNING 

Driving Question: How do we design a working model that demonstrates and explains three methods of 
heat transfer: radiation, conduction, convection?

1. List scientific topics that you will need to research in order to answer the driving question.
2. Make notes on parameters. 
3. Which materials will you use and how will you use them? 
4. How will the model demonstrate each type of heat flow? 

Conduction Convection Radiation
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MELTING WAX MOLECULAR MODEL
MIDDLE SCHOOL

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-PS1-4. Develop a model that predicts and 
describes changes in particle motion, 
temperature, and state of a pure substance when 
thermal energy is added or removed.

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.7 Integrate quantitative or technical 
information expressed in words in a text with a 
version of that information expressed visually 
(e.g., in a flowchart, diagram, model, graph, or 
table). (MS-PS1-4)

Mathematics
6.NS.C.5 Understand that positive and negative 
numbers are used together to describe quantities 
having opposite directions or values (e.g., 
temperature above/below zero, elevation 
above/below sea level, credits/debits, 
positive/negative electric charge); use positive 
and negative numbers to represent quantities in 
real-world contexts, explaining the meaning of 0 
in each situation. (MS-PS1-4)

DOK:

Level  3 - Strategic Thinking
Level 4 - Extended Thinking

MATERIALS NEEDED:

❏ Lego-style bricks  
❏ Cardboard 
❏ Any other materials they can upcycle! 
❏ Specific materials for activity sequences 

are in the lesson cycle

DIRECTIONS:
1. Students will follow an iterative process of 

modeling consistent with NGSS “modeling”

2. Throughout the sequence students have 
opportunities to construct a 3D model of 
molecular motion to explain a melting 
candle

3. Most importantly, allow students time to 
revisit their model and make changes as 
their knowledge increases and they correct 
previous misconceptions.

Candle wax drips onto a cake because the flame at the top adds thermal energy to the solid wax. The added 
thermal energy between the molecules gives the molecules more energy and causes them to move quickly 
and further apart. This added distance between the molecules causes a weakened force between the 
molecules and causes a state change. Although we cannot see the change at the molecular level, we see 
wax change to a liquid phase.

OBJECTIVE:
Students will be able to develop a model to 
explain how thermal energy affects the motion of 
particles.

ESSENTIAL QUESTIONS:
● Why does candle wax drip onto a birthday 

cake?
● How does thermal energy affect particle 

motion?
● Does thermal energy always increase 

temperature?

LEVEL 3 FUN FACTS
A. In 2006, Ashrita Furman broke 

the record for lighting 75,585 
candles on a birthday cake.

B. A wax sculpture takes 350 
hours, more than 250 
measurements and  over 24,000 
lbs of wax to create.

C. Madame Tussauds Wax 
Museums are located 
internationally with over 
hundreds of wax figures. 
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MELTING WAX MOLECULAR MODEL
MIDDLE SCHOOL

EDUCATIONAL STANDARDS:
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EXPLAIN:
1. Have students perform an experiment to determine the heating curve for water.

a. Students heat a beaker of ice/water mixture until it gets to a boil
b. Record measurements of temperature every minute
c. Students will then have a data table temperature vs time

i. Plot the data 
ii. Have students draw conclusions about the pattern in the data

d. Teacher should support through guided questions to observe that heat doesn’t always 
change temperature - during phase change the energy weakens bonds to cause phase 
changes to occur (latent heat).

2. Have students draw images of particles and their motion during each portion of the water curve to 
support an understanding of particle motion.

3. Evaluate their lab

ELABORATE:
1. Ask students to use their new knowledge of phase changes, heat, temperature, particle motion to 

make final revisions to their model of the melting candle.
2. They can share their models with the class through gallery walks, presentations, etc.
3. Evaluate students’ models for correct explanation of what occurs when candle wax melts and drips.

ENGAGE:
1. Provide each group of students with a burning candle.
2. Allow them to observe the candle burning

a. Ask them what they think is happening and why?
b. Have students respond using 2 Bit Circus materials to model their explanation of what is 

occurring
c. Do not worry about correctness in their models - this is just an initial experience for students.

3. Monitor students and support their modeling process - do not correct them or tell them answers
4. Informally evaluate students initial models

EXPLORE:
1. Allow students the opportunity to explore the motion of water at various temperatures with food 

coloring
a. Provide each group with water with ice, room temperature water, heated water (not boiling), 

and food coloring
i. Make sure to discuss with students that the water may be hot and take necessary 

safety precautions.
b. Provide students with measurement devices

i. Stopwatch
ii. Thermometer

2. Have students perform a simple lab to observe the differences in the rate of mixture with the food 
coloring

a. Ask students, what do you think will happen when putting drops of food coloring in each 
beaker of water?

b. Students may choose to do qualitative or quantitative measurements
i. The experiment ought to be controlled (equal amounts of drops in each container, 

systematic method of observing(drops placed at the same exact time or time 
measured to determine rate of mixture).

c. Students should record their observations
d. Do not tell students the objective of the lab (allow for self discovery)

3. After gathering their observations, ask students to revise their models of the candle
a. The objective of this activity was to allow students to see that atoms and molecules can 

move.  Their motion changes based on the amount of energy added/subtracted from them.
4. Evaluate

a. Informally student models and growth/understanding/misconceptions
b. Formally evaluate their lab
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EXPLAIN:
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MIDDLE SCHOOL

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-LS1-2. Develop and use a model to describe 
the function of a cell as a whole and ways the 
parts of cells contribute to the function.

COMMON CORE CONNECTION: 
ELA/Literacy 
SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add 
interest. (MS-LS1-2)

Mathematics 
6.EE.C.9 Use variables to represent two 
quantities in a real-world problem that change in 
relationship to one another; write an equation to 
express one quantity, thought of as the 
dependent variable, in terms of the other 
quantity, thought of as the independent variable. 
Analyze the relationship between the dependent 
and independent variables using graphs and 
tables, and relate these to the equation. 
(MS-LS1-2)

DOK: 
Level 3 - Strategic Thinking
Level 4 - Extended Thinking

MATERIALS NEEDED:

❏ Pen
❏ Paper

OBJECTIVE:
Students will be able to develop a model of a cell 
and its parts to describe how it functions. 

ESSENTIAL QUESTIONS:
● What is the function of a cell?
● How do the individual parts of a cell 

contribute to its function?
● How do plant and and animal organelles 

differ in function?

Imagine plunging to microscopic levels and playing a game in the inside of a cell to learn organelles and 
basic cellular structure and function!  This is the goal for our students - to construct a carnival themed game 
to teach others about cells.  The design? Of course! It is the body system. The game and rules?  Those are 
up to our students to creatively express their knowledge of cells’ structure and function.

LEVEL 3 FUN FACTS
A. The first microscope was 

invented in the 16th century by 
Zacharias Janssen in  
Middleburg, Holland. 

B. Scientists estimate that the 
average human body contains 
37.2 trillion cells. 

C. Dolly the Sheep is known as the 
first mammal to be cloned from 
an adult cell. 
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EXPLAIN: 
1. Have students use computers or tablets to research and support their results of living and nonliving 

things (students may use textbooks as well)
a. Cell Theory
b. Living vs nonliving
c. Robert Hooke
d. Multicellular vs single cellular

2. Have students organize their research in a concept map of their choice and secure in their 
notebooks

3. Teacher should support and clarify student research through discussion and Q&A.
4. Evaluate student research and synthesis of information

ELABORATE/EVALUATE:
1. Tell students that they have been hired as an investigational team to identify several unknown things 

to determine if they were ever alive or not.
2. Provide students images of different objects under the microscope/ or allow them to use a 

microscope to look at slides of your choosing 
a. Students should not be told what the objects or organisms are.

3. Ask students to identify  the slide they are looking at as living or non living, single or multi celled 
organism

a.  Students may use words, pictures, and arrows to develop an explanation.
b. Students will perform this for each slide they are given.
c. Students will explain how the microscope and their investigation helped them come to this 

consensus 

ENGAGE:
1. Provide students with the  following list of items or pictures of the items

a. sand/rocks
b. Distilled water
c. sugar
d. Cotton
e. Cork
f. Plant leaf (any)
g. Onion or celery
h. Strawberry or banana
i. Yogurt
j. Human hair

k. Inside of the cheek
2. Ask students to sort the items by living and nonliving
3. Monitor students lists and ask questions to check their reasoning

a. Do not tell students answers

EXPLORE:
1. Provide students with microscopes
2. Assist students in constructing slides or have them made prior to class for each item in the list 

above.
3. Ask students to make observations of each slide under the microscope.

a. What do you see?
i. Draw what is visible in each slide

b. Do any slides have similarities/differences?
i. Students sort things based upon similarities

1. Student ought to be organizing based on a visible similarities in cell structures 
(i.e they may place the human hair and cheek cell together, onion, cork, 
strawberry, they may even start grouping onion and cheek -which is ok for 
now)

ii. Teacher should facilitate students sorting.
1. Ask guided questions
2. Ask for reasoning/support for their decisions

4. Students may have time to compare their results with other peers in the class
5. Ask students what they noticed between living and nonliving things.

a. Did the microscope change their prediction about certain objects, whether they were living or 
not?

b. What is it that they saw in all living things
i. Students may describe the cell structure but may or may not use the word “cell”

c. Did non living things share similar things?
i. Students still may try to argue that certain living things are indeed non living
ii. Ask for evidence from students
iii. Use reasoning and pattern recognition in support that certain nonliving things may 

have been living at some time (i.e. cork, yogurt) 
6. Evaluate students’ experimental process and conclusion from evidence. 
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MAKE A MODEL 
 WITH THE CIRCUS! (2 of 2)
MIDDLE SCHOOL

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-LS1-1. Conduct an investigation to provide 
evidence that living things are made of cells; 
either one cell or many different numbers and 
types of cells.

COMMON CORE CONNECTION: 
ELA/Literacy 
WHST.6-8.7 Conduct short research projects to 
answer a question (including a self-generated 
question), drawing on several sources and 
generating additional related, focused questions 
that allow for multiple avenues of exploration. 
(MS-LS1-1)

Mathematics 
6.EE.C.9 Use variables to represent two 
quantities in a real-world problem that change in 
relationship to one another; write an equation to 
express one quantity, thought of as the 
dependent variable, in terms of the other 
quantity, thought of as the independent variable. 
Analyze the relationship between the dependent 
and independent variables using graphs and 
tables, and relate these to the equation. 
(MS-LS1-1)

DOK: 
Level 3 - Strategic Thinking
Level 4 - Extended Thinking

MATERIALS NEEDED:

❏ Lego-style bricks 
❏ Cardboard
❏ Any other materials they can upcycle!
❏ Specific materials for activity sequences 

are in the lesson cycle.

DIRECTIONS:
1. Provide students a variety of Two Bit Circus 

Foundation materials, Cardboard, and 
SOHO Bricks. 

2. Allow students time to brainstorm and 
design games or shows.

3. Facilitate students ideas and watch them 
create masterful games! 

Imagine plunging to microscopic levels and playing a game in the inside of a cell to learn organelles and 
basic cellular structure and function!  This is the goal for our students - to construct a carnival themed game 
to teach others about cells.  The design? Of course! It is the body system. The game and rules?  Those are 
up to our students to creatively express their knowledge of cells’ structure and function.

LEVEL 3

OBJECTIVE:
Students will be able to design and conduct an 
experimentation to explore the microscopic 
structure of living and nonliving things.

ESSENTIAL QUESTIONS:
● What distinguishes living and non living 

things?
● What do all living things have in common?

FUN FACTS
A. The record for juggling three 

balls 325 times while riding a 
unicycle was set by Perry 
Petaccia in 2017. 

B. Eddie Hall is the first person to 
set the record for World’s 
Strongest Man lifting 1,102 
which is equivalent to the 
weight of polar bear.

C.  The origin of the modern circus 
dates back to the 1770’s when 
Philip Astley fused 
entertainment elements- 
acrobatics, trapeze acts and 
comedy.  
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MIDDLE SCHOOL

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-LS1-2. Develop and use a model to describe 
the function of a cell as a whole and ways the 
parts of cells contribute to the function.

COMMON CORE CONNECTION: 
ELA/Literacy 
SL.8.5 Integrate multimedia and visual displays 
into presentations to clarify information, 
strengthen claims and evidence, and add 
interest. (MS-LS1-2)

Mathematics 
6.EE.C.9 Use variables to represent two 
quantities in a real-world problem that change in 
relationship to one another; write an equation to 
express one quantity, thought of as the 
dependent variable, in terms of the other 
quantity, thought of as the independent variable. 
Analyze the relationship between the dependent 
and independent variables using graphs and 
tables, and relate these to the equation. 
(MS-LS1-2)

DOK: 
Level 3 - Strategic Thinking
Level 4 - Extended Thinking

MATERIALS NEEDED:

❏ Pen
❏ Paper

OBJECTIVE:
Students will be able to develop a model of a cell 
and its parts to describe how it functions. 

ESSENTIAL QUESTIONS:
● What is the function of a cell?
● How do the individual parts of a cell 

contribute to its function?
● How do plant and and animal organelles 

differ in function?

Imagine plunging to microscopic levels and playing a game in the inside of a cell to learn organelles and 
basic cellular structure and function!  This is the goal for our students - to construct a carnival themed game 
to teach others about cells.  The design? Of course! It is the body system. The game and rules?  Those are 
up to our students to creatively express their knowledge of cells’ structure and function.

LEVEL 3 FUN FACTS
A. The first microscope was 

invented in the 16th century by 
Zacharias Janssen in  
Middleburg, Holland. 

B. Scientists estimate that the 
average human body contains 
37.2 trillion cells. 

C. Dolly the Sheep is known as the 
first mammal to be cloned from 
an adult cell. 
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ELABORATE/EVALUATE
1.  Students to make their learning come alive!

a. Students will design a carnival game or show using the structure and function of a cell and its 
organelles.

b. Their game/show must do the following
i. Creatively and strategically teach the structure and function of the cell 

1. A minimum of two organelles must be used
ii. Engage the audience and be fun.
iii. Students must present it to the class

1. Identify the structure function of their game or present their show
2. Demonstrate understanding of the structure and function of the cell

 

ENGAGE: 
1. After students completed the first cycle for living and nonliving

a. Students grasp that all living things are made up of cells.
b. Nonliving things do not contain cells

2. Ask students
a. What are the functions of cells?
b. What does their structure look like?

3. Allow students time to use words, pictures, and arrows to respond to the questions
a. Students should perform this task individually, do not allow them to use books or internet 

during this process

EXPLORE:
1. Allow students to meet with their groups/ or assign random groups (group size is your choice)
2. Provide each group with a print out of cell micrographs of animal and plant cells

a. http://ib.bioninja.com.au/_Media/eukaryoteem_med.jpeg
b. Cover the image in a plastic sleeve and provide markers to allow students to highlight

3. Ask students to color code parts of each cell that look similar or perform the same function
4. Ask students to identify differences between the two types of cells
5. Allow students to visit websites to explore micrographs of plant and animal cells

a. http://ib.bioninja.com.au/standard-level/topic-1-cell-biology/12-ultrastructure-of-cells/cell-micro
graphs.html

b. https://www.cellsalive.com/cells/cell_model.htm
c. Students should have time to explore and compare to their group’s color coded parts

6. Allow students to make adjustments to their initial drawings from the engage portion based on 
observations made during the explore activity. 

EXPLAIN:
1. Allow students to use a variety of resources to improve their model of the structure and function of 

animal and plant cells.
a. Internet websites (preselected or researched by students)
b. Text book
c. Youtube videos

2. Have students record notes from their research
a. Using written notes
b. Charts, tables, visuals
c. Concept maps / graphic organizers

3. Provide students an opportunity to finalize their cellular models to assess their learning
a. Identifying the structure and function of the cell
b. Structure and Function of organelles
c. How organelles structure and function support one another and the overall function the cell.
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EXPLAIN: 
1. Have students use computers or tablets to research and support their results of living and nonliving 

things (students may use textbooks as well)
a. Cell Theory
b. Living vs nonliving
c. Robert Hooke
d. Multicellular vs single cellular

2. Have students organize their research in a concept map of their choice and secure in their 
notebooks

3. Teacher should support and clarify student research through discussion and Q&A.
4. Evaluate student research and synthesis of information

ELABORATE/EVALUATE:
1. Tell students that they have been hired as an investigational team to identify several unknown things 

to determine if they were ever alive or not.
2. Provide students images of different objects under the microscope/ or allow them to use a 

microscope to look at slides of your choosing 
a. Students should not be told what the objects or organisms are.

3. Ask students to identify  the slide they are looking at as living or non living, single or multi celled 
organism

a.  Students may use words, pictures, and arrows to develop an explanation.
b. Students will perform this for each slide they are given.
c. Students will explain how the microscope and their investigation helped them come to this 

consensus 

ENGAGE:
1. Provide students with the  following list of items or pictures of the items

a. sand/rocks
b. Distilled water
c. sugar
d. Cotton
e. Cork
f. Plant leaf (any)
g. Onion or celery
h. Strawberry or banana
i. Yogurt
j. Human hair

k. Inside of the cheek
2. Ask students to sort the items by living and nonliving
3. Monitor students lists and ask questions to check their reasoning

a. Do not tell students answers

EXPLORE:
1. Provide students with microscopes
2. Assist students in constructing slides or have them made prior to class for each item in the list 

above.
3. Ask students to make observations of each slide under the microscope.

a. What do you see?
i. Draw what is visible in each slide

b. Do any slides have similarities/differences?
i. Students sort things based upon similarities

1. Student ought to be organizing based on a visible similarities in cell structures 
(i.e they may place the human hair and cheek cell together, onion, cork, 
strawberry, they may even start grouping onion and cheek -which is ok for 
now)

ii. Teacher should facilitate students sorting.
1. Ask guided questions
2. Ask for reasoning/support for their decisions

4. Students may have time to compare their results with other peers in the class
5. Ask students what they noticed between living and nonliving things.

a. Did the microscope change their prediction about certain objects, whether they were living or 
not?

b. What is it that they saw in all living things
i. Students may describe the cell structure but may or may not use the word “cell”

c. Did non living things share similar things?
i. Students still may try to argue that certain living things are indeed non living
ii. Ask for evidence from students
iii. Use reasoning and pattern recognition in support that certain nonliving things may 

have been living at some time (i.e. cork, yogurt) 
6. Evaluate students’ experimental process and conclusion from evidence. 
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FOSSIL ANCESTRY 
MIDDLE SCHOOL

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-LS4-2. Apply scientific ideas to construct an 
explanation for the anatomical similarities and 
differences among modern organisms and 
between modern and fossil organisms to infer 
evolutionary relationships.

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts, 
attending to the precise details of explanations 
or descriptions. (MS-LS4-2)

WHST.6-8.2 Write informative/explanatory texts 
to examine a topic and convey ideas, concepts, 
and information through the selection, 
organization, and analysis of relevant content. 
(MS-LS4-2)

WHST.6-8.9 Draw evidence from informational 
texts to support analysis, reflection, and 
research. (MS-LS4-2)

SL.8.1 Engage effectively in a range of 
collaborative discussions (one-on-one, in groups, 
teacher-led) with diverse partners on grade 6 
topics, texts, and issues, building on others’ ideas 
and expressing their own clearly. (MS-LS4-2)

SL.8.4 Present claims and findings, emphasizing 
salient points in a focused, coherent manner with 
relevant evidence, sound valid reasoning, and 
well-chosen details; use appropriate eye contact, 
adequate volume, and clear pronunciation. 
(MS-LS4-2)

Mathematics 
6.EE.B.6 Use variables to represent numbers and 
write expressions when solving a real-world or 
mathematical problem; understand that a variable 
can represent an unknown number, or, depending 
on the purpose at hand, any number in a specified 
set. (MS-LS4-2)

DOK: 
Level 3 - Strategic Thinking
Level 4 - Extended Thinking

MATERIALS NEEDED:

❏ Pen
❏ Paper 

.

Fossils are great resources for evidence because they can tell us information organisms that lived in the 
past, the environment and their evolution.  By comparing and contrasting features from organisms from the 
past to ones the currently roam the Earth, scientist are better equipped to understand how we evolved.

OBJECTIVE:
Students will be able to construct ideas and 
explanations of similarities and differences 
between organisms by studying anatomical 
structures.

ESSENTIAL QUESTIONS:
● What evidence might we have to show 

common ancestry and evolutionary 
descent amongst animals?

● Can very distinct animals share common 
ancestry?

LEVEL 3 FUN FACTS
A. Traces of the oldest reptile, 

Hylonomus, were found on the 
Bay of Fundy, Canada which 
lived around 315 million years 
ago. 

B. Tiktaalik is a 375 million year 
old fossil fish and considered a 
transitional fossil because it 
had traits of a fish and an 
alligator.
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MAKE A MODEL 
 WITH THE CIRCUS! (2 of 2)
MIDDLE SCHOOL

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-LS1-1. Conduct an investigation to provide 
evidence that living things are made of cells; 
either one cell or many different numbers and 
types of cells.

COMMON CORE CONNECTION: 
ELA/Literacy 
WHST.6-8.7 Conduct short research projects to 
answer a question (including a self-generated 
question), drawing on several sources and 
generating additional related, focused questions 
that allow for multiple avenues of exploration. 
(MS-LS1-1)

Mathematics 
6.EE.C.9 Use variables to represent two 
quantities in a real-world problem that change in 
relationship to one another; write an equation to 
express one quantity, thought of as the 
dependent variable, in terms of the other 
quantity, thought of as the independent variable. 
Analyze the relationship between the dependent 
and independent variables using graphs and 
tables, and relate these to the equation. 
(MS-LS1-1)

DOK: 
Level 3 - Strategic Thinking
Level 4 - Extended Thinking

MATERIALS NEEDED:

❏ Lego-style bricks 
❏ Cardboard
❏ Any other materials they can upcycle!
❏ Specific materials for activity sequences 

are in the lesson cycle.

DIRECTIONS:
1. Provide students a variety of Two Bit Circus 

Foundation materials, Cardboard, and 
SOHO Bricks. 

2. Allow students time to brainstorm and 
design games or shows.

3. Facilitate students ideas and watch them 
create masterful games! 

Imagine plunging to microscopic levels and playing a game in the inside of a cell to learn organelles and 
basic cellular structure and function!  This is the goal for our students - to construct a carnival themed game 
to teach others about cells.  The design? Of course! It is the body system. The game and rules?  Those are 
up to our students to creatively express their knowledge of cells’ structure and function.

LEVEL 3

OBJECTIVE:
Students will be able to design and conduct an 
experimentation to explore the microscopic 
structure of living and nonliving things.

ESSENTIAL QUESTIONS:
● What distinguishes living and non living 

things?
● What do all living things have in common?

FUN FACTS
A. The record for juggling three 

balls 325 times while riding a 
unicycle was set by Perry 
Petaccia in 2017. 

B. Eddie Hall is the first person to 
set the record for World’s 
Strongest Man lifting 1,102 
which is equivalent to the 
weight of polar bear.

C.  The origin of the modern circus 
dates back to the 1770’s when 
Philip Astley fused 
entertainment elements- 
acrobatics, trapeze acts and 
comedy.  
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ELABORATE/EVALUATE
1.  Provide students with new images to study.  Cover up the name of the animal/fossil

a. chimp/human/sediba hand
b. human skulls

2. Ask students to make a supported claim (CER) about evolutionary origin and common ancestry from 
evidence of the above fossil records.

3. Have students share out their scientific reasons for supporting or refuting a claim of common 
ancestry.

a. Evaluate their scientific reasoning to support/refute the claim
b. Question students reasoning to check for understanding.

4. Have students make a prediction of what animal fossils were present
5. Share with students that a chimpanzee's hand had and skull were also in the lineup.

a. Humans and apes share common evolutionary ancestry.

ENGAGE:
1. Provide students with images of various animals. 

a. Mixture of images of mammals, reptiles, birds.
b. Ask students, “do you think that it is possible for any of these animals to share common 

ancestry?” why or why not?
c. Have students share out their responses

i. Question students’ responses
1. “How did you come to this conclusion”
2. “Is this an opinion or what evidence can you use to support your response?”

2. Evaluate
a. Student response and reasoning
b. Questioning of their own responses/thinking critically

EXPLORE:
1. Provide students with sample images of bone structures of various animals. It is helpful to print out in 

black and white so the bones are not highlighted for them. Also you may choose to cover up the 
names of the animals to not provide students with any additional information to affect their decision 
making.

a. bone structures
b. Hands

2. Ask students to produce a graphic organizer to identify similarities and differences amongst the bone 
structures

3. Ask students
a. To Provide a claim for the similarities and differences in the fossils
b. Probe student responses and push them to identify common bone patterns as evidence of 

potential common ancestry and evolution.
c. Do they observe any evidence that would contradict an idea of common ancestry and/or 

evolution? 
4. Evaluate 

a. Students’ similarities/differences of bones
b. Students’ use of pattern recognition and reasoning
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ELABORATE/EVALUATE
1.  Students to make their learning come alive!

a. Students will design a carnival game or show using the structure and function of a cell and its 
organelles.

b. Their game/show must do the following
i. Creatively and strategically teach the structure and function of the cell 

1. A minimum of two organelles must be used
ii. Engage the audience and be fun.
iii. Students must present it to the class

1. Identify the structure function of their game or present their show
2. Demonstrate understanding of the structure and function of the cell

 

ENGAGE: 
1. After students completed the first cycle for living and nonliving

a. Students grasp that all living things are made up of cells.
b. Nonliving things do not contain cells

2. Ask students
a. What are the functions of cells?
b. What does their structure look like?

3. Allow students time to use words, pictures, and arrows to respond to the questions
a. Students should perform this task individually, do not allow them to use books or internet 

during this process

EXPLORE:
1. Allow students to meet with their groups/ or assign random groups (group size is your choice)
2. Provide each group with a print out of cell micrographs of animal and plant cells

a. http://ib.bioninja.com.au/_Media/eukaryoteem_med.jpeg
b. Cover the image in a plastic sleeve and provide markers to allow students to highlight

3. Ask students to color code parts of each cell that look similar or perform the same function
4. Ask students to identify differences between the two types of cells
5. Allow students to visit websites to explore micrographs of plant and animal cells

a. http://ib.bioninja.com.au/standard-level/topic-1-cell-biology/12-ultrastructure-of-cells/cell-micro
graphs.html

b. https://www.cellsalive.com/cells/cell_model.htm
c. Students should have time to explore and compare to their group’s color coded parts

6. Allow students to make adjustments to their initial drawings from the engage portion based on 
observations made during the explore activity. 

EXPLAIN:
1. Allow students to use a variety of resources to improve their model of the structure and function of 

animal and plant cells.
a. Internet websites (preselected or researched by students)
b. Text book
c. Youtube videos

2. Have students record notes from their research
a. Using written notes
b. Charts, tables, visuals
c. Concept maps / graphic organizers

3. Provide students an opportunity to finalize their cellular models to assess their learning
a. Identifying the structure and function of the cell
b. Structure and Function of organelles
c. How organelles structure and function support one another and the overall function the cell.
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HIGH SCHOOL
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FOSSIL ANCESTRY 
MIDDLE SCHOOL

EDUCATIONAL STANDARDS:

NGSS CONNECTION:
MS-LS4-2. Apply scientific ideas to construct an 
explanation for the anatomical similarities and 
differences among modern organisms and 
between modern and fossil organisms to infer 
evolutionary relationships.

COMMON CORE CONNECTION: 
ELA/Literacy 
RST.6-8.1 Cite specific textual evidence to 
support analysis of science and technical texts, 
attending to the precise details of explanations 
or descriptions. (MS-LS4-2)

WHST.6-8.2 Write informative/explanatory texts 
to examine a topic and convey ideas, concepts, 
and information through the selection, 
organization, and analysis of relevant content. 
(MS-LS4-2)

WHST.6-8.9 Draw evidence from informational 
texts to support analysis, reflection, and 
research. (MS-LS4-2)

SL.8.1 Engage effectively in a range of 
collaborative discussions (one-on-one, in groups, 
teacher-led) with diverse partners on grade 6 
topics, texts, and issues, building on others’ ideas 
and expressing their own clearly. (MS-LS4-2)

SL.8.4 Present claims and findings, emphasizing 
salient points in a focused, coherent manner with 
relevant evidence, sound valid reasoning, and 
well-chosen details; use appropriate eye contact, 
adequate volume, and clear pronunciation. 
(MS-LS4-2)

Mathematics 
6.EE.B.6 Use variables to represent numbers and 
write expressions when solving a real-world or 
mathematical problem; understand that a variable 
can represent an unknown number, or, depending 
on the purpose at hand, any number in a specified 
set. (MS-LS4-2)

DOK: 
Level 3 - Strategic Thinking
Level 4 - Extended Thinking

MATERIALS NEEDED:

❏ Pen
❏ Paper 

.

Fossils are great resources for evidence because they can tell us information organisms that lived in the 
past, the environment and their evolution.  By comparing and contrasting features from organisms from the 
past to ones the currently roam the Earth, scientist are better equipped to understand how we evolved.

OBJECTIVE:
Students will be able to construct ideas and 
explanations of similarities and differences 
between organisms by studying anatomical 
structures.

ESSENTIAL QUESTIONS:
● What evidence might we have to show 

common ancestry and evolutionary 
descent amongst animals?

● Can very distinct animals share common 
ancestry?

LEVEL 3 FUN FACTS
A. Traces of the oldest reptile, 

Hylonomus, were found on the 
Bay of Fundy, Canada which 
lived around 315 million years 
ago. 

B. Tiktaalik is a 375 million year 
old fossil fish and considered a 
transitional fossil because it 
had traits of a fish and an 
alligator.
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PHOTOGRAMS
HIGH SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
HS-PS4-5. Communicate technical information 
about how some technological devices use the 
principles of wave behavior and wave interactions 
with matter to transmit and capture information 
and energy.* 

COMMON CORE CONNECTION: 
ELA/Literacy 

WHST.9-12.2 Write informative/explanatory texts, 
including the narration of historical events, 
scientific procedures/ experiments, or technical 
processes.

DOK: 
Level 3: Strategic Thinking 
Level 4:  Extended Thinking

MATERIALS NEEDED:
❏ Black & white photo paper
❏ Cardboard box
❏ Digital darkroom
❏ Translucent and opaque objects

DIRECTIONS:

1. Make a light-sealed box for your developing 
paper. You want your paper facing up with 
a removable cover.

2. Take your box outside in direct sun, without 
trees nearby that could cast shade.

3. Open the box and put your objects on the 
photo sheet. Objects that are solid will cast 
a silhouette and transparent objects let 
light through and will have a more shadowy 
effect.

4. Leave the photogram developing for 30-60 
minutes and then close the box.

5. Take your photogram into the digital 
darkroom and scan the image into your 
computer.

6. Load the photo into your photo editing 
software, or download an open source 
photo editor like Gimp. Invert the photo. 
This will give you a positive image based 
on the negative exposure on the photo 
sheet.

A photogram is a photographic image made without the use of a traditional camera. Photo 
developing paper is made using silver bromide crystals, which are sensitive to light. Typically, this 
paper is used to develop from a film negative to positive image.  However, enlarging machines are 
expensive, and the chemicals used can be dangerous. So, let’s make some photograms instead. To 
make these we will be using textured objects laid on photo paper in direct sunlight. This will 
develop negative images to the page, silhouetting the shape, or creating ghostly images.  This 
project is best done after building a digital darkroom.

OBJECTIVE:
Students will be able to explore various 
technological achievements in 
photography/videography to communicate 
technical information on how they use wave 
behavior to work.

ESSENTIAL QUESTIONS:
● How do cameras work?
● What is the difference between a film 

and digital camera?

LEVEL 1 FUN FACTS
A. Believe it or not, the human 

body spontaneously generates 
light! We can't see it with our 
naked eye, but we rhythmically 
emit ultra-weak photons as we 
metabolize energy, particularly 
in our cheeks.

B. William Henry Fox Talbot 
invented the photogram 
process in the mid 1800s.
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ELABORATE/EVALUATE
1.  Provide students with new images to study.  Cover up the name of the animal/fossil

a. chimp/human/sediba hand
b. human skulls

2. Ask students to make a supported claim (CER) about evolutionary origin and common ancestry from 
evidence of the above fossil records.

3. Have students share out their scientific reasons for supporting or refuting a claim of common 
ancestry.

a. Evaluate their scientific reasoning to support/refute the claim
b. Question students reasoning to check for understanding.

4. Have students make a prediction of what animal fossils were present
5. Share with students that a chimpanzee's hand had and skull were also in the lineup.

a. Humans and apes share common evolutionary ancestry.

ENGAGE:
1. Provide students with images of various animals. 

a. Mixture of images of mammals, reptiles, birds.
b. Ask students, “do you think that it is possible for any of these animals to share common 

ancestry?” why or why not?
c. Have students share out their responses

i. Question students’ responses
1. “How did you come to this conclusion”
2. “Is this an opinion or what evidence can you use to support your response?”

2. Evaluate
a. Student response and reasoning
b. Questioning of their own responses/thinking critically

EXPLORE:
1. Provide students with sample images of bone structures of various animals. It is helpful to print out in 

black and white so the bones are not highlighted for them. Also you may choose to cover up the 
names of the animals to not provide students with any additional information to affect their decision 
making.

a. bone structures
b. Hands

2. Ask students to produce a graphic organizer to identify similarities and differences amongst the bone 
structures

3. Ask students
a. To Provide a claim for the similarities and differences in the fossils
b. Probe student responses and push them to identify common bone patterns as evidence of 

potential common ancestry and evolution.
c. Do they observe any evidence that would contradict an idea of common ancestry and/or 

evolution? 
4. Evaluate 

a. Students’ similarities/differences of bones
b. Students’ use of pattern recognition and reasoning
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EXPLORE:
1. Students conduct research to see how both digital and film cameras work

a. Construct a compare/contrast using words pictures and arrows of the two camera systems
b. Explain the evolution of the field of photography from photograms to digital cameras.

2. Provide several videos to help students in their comprehension of how cameras work
a. How a DSLR works
b. How a digital camera works
c. How does a photon become a photo

3. Videos on the history of photography and its relationship to light theory
a. Cosmos: A Spacetime Odyssey 

i. Episode 4 “A Sky Full of Ghosts”
ii. Episode 5 “Hiding in the Light”

4. Evaluate
a. Students’ synthesis and communication of technical information.

ELABORATE:
1.  Allow students to select their project to communicate the technical way in which it uses waves to 

transmit and capture information. *these instructions may be given to students or withheld and given 
as a full engineering project*

a. Smartphone projector (project video or images using their phone)
i. Smartphone projector

b. Pinhole camera (take their own images on photo paper)
i. Pinhole camera instructions

2. Students should be allowed to design and make their projects unique
3. Allow students to keep their projects when they are complete
4. Evaluate

a. Project is in working order
i. Demonstrate functionality
ii. Explain its basic components

b. Students use technical language and drawings to communicate how their project uses wave 
principles to transmit and store information.

ENGAGE:
1. Pose a question to students

a. How does your phone’s camera take pictures and video for snapchat and instagram
b. Encourage students to look deeper than “you push the button”

2. Notify students that this series of lessons is all about exploring various technological advancements 
to understand how their cameras take video and photos.

EXPLAIN:
1. Provide students with scrap photo paper (do not give them good paper yet as the paper is light 

sensitive)
a. Ask students to look over the paper and record observations about the paper
b. Make a prediction of how this paper may be used to produce images(pictures)

2. Allow students to explore ideas in small groups on how they can make images with things in their 
backpack and the paper

a. They may not use their cellphones, camera etc. (the idea is to get them to make photograms)
b. Teacher should use facilitating questions to get students to the idea of photograms.

i. “When you take a picture what is needed?”
ii. “What happens if you take a picture in the dark?”
iii. “What does the paper do when exposed to light?”

3. Have students produce photograms
4. Have students use their photograms to provide a technical explanation on how the photo paper 

works
a. The paper is sensitive to light, allowing a reaction to occur when exposed to light
b. This allows us to capture and preserve observed matter using light.

5. Have students construct a simple pinhole viewer
a. Cereal box pinhole viewer
b. Ask students to use their viewer to record observations on what they see when looking 

through the hole
i. They can watch a video or if, during a solar eclipse, it can be used to look at the 

eclipse. 
ii. They may experiment with the side hole and what effect it has on their image. 

(smaller hole = sharper image)
c. From their observation,s students communicate about the pinhole viewer

i. Image is sharper with small diameter hole
ii. Image is inverted (upside down)
iii. Technical explanation on how they think the viewer works. 
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GEODESIC DOME
HIGH SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
HS-ETS1-1. Analyze a major global challenge to 
specify qualitative and quantitative criteria and 
constraints for solutions that account for 
societal needs and wants. 
HS-ETS1-2. Design a solution to a complex 
real-world problem by breaking it down into 
smaller, more manageable problems that can be 
solved through engineering. 
HS-ETS1-3. Evaluate a solution to a complex 
real-world problem based on prioritized criteria 
and trade-offs that account for a range of 
constraints, including cost, safety, reliability, and 
aesthetics as well as possible social, cultural, 
and environmental impacts.

COMMON CORE CONNECTION: 

HSG.MG.A.1 Use geometric shapes, their 
measures, and their properties to describe 
objects (e.g., modeling a tree trunk or a human 
torso as a cylinder). 

HSG.MG.A.3 Apply geometric methods to solve 
design problems (e.g., designing an object or 
structure to satisfy physical constraints or 
minimize cost; working with typographic grid 
systems based on ratios).

MATERIALS NEEDED:

❏ Lots of old newspaper
❏ Colored masking tape
❏ ⅛” dowels

DIRECTIONS:
1. Lay your newspaper on the table.

2. Place a wooden dowel at on corner of a 
sheet and roll two pages tightly around the 
dowel. Wrap the papers all the way to the 
end. Be sure to keep it tight to maintain 
strength.

3. Use masking tape to fasten the newspaper 
strut closed.

4. Repeat this step until you have a total 65 
newspaper struts.

5. Use a yardstick to measure the struts, trim 
35 struts to 28 inches each, and 30 struts 
to 26 inches each.

6. Take three of your long struts and tape 
them into the shape of a triangle.

7. Repeat this step and make a total of 5 
triangles.

Geodesic domes are structures that are built based on the shape of geodesic polyhedrons.  The triangular 
shape of the frame gives it extraordinary strength, allowing it to withstand heavy weights. The first geodesic 
domes were built in Germany after World War I by the Carl Zeiss optics company.  The name “geodesic” was 
first coined by R. Buckminster Fuller in 1948, who brought the idea to America and patented it. Fuller was 
taken by the simplicity and beauty of the design. With newspaper and wooden dowels, let's make a geodesic 
dome and see just how strong these structures really are.

8. Make another 5 triangles using a long 
strut for the bottom and shorts struts for 
both sides.

9. Make the base of your dome by laying a 
large triangle, then a short triangle, and 
repeating this all the way around the 
base, making a circle.  The tips of the 
triangles should be facing the middle.

10. Connect the top points of the triangles to 
each other with short struts.

11. Use short struts to stick straight up from 
the top point of the short triangles. Then 
connect these loose ends to long struts, 
attaching to the tops of the triangles on 
the left and right.

12. Repeat these steps all the way around the 
dome.

13. For the cap of the dome, make a 
pentagon by strapping 5 long struts 
together.

14. Tape a short strut to each connecting 
joint on the pentagon.

15. Fit the pentagon to the top of your dome.  
Secure all your joints with lots of tape, 
you’re done!

.
OBJECTIVE:
Students will be able to analyze, design, and 
evaluate various home structures based on 
various criterias and constraints.

ESSENTIAL QUESTIONS:

● What are the most important factors in 
constructing a building?

● How might we maximize our design 
based on our constraints?

● How does building design have a larger 
impact on the community/ world?

LEVEL 1 FUN FACTS
A. The Millennium Dome is one of 

the largest dome-shaped 
building in the world. In 2000, it 
was renamed O2. 

B. Try this simple experiment: Cut 
a ping-pong ball in half to form 
a dome, you will notice that 
each half is floppy and distorts 
easily. Now glue one half to a 
flat piece of cardboard and see 
how much stronger it becomes.

C. Domes have distinct auditory 
qualities. Whispers can be 
heard from across the room.
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PHOTOGRAMS
HIGH SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
HS-PS4-5. Communicate technical information 
about how some technological devices use the 
principles of wave behavior and wave interactions 
with matter to transmit and capture information 
and energy.* 

COMMON CORE CONNECTION: 
ELA/Literacy 

WHST.9-12.2 Write informative/explanatory texts, 
including the narration of historical events, 
scientific procedures/ experiments, or technical 
processes.

DOK: 
Level 3: Strategic Thinking 
Level 4:  Extended Thinking

MATERIALS NEEDED:
❏ Black & white photo paper
❏ Cardboard box
❏ Digital darkroom
❏ Translucent and opaque objects

DIRECTIONS:

1. Make a light-sealed box for your developing 
paper. You want your paper facing up with 
a removable cover.

2. Take your box outside in direct sun, without 
trees nearby that could cast shade.

3. Open the box and put your objects on the 
photo sheet. Objects that are solid will cast 
a silhouette and transparent objects let 
light through and will have a more shadowy 
effect.

4. Leave the photogram developing for 30-60 
minutes and then close the box.

5. Take your photogram into the digital 
darkroom and scan the image into your 
computer.

6. Load the photo into your photo editing 
software, or download an open source 
photo editor like Gimp. Invert the photo. 
This will give you a positive image based 
on the negative exposure on the photo 
sheet.

A photogram is a photographic image made without the use of a traditional camera. Photo 
developing paper is made using silver bromide crystals, which are sensitive to light. Typically, this 
paper is used to develop from a film negative to positive image.  However, enlarging machines are 
expensive, and the chemicals used can be dangerous. So, let’s make some photograms instead. To 
make these we will be using textured objects laid on photo paper in direct sunlight. This will 
develop negative images to the page, silhouetting the shape, or creating ghostly images.  This 
project is best done after building a digital darkroom.

OBJECTIVE:
Students will be able to explore various 
technological achievements in 
photography/videography to communicate 
technical information on how they use wave 
behavior to work.

ESSENTIAL QUESTIONS:
● How do cameras work?
● What is the difference between a film 

and digital camera?

LEVEL 1 FUN FACTS
A. Believe it or not, the human 

body spontaneously generates 
light! We can't see it with our 
naked eye, but we rhythmically 
emit ultra-weak photons as we 
metabolize energy, particularly 
in our cheeks.

B. William Henry Fox Talbot 
invented the photogram 
process in the mid 1800s.
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ELABORATE:
1. Task students with designing and constructing a scaled model of a building for an upcoming Two Bit 

Circus Foundation event
2. Students will also put on a design brief to compete for the contract - the winning team will earn a 

bonus for their project acceptance (extra credit)
a. Creative marketing presentation of their design
b. Students goal is to sell their design as the best under the given criteria and constraints.

3. Present students with the given criteria and constraints
a. Criteria

i. Must be able to be assembled and disassembled efficiently
ii. Must withstand earthquakes (7.0 or greater)

1. Simulations may be used to demonstrate its effectiveness
iii. Must withstand strong winds (hurricane)

1. Simulations may be used to demonstrate its effectiveness
iv. Must be reliable and environmentally friendly

1. Type of material
2. Amount of material
3. Need to be replaced/repaired

b. Constraints
i. Must use materials from Two Bit Circus Foundation in your model
ii. Low cost (teacher may set up a price point and price materials)

EVALUATE:
1. Students design presentations
2. Identification of the problem
3. Model and its meeting of the criteria and constraints
4. Overall engineering design process

ENGAGE / EXPLORE:
1. Have students perform a Google images search of geodesic domes and tetrahedron buildings
2. Students take note on the various geodesic dome and tetrahedron buildings

a. Type of building/structure
i. House
ii. Greenhouse
iii. Business structure
iv. Play equipment
v. Temporary housing etc.

b. Approximate age of building
c. Visible materials used
d. Architectural shapes

3. Ask students why do they think that a geodesic dome is becoming a popular construction design 
from traditional structures?

4. Ask students why do they think that a tetrahedral or tetrahedron fractal is a popular construction 
design from traditional structures

5. Evaluate informally the student responses and observations
6. Have students construct a geodesic dome, tetrahedron fractal, and a conventional framed building 

model using similar materials
a. Models should be scaled-down models of full- size structures of comparable square footage.

7. Students may need to do additional research on conventional building structure requirements
a. 16” on center for conventional framing
b. Traditional roofing angles and joist placement

8. Students should make a compare and contrast of the buildings and their geometric shapes used 
during construction

9. Evaluate
a. Use of engineering cycle in the construction of their projects
b. Iterations and changes from evidence

EXPLAIN:
1. Students research and discuss the various shapes in each building configuration

a. Where does each structure get its strength from?
b. What geometric shapes tend to bear higher loads better?

i. Triangles and circles tend to be the most efficient.
2. Students can browse internet, library for simple books on civil engineering and design
3. Evaluate

a. Students respond to questions based on research and evidence
b. Synthesis of information from a variety of trusted sources
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EXPLORE:
1. Students conduct research to see how both digital and film cameras work

a. Construct a compare/contrast using words pictures and arrows of the two camera systems
b. Explain the evolution of the field of photography from photograms to digital cameras.

2. Provide several videos to help students in their comprehension of how cameras work
a. How a DSLR works
b. How a digital camera works
c. How does a photon become a photo

3. Videos on the history of photography and its relationship to light theory
a. Cosmos: A Spacetime Odyssey 

i. Episode 4 “A Sky Full of Ghosts”
ii. Episode 5 “Hiding in the Light”

4. Evaluate
a. Students’ synthesis and communication of technical information.

ELABORATE:
1.  Allow students to select their project to communicate the technical way in which it uses waves to 

transmit and capture information. *these instructions may be given to students or withheld and given 
as a full engineering project*

a. Smartphone projector (project video or images using their phone)
i. Smartphone projector

b. Pinhole camera (take their own images on photo paper)
i. Pinhole camera instructions

2. Students should be allowed to design and make their projects unique
3. Allow students to keep their projects when they are complete
4. Evaluate

a. Project is in working order
i. Demonstrate functionality
ii. Explain its basic components

b. Students use technical language and drawings to communicate how their project uses wave 
principles to transmit and store information.

ENGAGE:
1. Pose a question to students

a. How does your phone’s camera take pictures and video for snapchat and instagram
b. Encourage students to look deeper than “you push the button”

2. Notify students that this series of lessons is all about exploring various technological advancements 
to understand how their cameras take video and photos.

EXPLAIN:
1. Provide students with scrap photo paper (do not give them good paper yet as the paper is light 

sensitive)
a. Ask students to look over the paper and record observations about the paper
b. Make a prediction of how this paper may be used to produce images(pictures)

2. Allow students to explore ideas in small groups on how they can make images with things in their 
backpack and the paper

a. They may not use their cellphones, camera etc. (the idea is to get them to make photograms)
b. Teacher should use facilitating questions to get students to the idea of photograms.

i. “When you take a picture what is needed?”
ii. “What happens if you take a picture in the dark?”
iii. “What does the paper do when exposed to light?”

3. Have students produce photograms
4. Have students use their photograms to provide a technical explanation on how the photo paper 

works
a. The paper is sensitive to light, allowing a reaction to occur when exposed to light
b. This allows us to capture and preserve observed matter using light.

5. Have students construct a simple pinhole viewer
a. Cereal box pinhole viewer
b. Ask students to use their viewer to record observations on what they see when looking 

through the hole
i. They can watch a video or if, during a solar eclipse, it can be used to look at the 

eclipse. 
ii. They may experiment with the side hole and what effect it has on their image. 

(smaller hole = sharper image)
c. From their observation,s students communicate about the pinhole viewer

i. Image is sharper with small diameter hole
ii. Image is inverted (upside down)
iii. Technical explanation on how they think the viewer works. 
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ELECTROMAGNETISM
HIGH SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION: 
HS-PS2-3. Ask questions to determine cause 
and effect relationships of electric or magnetic 
interactions between two objects not in contact 
with each other. 
HS-PS2-5. Plan and conduct an investigation to 
provide evidence that an electric current can 
produce a magnetic field and that a changing 
magnetic field can produce an electric current. 

COMMON CORE CONNECTION: 
ELA/Literacy 

RI.3.1 Ask and answer questions to demonstrate 
understanding of a text, referring explicitly to the 
text as the basis for the answers.

RI.3.3 Describe the relationship between a series 
of historical events, scientific ideas or concepts, 
or steps in technical procedures in a text, using 
language that pertains to time, sequence, and 
cause/effect. 

RI.3.8 Describe the logical connection between 
particular sentences and paragraphs in a text 
(e.g., comparison, cause/effect, 
first/second/third in a sequence). 

SL.3.3 Ask and answer questions about 
information from a speaker, offering appropriate 
elaboration and detail. 

WHST.11-12.7 Conduct short as well as more 
sustained research projects to answer a question 
(including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when 
appropriate; synthesize multiple sources on the 
subject, demonstrating understanding of the 
subject under investigation. 

WHST.11-12.8 Gather relevant information from 
multiple authoritative print and digital sources, 
using advanced searches effectively; assess the 
strengths and limitations of each source in terms 
of the specific task, purpose, and audience; 
integrate information into the text selectively to 
maintain the flow of ideas, avoiding plagiarism and 
over reliance on any one source and following a 
standard format for citation. 

WHST.11-12.9 Draw evidence from informational 
texts to support analysis, reflection, and research. 
Mathematics 

HSN.Q.A.1 Use units as a way to understand 
problems and to guide the solution of multi-step 
problems; choose and interpret units consistently 
in formulas; choose and interpret the scale and the 
origin in graphs and data displays. 

HSN.Q.A.2 Define appropriate quantities for the 
purpose of descriptive modeling. 

HSN.Q.A.3 Choose a level of accuracy appropriate 
to limitations on measurement when reporting 
quantities. 

Electromagnetism is a branch of physics that studies the physical interaction occurring between electrically 
charged molecules.  In this project we will design and build our own magnets, using the charge from a 6-volt 
battery and a copper wire.  By tightly wrapping the wire around a nail, we can harness the current from the 
battery and create a magnetic field.  We can then use our magnet to pick up paperclips and other 
ferromagnetic objects.  

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ Large metal nail
❏ 6 volt battery
❏ 5’ of insulated copper wire
❏ Paperclips

DIRECTIONS:
1. Wrap insulated copper wire in a tight coil 

around a metal nail. Continue wrapping 
until 3” of the nail are covered by wire.

2. Peel the insulation off both ends of the 
wire. Expose half an inch.

3. Hook the wire ends up to the positive and 
negative terminals of the battery.  
(disconnect when not in use; use for only 
short intervals, 10 seconds or so)

4. Pass the nail over the paperclips to pick 
them up. The current from the battery 
passing through the wire creates a 
magnetic field around the metal nail.  
This magnetic field is strong enough to 
pick up most lightweight metal objects.  
With more power, and a larger coil, you 
can build an even stronger magnet.

OBJECTIVE:
Students will be able to ask questions about the 
magnetic phenomena and what strengthens and 
weakens magnetic effects.

ESSENTIAL QUESTIONS:
● What is magnetism and how does it 

work?
● How is electricity and magnetism related?
● How might we use this electromagnetic 

phenomena to our advantage?

LEVEL 1 FUN FACTS
A. Electromagnets are used in 

everything from ticket 
machines and telephones to 
loudspeakers.

B. Radio waves are made from 
waves that are too long for 
human eyes to see.

C. The longest waves are over 100 
kilometers long. The shortest 
are less than a billionth of a 
millimeter long.
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GEODESIC DOME
HIGH SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION:
HS-ETS1-1. Analyze a major global challenge to 
specify qualitative and quantitative criteria and 
constraints for solutions that account for 
societal needs and wants. 
HS-ETS1-2. Design a solution to a complex 
real-world problem by breaking it down into 
smaller, more manageable problems that can be 
solved through engineering. 
HS-ETS1-3. Evaluate a solution to a complex 
real-world problem based on prioritized criteria 
and trade-offs that account for a range of 
constraints, including cost, safety, reliability, and 
aesthetics as well as possible social, cultural, 
and environmental impacts.

COMMON CORE CONNECTION: 

HSG.MG.A.1 Use geometric shapes, their 
measures, and their properties to describe 
objects (e.g., modeling a tree trunk or a human 
torso as a cylinder). 

HSG.MG.A.3 Apply geometric methods to solve 
design problems (e.g., designing an object or 
structure to satisfy physical constraints or 
minimize cost; working with typographic grid 
systems based on ratios).

MATERIALS NEEDED:

❏ Lots of old newspaper
❏ Colored masking tape
❏ ⅛” dowels

DIRECTIONS:
1. Lay your newspaper on the table.

2. Place a wooden dowel at on corner of a 
sheet and roll two pages tightly around the 
dowel. Wrap the papers all the way to the 
end. Be sure to keep it tight to maintain 
strength.

3. Use masking tape to fasten the newspaper 
strut closed.

4. Repeat this step until you have a total 65 
newspaper struts.

5. Use a yardstick to measure the struts, trim 
35 struts to 28 inches each, and 30 struts 
to 26 inches each.

6. Take three of your long struts and tape 
them into the shape of a triangle.

7. Repeat this step and make a total of 5 
triangles.

Geodesic domes are structures that are built based on the shape of geodesic polyhedrons.  The triangular 
shape of the frame gives it extraordinary strength, allowing it to withstand heavy weights. The first geodesic 
domes were built in Germany after World War I by the Carl Zeiss optics company.  The name “geodesic” was 
first coined by R. Buckminster Fuller in 1948, who brought the idea to America and patented it. Fuller was 
taken by the simplicity and beauty of the design. With newspaper and wooden dowels, let's make a geodesic 
dome and see just how strong these structures really are.

8. Make another 5 triangles using a long 
strut for the bottom and shorts struts for 
both sides.

9. Make the base of your dome by laying a 
large triangle, then a short triangle, and 
repeating this all the way around the 
base, making a circle.  The tips of the 
triangles should be facing the middle.

10. Connect the top points of the triangles to 
each other with short struts.

11. Use short struts to stick straight up from 
the top point of the short triangles. Then 
connect these loose ends to long struts, 
attaching to the tops of the triangles on 
the left and right.

12. Repeat these steps all the way around the 
dome.

13. For the cap of the dome, make a 
pentagon by strapping 5 long struts 
together.

14. Tape a short strut to each connecting 
joint on the pentagon.

15. Fit the pentagon to the top of your dome.  
Secure all your joints with lots of tape, 
you’re done!

.
OBJECTIVE:
Students will be able to analyze, design, and 
evaluate various home structures based on 
various criterias and constraints.

ESSENTIAL QUESTIONS:

● What are the most important factors in 
constructing a building?

● How might we maximize our design 
based on our constraints?

● How does building design have a larger 
impact on the community/ world?

LEVEL 1 FUN FACTS
A. The Millennium Dome is one of 

the largest dome-shaped 
building in the world. In 2000, it 
was renamed O2. 

B. Try this simple experiment: Cut 
a ping-pong ball in half to form 
a dome, you will notice that 
each half is floppy and distorts 
easily. Now glue one half to a 
flat piece of cardboard and see 
how much stronger it becomes.

C. Domes have distinct auditory 
qualities. Whispers can be 
heard from across the room.
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ELABORATE:
1. Students design and construct an electric motor
2. Students design a simple test to see how the motor can use electricity to produce a magnetic field

a. By attaching a battery an electric current in the motor is produced which gives forth to a 
magnetic field in the copper coil that begins to spin because of its location in between 
permanent magnets

3. Students design a simple test to see how the motor can use magnetism to generate electricity
a. By attaching an LED to the motor terminals, students can quickly twist the drive shaft of the 

motor and make the LED light up. By moving the coil quickly while in the presence of a 
magnetic field, they induce a temporary charge flow in the coil, producing electricity. The 
faster they spin the shaft, the greater the charge flow and the brighter the LED

4. This is how we generate electricity for our cities—using larger machines that use some force (steam, 
water, wind, fossil fuels) to move turbines

EVALUATE:
1. Students perform the headphone project

ENGAGE:
1. Provide students with an opportunity to play with and experience magnetism
2. Set up various magnetism stations around the classroom

a. Two bar magnets
b. Bar magnet and a compass
c. Bar magnet, paper and iron filings
d. Bar magnet and aluminum can
e. Bar magnet and a series of magnetic and nonmagnetic objects

3. Ask students to circulate to the various stations
a. Draw pictures and record observations at each station
b. Generate questions about each exercise
c. Teacher asks facilitating questions as they circulate the classroom

i. What happens to the compass when the magnet is close by?  Does the distance you 
are away effect the compass movement?

ii. Can you generate any patterns in the iron filings?

EXPLORE:
1. Set up additional stations (or do them together with the Engage portion)

a. Nail, copper wire, AA battery, paper clips
b. Bar magnet, coil, LED or multimeter attached to coil

2. Have students circulate to each station or provide 1 per group
a. make observations and play with each setup
b. Generate questions about the experiment
c. Devise a cause and effect relationship in each setup

EXPLAIN:
1. Provide an opportunity for students to use PhET simulations

a. Magnets and Electromagnets
b. Magnet and compass
c. Faraday's Electromagnetic lab
d. Generator
e. Ask students to make observations as they use the simulations
f. Draw and explain a cause and effect relationship.

2. Together with students construct cause and effect relationships from their experimentation and 
observations

a. Magnets’ north and south poles
i. Opposite poles attract
ii. Earth as a giant magnet
iii. Magnets: How do they work?

b. Magnetic field and field lines
i. Have students practice drawing out magnetic fields using magnetic field lines
ii. Dissipating magnetic-field force with distance
iii. What causes the northern lights?

c. Relationship between electric currents—magnetism and magnetism-electric currents
i. Electric generation
ii. Motors
iii. World's first generator
iv. Electromagnetic induction

d. Cosmos:  A Spacetime Odyssey S1E10 “Electric Boy”
i. Have students watch the video to learn about Michael Faraday and his discovery of 

electromagnetic induction. 156
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ELABORATE:
1. Task students with designing and constructing a scaled model of a building for an upcoming Two Bit 

Circus Foundation event
2. Students will also put on a design brief to compete for the contract - the winning team will earn a 

bonus for their project acceptance (extra credit)
a. Creative marketing presentation of their design
b. Students goal is to sell their design as the best under the given criteria and constraints.

3. Present students with the given criteria and constraints
a. Criteria

i. Must be able to be assembled and disassembled efficiently
ii. Must withstand earthquakes (7.0 or greater)

1. Simulations may be used to demonstrate its effectiveness
iii. Must withstand strong winds (hurricane)

1. Simulations may be used to demonstrate its effectiveness
iv. Must be reliable and environmentally friendly

1. Type of material
2. Amount of material
3. Need to be replaced/repaired

b. Constraints
i. Must use materials from Two Bit Circus Foundation in your model
ii. Low cost (teacher may set up a price point and price materials)

EVALUATE:
1. Students design presentations
2. Identification of the problem
3. Model and its meeting of the criteria and constraints
4. Overall engineering design process

ENGAGE / EXPLORE:
1. Have students perform a Google images search of geodesic domes and tetrahedron buildings
2. Students take note on the various geodesic dome and tetrahedron buildings

a. Type of building/structure
i. House
ii. Greenhouse
iii. Business structure
iv. Play equipment
v. Temporary housing etc.

b. Approximate age of building
c. Visible materials used
d. Architectural shapes

3. Ask students why do they think that a geodesic dome is becoming a popular construction design 
from traditional structures?

4. Ask students why do they think that a tetrahedral or tetrahedron fractal is a popular construction 
design from traditional structures

5. Evaluate informally the student responses and observations
6. Have students construct a geodesic dome, tetrahedron fractal, and a conventional framed building 

model using similar materials
a. Models should be scaled-down models of full- size structures of comparable square footage.

7. Students may need to do additional research on conventional building structure requirements
a. 16” on center for conventional framing
b. Traditional roofing angles and joist placement

8. Students should make a compare and contrast of the buildings and their geometric shapes used 
during construction

9. Evaluate
a. Use of engineering cycle in the construction of their projects
b. Iterations and changes from evidence

EXPLAIN:
1. Students research and discuss the various shapes in each building configuration

a. Where does each structure get its strength from?
b. What geometric shapes tend to bear higher loads better?

i. Triangles and circles tend to be the most efficient.
2. Students can browse internet, library for simple books on civil engineering and design
3. Evaluate

a. Students respond to questions based on research and evidence
b. Synthesis of information from a variety of trusted sources
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ELECTROMAGNETISM
HIGH SCHOOL 

EDUCATIONAL STANDARDS:
NGSS CONNECTION: 
HS-PS2-3. Ask questions to determine cause 
and effect relationships of electric or magnetic 
interactions between two objects not in contact 
with each other. 
HS-PS2-5. Plan and conduct an investigation to 
provide evidence that an electric current can 
produce a magnetic field and that a changing 
magnetic field can produce an electric current. 

COMMON CORE CONNECTION: 
ELA/Literacy 

RI.3.1 Ask and answer questions to demonstrate 
understanding of a text, referring explicitly to the 
text as the basis for the answers.

RI.3.3 Describe the relationship between a series 
of historical events, scientific ideas or concepts, 
or steps in technical procedures in a text, using 
language that pertains to time, sequence, and 
cause/effect. 

RI.3.8 Describe the logical connection between 
particular sentences and paragraphs in a text 
(e.g., comparison, cause/effect, 
first/second/third in a sequence). 

SL.3.3 Ask and answer questions about 
information from a speaker, offering appropriate 
elaboration and detail. 

WHST.11-12.7 Conduct short as well as more 
sustained research projects to answer a question 
(including a self-generated question) or solve a 
problem; narrow or broaden the inquiry when 
appropriate; synthesize multiple sources on the 
subject, demonstrating understanding of the 
subject under investigation. 

WHST.11-12.8 Gather relevant information from 
multiple authoritative print and digital sources, 
using advanced searches effectively; assess the 
strengths and limitations of each source in terms 
of the specific task, purpose, and audience; 
integrate information into the text selectively to 
maintain the flow of ideas, avoiding plagiarism and 
over reliance on any one source and following a 
standard format for citation. 

WHST.11-12.9 Draw evidence from informational 
texts to support analysis, reflection, and research. 
Mathematics 

HSN.Q.A.1 Use units as a way to understand 
problems and to guide the solution of multi-step 
problems; choose and interpret units consistently 
in formulas; choose and interpret the scale and the 
origin in graphs and data displays. 

HSN.Q.A.2 Define appropriate quantities for the 
purpose of descriptive modeling. 

HSN.Q.A.3 Choose a level of accuracy appropriate 
to limitations on measurement when reporting 
quantities. 

Electromagnetism is a branch of physics that studies the physical interaction occurring between electrically 
charged molecules.  In this project we will design and build our own magnets, using the charge from a 6-volt 
battery and a copper wire.  By tightly wrapping the wire around a nail, we can harness the current from the 
battery and create a magnetic field.  We can then use our magnet to pick up paperclips and other 
ferromagnetic objects.  

DOK: 
Level 3: Strategic Thinking 
Level 4: Extended Thinking

MATERIALS NEEDED:

❏ Large metal nail
❏ 6 volt battery
❏ 5’ of insulated copper wire
❏ Paperclips

DIRECTIONS:
1. Wrap insulated copper wire in a tight coil 

around a metal nail. Continue wrapping 
until 3” of the nail are covered by wire.

2. Peel the insulation off both ends of the 
wire. Expose half an inch.

3. Hook the wire ends up to the positive and 
negative terminals of the battery.  
(disconnect when not in use; use for only 
short intervals, 10 seconds or so)

4. Pass the nail over the paperclips to pick 
them up. The current from the battery 
passing through the wire creates a 
magnetic field around the metal nail.  
This magnetic field is strong enough to 
pick up most lightweight metal objects.  
With more power, and a larger coil, you 
can build an even stronger magnet.

OBJECTIVE:
Students will be able to ask questions about the 
magnetic phenomena and what strengthens and 
weakens magnetic effects.

ESSENTIAL QUESTIONS:
● What is magnetism and how does it 

work?
● How is electricity and magnetism related?
● How might we use this electromagnetic 

phenomena to our advantage?

LEVEL 1 FUN FACTS
A. Electromagnets are used in 

everything from ticket 
machines and telephones to 
loudspeakers.

B. Radio waves are made from 
waves that are too long for 
human eyes to see.

C. The longest waves are over 100 
kilometers long. The shortest 
are less than a billionth of a 
millimeter long.
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ELABORATE:
1. Students design and construct an electric motor
2. Students design a simple test to see how the motor can use electricity to produce a magnetic field

a. By attaching a battery an electric current in the motor is produced which gives forth to a 
magnetic field in the copper coil that begins to spin because of its location in between 
permanent magnets

3. Students design a simple test to see how the motor can use magnetism to generate electricity
a. By attaching an LED to the motor terminals, students can quickly twist the drive shaft of the 

motor and make the LED light up. By moving the coil quickly while in the presence of a 
magnetic field, they induce a temporary charge flow in the coil, producing electricity. The 
faster they spin the shaft, the greater the charge flow and the brighter the LED

4. This is how we generate electricity for our cities—using larger machines that use some force (steam, 
water, wind, fossil fuels) to move turbines

EVALUATE:
1. Students perform the headphone project

ENGAGE:
1. Provide students with an opportunity to play with and experience magnetism
2. Set up various magnetism stations around the classroom

a. Two bar magnets
b. Bar magnet and a compass
c. Bar magnet, paper and iron filings
d. Bar magnet and aluminum can
e. Bar magnet and a series of magnetic and nonmagnetic objects

3. Ask students to circulate to the various stations
a. Draw pictures and record observations at each station
b. Generate questions about each exercise
c. Teacher asks facilitating questions as they circulate the classroom

i. What happens to the compass when the magnet is close by?  Does the distance you 
are away effect the compass movement?

ii. Can you generate any patterns in the iron filings?

EXPLORE:
1. Set up additional stations (or do them together with the Engage portion)

a. Nail, copper wire, AA battery, paper clips
b. Bar magnet, coil, LED or multimeter attached to coil

2. Have students circulate to each station or provide 1 per group
a. make observations and play with each setup
b. Generate questions about the experiment
c. Devise a cause and effect relationship in each setup

EXPLAIN:
1. Provide an opportunity for students to use PhET simulations

a. Magnets and Electromagnets
b. Magnet and compass
c. Faraday's Electromagnetic lab
d. Generator
e. Ask students to make observations as they use the simulations
f. Draw and explain a cause and effect relationship.

2. Together with students construct cause and effect relationships from their experimentation and 
observations

a. Magnets’ north and south poles
i. Opposite poles attract
ii. Earth as a giant magnet
iii. Magnets: How do they work?

b. Magnetic field and field lines
i. Have students practice drawing out magnetic fields using magnetic field lines
ii. Dissipating magnetic-field force with distance
iii. What causes the northern lights?

c. Relationship between electric currents—magnetism and magnetism-electric currents
i. Electric generation
ii. Motors
iii. World's first generator
iv. Electromagnetic induction

d. Cosmos:  A Spacetime Odyssey S1E10 “Electric Boy”
i. Have students watch the video to learn about Michael Faraday and his discovery of 

electromagnetic induction. 156
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ADDITIONAL 
PROJECT RESOURCES
WEBSITES, BOOKS, ETC.
Provided are additional project resources to 
further supplement project-based learning. It is 
our hopes that educators and students 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

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

i. http://imagination.org/
b. LA Makerspace

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

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

i. https://tinkering.exploratorium.edu/projects
d. Curiosity Machine

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

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

i. https://www.instructables.com/
f. eHow:  

DIY resource website-models and miniatures specifically has STEAM Carnival relevant activities. 
i. https://www.ehow.com/crafts/models-miniatures/

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

i. https://www.thingiverse.com/explore/popular
h. Github: 

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

i. https://github.com/

BOOKS

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

b. “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.
c. “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 progrect across a broad range of age levels
d. “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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