NGSS MIDDLE SCHOOL ACTIVITIES
Absolutely! Here’s a creative, hands-on activity using a Ukulele Kit aligned with NGSS Middle School Physical Science standards, focusing on energy transfer, forces, and motion through the science of sound, vibrations, and measurement.

🎶⚡ "Strum & STEM: The Science of Sound & Strings!"
Name: __________________________  Date: _______________
Class: __________________________  Partner(s): __________________________

🎯 Your Mission:
You’re a sound engineer and instrument designer! Today, you'll investigate how vibrations, string tension, and energy transfer affect the sound your ukulele produces. Using measurement tools, you'll collect data and discover the science behind each strum.

📍 Station 1: Build & Tune It
NGSS: MS-PS2-3 – Forces and Motion
Goal:
You are now a musical engineer! Your job is to investigate how the tightness (tension) of strings changes the sound (pitch) a ukulele makes. You'll observe how physics and music work together — just like scientists designing real instruments.

🛠️ Materials:
· Ukulele (pre-assembled or kit-based)
· Tuning app or digital tuner
· Rubber bands (as string alternatives for exploration)
· Ruler or tape measure
· Optional: tension scale or spring scale

Student Directions:
STEP 1: Check Your Ukulele:
· If using a kit, follow the instructions to assemble the ukulele body and attach the strings.
· If it's already assembled, gently press on each string and make sure it’s not too tight or loose to start.
STEP 2: Test the Strings One by One:
· Use a tuner app (on a phone or tablet) or a digital tuner to play and check the pitch (how high or low the sound is) of each string.
· Record the string number, how tight it feels (loose/medium/tight), and the pitch it makes.
STEP 3: Adjust & Observe:
· Gently tighten one string and check how the pitch changes.
· Then loosen it and check again.
· Measure how long the string is from the bridge to the tuning peg using a ruler or tape measure.
STEP 4: (Optional Challenge):
· Use a rubber band stretched between two pencils or sticks to model string tension. Try plucking it at different tightness levels. What happens to the pitch?
· If available, use a spring scale to measure the tension (pulling force) of a string.

📊 String Test Data Table:
	String #
	    Tightness (loose/medium/tight)
	Pitch (High/Low)
	Observations (What changed?)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	







💬 Science Reflection Prompts:
1. What happens to the pitch when the string gets tighter?
→ _________________________________________________________________________
2. Why do you think this happens? (Hint: Think about how energy and waves behave.)
→ _________________________________________________________________________
→ _________________________________________________________________________
3. How do you think this concept relates to building a working speaker or sound device?
→ _________________________________________________________________________

📍 Station 2: Energy in Every Pluck
NGSS: MS-PS3-1 – Energy Transfer
Goal:
You are now an energy scientist! Your goal is to figure out how changing the amount of energy (by pulling a string further) changes the vibration time and the sound you hear. Get ready to test, time, and graph like a pro!
🛠️ Materials:
· Ruler
· Stopwatch or phone timer
· Graph paper or pre-made chart
· String (or rubber band) stretched across two objects
Student Directions:
STEP 1: Set Up Your String:
· Stretch a rubber band or string between two objects like chair legs, a box, or two pencils taped down.
· Make sure the string is tight enough to vibrate when plucked.
STEP 2: Test Pull Distances:
· Pull the string back 1 cm, then release it and start your timer.
· Stop the timer as soon as you can no longer hear or see it vibrating.
· Repeat this for 2 cm and 3 cm pull distances.

STEP 3: Record Your Data:
· Use the chart to write down the vibration time and any energy observations (like how loud or strong the sound was).
STEP 4: Graph It:
· On graph paper (or the one provided), make a bar graph or line graph.
· X-axis = Pull Distance (cm)
· Y-axis = Vibration Time (sec)
Energy Transfer Chart:
	Pull Distance (cm)
	       Vibration Time (sec)
	        Energy Observed (sound/loudness?)

	1 cm
	
	

	2 cm
	
	

	3 cm
	
	


Science Reflection Prompts:
1. What pattern do you notice between how far you pull and how long it vibrates?
→ __________________________________________________________________________
2. What does this tell you about the amount of energy being transferred?
→ __________________________________________________________________________
3. How does this connect to how musical instruments create sound?
→ __________________________________________________________________________
Sketch Your Graph Here:
(If you're using the printable version, draw your graph below. If not, use a separate piece of graph paper.)
📈 Pull Distance vs. Vibration Time
[Space for student bar or line graph]




📍 Station 3: Sound Transfer Challenge!
NGSS: MS-PS3-5 – Motion & Energy Transfer
Goal:
Become a sound scientist! Your goal is to discover how sound energy moves from one object to another — and how changing the strum strength affects that energy transfer.
🛠️ Materials:
· Ukulele
· Cardboard box or desk surface
· Paper or light objects
· Phone with decibel meter app (optional)
Student Directions:
STEP 1:  Set up your ukulele on a desk, box, or table. Place a small paper or light object (like a tissue or sticky note) on the surface next to it.
STEP 2: Strum softly.
· Gently strum the ukulele.
· Watch the paper — does it move?
· Feel the surface — do you notice vibrations?
· Use a decibel meter app (if available) to measure how loud the sound is.
STEP[ 3: Strum with medium strength.
· Observe again: any change in how the paper moves or how strong the vibrations feel?
· Measure the sound level if possible.
STEP 4: Strum with strong force.
· Repeat your observations.



STEP 5: Fill out your chart with your results.
Sound Energy Observation Chart:
	Strum Strength
	Did Paper Move?
	Could You Feel Vibrations?
	Volume (dB, optional)

	Soft
	☐ Yes ☐ No
	☐ Yes ☐ No
	

	Medium
	☐ Yes ☐ No
	☐ Yes ☐ No
	

	Hard
	☐ Yes ☐ No
	☐ Yes ☐ No
	



 Reflection Prompts:
1. What happens when you increase the strum strength?
→ ___________________________________________________________
2. What does this tell you about how sound carries energy?
→ ___________________________________________________________
3. How does this experiment show energy moving from one place to another?
→ ___________________________________________________________


💡 Wrap-Up Reflection
🎵 What surprised you most about how energy and motion affect sound?
→ ___________________________________________________
🔍 How could you improve the ukulele to make the sound louder or last longer?
→ ___________________________________________________
🧠 In your own words, how is playing a ukulele a science experiment?
→ ___________________________________________________





NGSS HIGH SCHOOL ACTIVITIES
Here’s a creative, hands-on High School Physical Science activity using a Ukulele Kit that aligns with NGSS standards HS-PS1-2, HS-PS2-4, HS-PS3-3, and HS-PS3-5. This activity combines materials science, physics, and energy systems through musical engineering.

🎶⚛️ Ukulele Lab: Physics in Every Strum
Name: __________________________  Date: _______________
Class: __________________________  Partner(s): __________________________

🎯 Your Engineering Challenge:
You're designing and analyzing a scientific musical instrument—a ukulele! In this lab, you’ll explore how forces, energy transfer, and materials science influence the sound, structure, and function of your instrument. You’ll test and revise your model using real data—just like a physicist or acoustical engineer!

📍 Station 1: Material Matters
NGSS: HS-PS1-2 – Matter and Its Interactions
Goal:
Test how different parts of a ukulele react to heat. You’ll measure, warm it up, and see how the material changes. This helps engineers pick the right materials for musical instruments!
🛠️ Materials:
· Ukulele body (wood, plastic, or composite options if available)
· Tuning forks or metal spoons (for comparison)
· Infrared thermometer or hand thermometer
· Heat source (lamp or sunlit window)
· Ruler or caliper


Student Directions:
STEP 1: Examine the ukulele.
· Use a ruler or caliper to measure the length of the neck and one string (pick a specific string and mark where you start and end your measurement).
· Write down your measurements in the chart below.
STEP 2: Record the starting temperature (optional):
· Use a hand thermometer or infrared thermometer to take the temperature of the neck or string if available.
STEP 3: Gently warm the ukulele.
· Place it under a lamp or in sunlight for about 5 minutes.
· Don’t place it too close—just enough to warm it safely.
· Do not touch any hot metal directly.
STEP 4: After 5 minutes, re-measure the neck and string.
· Use the same measurement points.
· Record the new lengths and any changes.
STEP 5: Compare materials using a tuning fork or metal spoon:
· Lightly strike it and observe how metal behaves under similar conditions.
· Think about how this compares to the wood or plastic used in the ukulele.
Thermal Expansion Data Table:
	Part Measured
	Length Before Heating (cm)
	Length After Heating (cm)
	Change in Length (cm)

	Neck
	
	
	

	String
	
	
	











💬 Analyze & Reflect:
1. What does the change in length tell you about how the material responds to heat?
→ ___________________________________________________________
2. Why might thermal expansion matter for musical instruments?
→ ___________________________________________________________
3. If a ukulele string stretches in heat, what might happen to the sound or pitch?
→ ___________________________________________________________
4. Which materials (wood, metal, plastic) expanded the most? Why do you think that is?
→ ___________________________________________________________

📍 Station 2: Newton Rocks the Ukulele
NGSS: HS-PS2-4 – Forces and Motion
🛠️ Materials:
· Ukulele
· Spring scale
· Mass set or water bottles (as hanging weights)
· Ruler or force gauge
Student Directions:
STEP 1: Set up your testing string:
· Gently lift or isolate one string of the ukulele.
· Use a paperclip or hook to carefully attach a mass (like a small water bottle or weight) to the string.
STEP 2: Measure the force:
· Use the spring scale to measure the force pulling down on the string in Newtons (N).
· If you know the mass in grams, use the formula:
F = m × a, where m is in kg and a = 9.8 m/s² (gravity).
Example: 100g = 0.1 kg → F = 0.1 × 9.8 = 0.98 N

STEP 3: Measure displacement:
· With the mass attached, use a ruler to measure how much the string moves down from its original position.
· Record the distance in centimeters (cm).
STEP 4: Repeat with different masses:
· Try 2–3 different mass amounts and measure again.
· Be careful not to over-stretch the string!
📊 Force & Displacement Table:
	Mass (g)
	           Force Applied (N)
	       String Displacement (cm)

	
	
	

	
	
	

	
	
	

	



	
	



 Analyze & Reflect:
1. What pattern do you notice between the weight added and the amount the string moved?
→ ___________________________________________________________
2. Use Newton’s 2nd Law (F = ma):
What happens to the force on the string as you increase the mass?
→ ___________________________________________________________
3. How might this extra force affect the way the string vibrates when plucked? (Think: pitch, tension, energy)
→ ___________________________________________________________
4. What does this activity tell you about the relationship between tension and vibration in real instruments?
→ ___________________________________________________________




📍 Station 3: Energy in Every Vibration
NGSS: HS-PS3-3 – Energy and Its Conservation
Goal:
Strum a ukulele connected to a piezoelectric pickup and measure the voltage it produces. Compare energy output at different strum strengths and explore how mechanical energy becomes electrical energy.
🛠️ Materials:
· Multimeter
· Piezoelectric pickup (attached to ukulele)
· Oscilloscope app or sound meter (optional)
· Graph paper
Student Directions:
STEP 1: Get your gear ready:
· Make sure the piezoelectric pickup is securely attached to the ukulele (usually near the bridge or soundboard).
· Connect the multimeter to the pickup (set it to Volts (V) for DC or AC depending on your pickup type).
· Optionally, set up a decibel (dB) meter app or oscilloscope app on your phone for extra data.
STEP 2: Test different strum strengths:
· Strum the ukulele gently and record the voltage output and sound level (if available).
· Repeat with a medium-strength strum and then a hard strum.
· Wait a few seconds between each to let the reading stabilize.
STEP 3: Record your data:
· Fill in the chart below based on your measurements.








 Voltage Output vs. Strum Strength:
	Strum Strength
	                 Voltage (V)
	               Sound Level (dB)

	Soft
	
	

	Medium
	
	

	Hard
	
	



Graph It:
Use graph paper or the space below to make a bar graph:
· X-axis = Strum Strength (Soft, Medium, Hard)
· Y-axis = Voltage Output (V)

💬 Reflection Questions:
1. What happens to the voltage as you strum harder?
→ ___________________________________________________________
2. How is energy being transferred and transformed in this activity?
→ ___________________________________________________________
(Hint: think about mechanical energy turning into electrical energy!)
3. What does this tell you about energy conservation in vibrating systems?
→ ___________________________________________________________
4. Why might piezo sensors be useful in other real-world technologies (e.g., guitars, shoes, medical devices)?
→ ___________________________________________________________





📍 Station 4: Invisible Fields, Real Forces
NGSS: HS-PS3-5 – Electric & Magnetic Field Interaction
Goal:
Use a magnet and copper wire coil to investigate electromagnetic induction. Can motion or vibration create electrical current without batteries? Let’s find out!
🛠️ Materials:
· Magnet
· Copper wire coil (or small motor)
· Multimeter
· Ukulele strings
Student Directions:
STEP 1: Connect your circuit:
· Attach the copper wire coil to the multimeter (set it to measure milliamps (mA) of current).
· Make sure your coil is stable and not moving on its own.
STEP 2: Test magnetic motion:
· Move the magnet back and forth quickly and steadily near (but not touching) the coil.
· Watch the multimeter — does it show any current?
· Try different speeds and directions (slow, fast, circular) and see how the reading changes.
STEP 3: Test string vibration:
· Place the coil and magnet close to a ukulele string (ideally right beneath or behind the soundboard where vibrations are strongest).
· Pluck the string — observe the multimeter for any movement in current.
· Try plucking harder or softer and record your results.



📊 Magnetic Induction Table
	Test Type
	             Movement Type
	                   Current Observed (mA)

	Magnet only
	         Back-and-forth motion
	

	String vibration
	         Pluck near coil/magnet
	



Reflection Questions:
1. What’s happening to the energy in this system?
→ ___________________________________________________________
(Hint: Where does the energy start? What form does it take?)
2. Which action produced more current — the moving magnet or the vibrating string? Why do you think that is?
→ ___________________________________________________________
3. How does this experiment show that magnetic fields can cause electric currents?
→ ___________________________________________________________
4. If you were designing a generator powered by string vibration, what would you improve about this setup?
→ ___________________________________________________________

💬 Wrap-Up Reflection
1. What scientific principle most affected the ukulele’s sound and behavior?
→ ___________________________________________________
2. How did changes in force or material affect energy transfer?
→ ___________________________________________________
3. If you had to improve this ukulele for precision tuning and durability, what would you change based on your data?
→ ___________________________________________________

✅ Extension Idea:
Design a custom ukulele body using recycled materials (plastic bottles, cardboard, 3D printed parts). Test how the material affects sound quality, heat response, and electrical output.


NGSS ELEMENTARY SCHOOL ACTIVITIES
Here’s a new, creative, and unique elementary-level activity for the Ukulele Kit, aligned with NGSS Physical Science standards, that goes beyond the typical sound-wave or circuitry activities. This one blends design thinking, acoustics, and simple physics in a fun, musical way.

🎼 Ukulele Sound Studio: Make Your Own Music & Measure the Vibes!
Name: _____________________  Date: _______________
Grade Level: 3–5
NGSS Standards:
· 1-PS4-1: Plan and conduct investigations to provide evidence that vibrating materials can make sound and that sound can make materials vibrate.
· 4-PS3-4: Apply scientific ideas to design, test, and refine a device that converts energy from one form to another.
· 5-PS1-3: Make observations and measurements to identify materials based on their properties.

🎯 Your Mission:
You’re a musical engineer! You’ll explore how vibration, energy, and materials affect sound by customizing a cardboard ukulele and testing how the sound changes based on string type, tension, and body shape. Then, design your own short tune to demonstrate your learning.

📍 Station 1: Build-a-Tune
NGSS: 1-PS4-1, 5-PS1-3
Goal:
You’re building your own sound-making machine! Use rubber bands as strings, and test how changing the material affects the pitch, loudness, and length of sound.

Materials:
· Cardboard ukulele base (or pre-assembled kit)
· Rubber bands of different thicknesses
· Wooden craft sticks
· Clothespins or binder clips
· Paper towel tubes (optional for resonators)
· Ruler, stopwatch, and pencil
· Sound level meter app (or use your ears!)
Student Directions:
STEP 1: Build Your Ukulele Base
· Stretch 3–4 rubber bands across the cardboard ukulele base.
· Use rubber bands of different thicknesses (thin, medium, thick).
· Make sure they’re spaced apart so you can pluck them easily.
STEP 2: Adjust the Tension
· Use craft sticks, clothespins, or binder clips to adjust how tight each rubber band is.
· You can move the sticks or clips closer or farther to change the stretch (tighter = more tension).
STEP 3: Optional Sound Boost
· Tape or clip a paper towel tube to your base as a resonator.
· This can make the sound louder by helping it bounce around inside!
STEP 4: Pluck and Observe
· One by one, pluck each rubber band.
· Use a stopwatch to measure how long it vibrates.
· Use your ears or a sound level meter app to describe how loud and high or low the pitch sounds.





📊 🎼 Sound Observation Chart:
	String Thickness
	Tension Type
	Loud or Quiet?
	High or Low Pitch?
	Vibration Time (seconds)

	Thin
	Loose
	
	
	

	Medium
	Medium
	
	
	

	Thick
	Tight
	
	
	



💬 Think About It:
1. Which string made the highest sound? Why do you think that happened?
→ _______________________________________________________
2. Did the tightest string sound different from the loosest one? How?
→ _______________________________________________________
3. What do you think the rubber band is doing when it vibrates?
→ _______________________________________________________
4. How does this experiment show that different materials and shapes can affect sound?
→ _______________________________________________________










📍 Station 2: Feel the Vibes!
NGSS: 1-PS4-1
Goal:
You’re going to feel sound in action! Vibrations are how sound moves. Let’s find out what happens when sound travels through the ukulele, your hands, and even furniture!
Student Directions:
STEP 1: Partner Up
· One person will be the plucker, and the other will be the feeler.
· Place your fingers very lightly on the top surface of the ukulele (the flat wood part near the strings).
STEP 2: Pluck the String
· Have your partner gently pluck one of the strings.
· Close your eyes to focus on what you feel through your fingers.
STEP 3: What Did You Feel?
· Could you feel the vibrations in the wood?
· Try plucking harder and softer. Did the vibration change?
 Record it:
→ Can you feel the vibrations?
→ _______________________________________________________

STEP 4: Try It on a Desk or Box
· Now place the ukulele on a hard surface like a desk or cardboard box.
· Pluck the string again and listen closely.
STEP 5: Compare the Sound
· Does the ukulele sound louder, softer, or different on the desk or box?
· Why do you think that happens?
 Record it:
→ Does the sound change when the ukulele touches another object?
→ _______________________________________________________

💬 Let’s Reflect:
1. What do you think causes the vibration?
→ _______________________________________________________
2. How do you know that sound is made by something moving?
→ _______________________________________________________
3. What did the desk or box do to the sound? Why?
→ _______________________________________________________

📍 Station 3: Modify & Measure
NGSS: 4-PS3-4, 1-PS4-1
Goal:
Shape matters! You’re going to test how different ukulele body shapes affect loudness, vibration, and pitch by comparing round, square, and triangle bodies.
Materials:
· 3 cardboard ukulele bases (each a different shape: round, square, triangle)
· Rubber bands (use the same size and thickness on all ukuleles)
· Stopwatch or phone timer
· Sound level meter app (optional) or just use your ears
· Ruler (optional)
Student Directions:
STEP 1: Build or Prepare Your Ukuleles
· Make sure all three ukuleles have the same type of rubber band string.
· Only the shape of the body should be different:
· One round, one square, and one triangle.
STEP 2: Test Each Ukulele Shape
· For each shape, do the following:
· Pluck the string one time only (pull it back the same distance each time).
· Time how long the string vibrates using a stopwatch.
· Listen and give it a loudness rating from 1 (very soft) to 5 (very loud).
· Describe the pitch (high, low, medium, etc.).
STEP 3: Record Your Observations
Fill out the table below as you go:
	Ukulele Shape
	           Loudness (1–5)
	         Vibration Time (sec)
	       Pitch Description

	Round
	
	
	

	Square
	
	
	

	Triangle
	
	
	



Reflection Questions:
Which shape made the loudest sound?
→ ___________________________________________________________
Why do you think that shape was the loudest?
→ ___________________________________________________________
How do you think the shape affects sound energy or vibration?
→ ___________________________________________________________
If you could invent your own shape for the loudest ukulele ever, what shape would it be and why?
→ ___________________________________________________________








📍 Station 4: Compose Your Sound Signal
NGSS 1-PS4-4 Link: Sound to Communicate
Goal:
Design your own secret sound pattern using your ukulele! Use what you’ve learned about sound and vibration to create a short 3-note signal that sends a message — like a secret code, a doorbell, or even a warning sound.
Materials:
· Your rubber band ukulele (or real ukulele)
· Partner (to test your sound signal)
· Pencil and worksheet
· Optional: timer or sound meter app
Student Directions:
STEP 1: Explore Sound Options
· Pluck the strings to find at least 3 different sounds. You can use:
· Different strings
· Different pluck strengths (soft, medium, hard)
· Different locations (closer to the middle or side of the string)
· Even tapping or strumming if you want!
STEP 2: Create a Sound Pattern
· Choose your favorite 3 sounds and put them in order to make your signal.
· Play the pattern several times until you can repeat it clearly and consistently.
🎵 My Sound Pattern:
→ ___ - ___ - ___
(Example: soft pluck - hard pluck - tap)
STEP 3: Give It Meaning!
· Decide what your signal means. Maybe it's:
· “Come play with me!”
· “Help me!”
· “I’m home!”
· “Quiet, the teacher’s coming!”
📝 My Signal Means:
→ “___________________________________________________”
STEP 4: Test Your Signal!
· Play your signal for a classmate (without telling them what it means).
· Ask them to guess or explain what they think it means.
· If they didn’t understand it, how could you improve it?
STEP 4: Reflect & Record:
	Test Results
	Response

	Did your partner understand your signal?
	☐ Yes ☐ No

	If not, how would you change it?
	____________________________________

	Why is sound a good way to send messages?
	____________________________________



🌟 Extra Challenge:
Try creating a different pattern for each of these:
· A happy message
· A warning sound
· A question soun

💡 Wrap-Up Reflection
· What affects how loud or high a ukulele string sounds?
→ _______________________________________________________
· How is energy moving when you play your ukulele?
→ _______________________________________________________
· If you made a "super ukulele," what feature would it have?
→ _______________________________________________________


