STEM BriefsMaking Connections in STEM


Title: Sound Battle of the Bands
Challenge: Throughout the world and history musical instruments have been used to communicate, a source of entertainment and rituals. Your group will use your knowledge of sound to design your own musical instruments and create an original music composition to entertain your class.
	Science
	Engineering

	Concepts
Science 5.5   	
The student will investigate and understand that sound can be Waves transmit energy from one place to another. Sound is produced as these waves cause vibrations as they travel through matter.
· Sound is a form of mechanical energy produced and transmitted by vibrating matter. Mechanical energy is the energy an object has due to its motion or position (5.5 a, b).
· In sound waves, energy is transferred through the vibration of particles of the medium through which the sound travels (5.5 a).
· Sound travels in compression waves and must have a medium through which to travel. Sound also travels in liquids and solids (5.5 a).
· Sound travels more quickly through solids than through liquids and gases because the particles of a solid are closer together. Sound travels the slowest through gases because the particles of a gas are farthest apart (5.5 c).
· Objects vibrating rapidly have a higher pitch than objects vibrating more slowly (5.5 c).
Musical instruments vibrate to produce sound. There are many different types of musical instruments and each instrument causes vibrations in different ways (5.5 d).
Practices:

Science 5.1   	
The student will demonstrate an understanding of scientific and engineering practices by
a)      asking questions and defining problems
b)      planning and carrying out investigations
c)      interpreting, analyzing, and evaluating data
d)      constructing and critiquing conclusions and explanations
e)      developing and using models
f)      obtaining, evaluating, and communicating information
	Concepts:

STEL-1B
Explain the tools and techniques that people use to help them do things.

STEL-1H
Design solutions by safely using tools, materials and skills.

STEL-2E
Collaborate effectively as a member of a team

STEL-2J
Demonstrate how tools and machines extend human capabilities

Practices:

The Engineering Design Process:
1. Define: Define the problem, ask a question  
2. Imagine: Brainstorm possible solutions
3. Research: Research the problem to determine the feasibility of possible solutions
4. Plan: Plan a device/model to address the problem or answer the question
5. Build: Build a device/model to address the problem or answer the question
6. Test: Test the device/model in a series of trials
7. Improve: Using the results of the test, brainstorm improvements to the device/model; return to #3 
8. Share: Communicate your results to stakeholders and the public
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Grade Level-5th- Science		


Title: Sound Battle of the Bands
Timeframe: 
	Engage/Explore/Explain- Day 1- 45 minutes
Elaborate- Day 2- 45 minutes
Evaluate- Day 3- 45 minutes
Engage- 10 minutes
Explore-20 minutes
Explain- 15 minutes
Elaborate- 45 minutes
Evaluate- 45 minutes



Standards/Indicators  (copied from the standards)
	Science 5.1   	
The student will demonstrate an understanding of scientific and engineering practices by
a)      asking questions and defining problems
b)      planning and carrying out investigations
c)      interpreting, analyzing, and evaluating data
d)      constructing and critiquing conclusions and explanations
e)      developing and using models
f)      obtaining, evaluating, and communicating information
Science 5.5   	
The student will investigate and understand that sound can be produced and transmitted. Key ideas include
a)  sound is produced when an object or substance vibrates
                 d)    sound waves have many uses and applications.
Music 5.1 
The student will improvise and compose music. 
                a) Improvise melodies and rhythms of increasing complexity.
                b) Compose a short original composition within specified guidelines. 
Music 5.3 
The student will analyze and evaluate music.  
 a) Group a variety of instruments into categories based on how their sounds are produced. 
  b) Experiment with the science of sound. 
Music 5.5 
The student will apply collaboration and communication skills for music creation, rehearsal, and performance.
           a) Exhibit acceptable performance etiquette as a participant and/or listener in relation to the context and style of music performed.
           b) Collaborate with others to create a musical presentation and acknowledge individual contributions as an integral part of the whole. 


[bookmark: _heading=h.gjdgxs]Engineering Problem
	Throughout the world and history musical instruments have been used to communicate, a source of entertainment and rituals. Your group will use your knowledge of sound to design your own musical instruments and create an original music composition to entertain your class. 


Challenge and Criteria
	Create a set of musical instruments from recycled materials that you can then use to play an entertaining musical composition.
Criteria:
Create a musical instrument for every person in your group
You must have at least one pitched instrument and one non pitched instrument
Your pitched instrument must have at least 3 different pitches
Your non pitched instrument must play at a high volume and low volume
Create and perform a song playing your instruments that has different pitches and volumes

Constraints
You will be limited to the recyclable materials available
Your teacher will give you a time limit of how long you have to build, practice your song, and present

Teacher Note:
Students could create lyrics to their songs based on previous content taught. For example, have a group create song lyrics for circuits while another group is creating a song about light.
You could also collaborate with a first-grade teacher as they learn about sound as well. Students could have an authentic audience and perform for the first graders rather than their peers.


Support about the Standard 
	Students need to be able to explain that longer, looser strings make bigger and slower-moving vibrations. Bigger, slower vibrations make low-pitched sounds.  Shorter, tighter strings make smaller and faster-moving vibrations. Smaller, faster vibrations make high-pitched sounds.


[bookmark: _heading=h.wtq2tws1tqfh]Support for the Engineering Design Process
	If students have not participated in the Engineering Design process, introduce the Engineering Design Process to students.  Explain that the Engineering Design Process is a step-by-step process that engineers and designers use to solve problems.   The Engineering Design Process is cyclical and can begin at any step, or move back and forth between steps numerous times. In real life, engineers often work on just one or two steps and then pass along their work to another team. Share the graphic with students.
[image: ]


[bookmark: _heading=h.qnn8sllfz01d]Materials and Safety (Always refer to the VDOE Safety in Science Teaching)
Identify potential safety concerns. Please refer to division safety criteria when working with materials.
	Engage:
1 piece of string per student that is 1m long
1 piece of string for teacher that is 2m long

Explore and Elaborate Materials: Have a variety of recyclable materials available for students to explore with. You can invite students to bring in objects from home, and ask parents or teachers to donate recyclables from home. 
Material ideas: differently sized paper rolls, string, boxes, plates, ribbon, brads, beans, empty water bottles, metal cans, wax paper, duct tape, different-sized cardboard



Lesson Preparation
	Collaborate with your music teacher to find out about your student’s prior knowledge. 



Suggested Prior Instruction
	Literacy Connection- The picture books Ada’s Violin: The Story of the Recycled Orchestra of Paraguay and Stalebread Charlie and the Razzy Dazzy Spasm Band, can provide a meaningful intro to problem solving and the Engineering Design Process.



	Engage: The goal of this phase is to capture students’ attention and interest for the purpose of preparing them for engaging in the proposed engineering problem. 

	Teacher Directions
	Additional Notes

	-Have students make a circle on the carpet or open space of the room. 

-Ask students to share their favorite song or musician or an example of a sound they enjoy.

- Ask students how they think sound is produced. This will provide a preassessment for you of prior knowledge.

-Distribute a string to each student. Show them with your own string to step on one end and to wrap their finger around the other so that it is taught in front of them. 

-Tell students to take the finger with the string wrapped around it and touch it to their cheek by their ear. Demonstrate this for them or show this picture.

- Ask students to pluck the string with their other hand. Ask them if they hear a sound. 

-Ask students to explain what they think is making the sound. (Vibration)

-Ask students if there is any way they could make the sound change? Could they make it a different noise? 

Maybe a sound that sounds high or a sound that sounds low? Allow students a moment to see if they can. (Most likely your students will not be able to create a different pitch because the length of the string is not changing). 

Pose the question, “Why is it possible that a guitar plays different notes or a piano?”

As students respond, point out that the strings are at different lengths which allows them to vibrate differently which creates a different pitch level.
	· Double check that students hold their strings tightly. They should be tight between the foot and the finger.



	Explore: The exploration phase provides concrete experiences where students investigate phenomena, observe patterns, and/or encounter discrepant events that build upon knowledge and practices from the Engage Phase.

	Teacher Directions
	Additional Notes

	-Allow students to have access to different recyclable materials. 

- Pass out student recording packet.

- Invite students to brainstorm how they could make an instrument. 

Allow students to see materials. They should draw out ideas on the brainstorming section of their paper.

-Encourage students to be creative. The instrument does not have to look like something they have seen before. 

-Once students have drawn multiple ideas, have students get materials and try to put materials together to create an instrument that could make different noises. 

- Allow students to build for about 15 minutes. 

- After attempting to build their design, have them observe their own instrument and the instruments of two other classmates.

-Ask students to record what part of their instrument is vibrating to create a noise. 

-Allow 5-10 minutes for students to explore and record their findings. 
	· This part of the lesson will provide brainstorming and research prior to students receiving the engineering challenge. 
· 




	Explain: The essential knowledge and practices with which students engaged and explored, are now made clear and comprehensible.  This is also an opportunity for students to explain their understanding of the concept or practices.

	Teacher Directions
	Additional Notes

	
-Regain the class's attention and have a class discussion about whether anyone was able to create an instrument that made different noises.

-Ask if anyone was able to get the instrument to play loudly or softly.

-Inform students that there is correct science vocabulary that is related to these concepts.

-Have students go to the second page of the student packet. Students will need to write the definition of the vocabulary word and examples.

-Have students draw pictures that will help them to remember that definition.

-An Answer Key has been provided- Sound Vocabulary Recording Form

-Ask the question, “What is the difference between pitch and volume and how can they be changed?”

Vocabulary: 
Sound waves: Explain that sound travels in waves and requires a medium (air, water, or solid) to go through.
Vibrations: Explain that sound is produced when an object vibrates and causes the particles in the surrounding medium to vibrate (bounce off each other) as well
Pitch and Frequency: Discuss how the frequency of the vibrating object determines the pitch of the sound produced, higher frequency=higher pitch, lower frequency= lower pitch
Volume: Explain that the louder or softer a sound is is considered volume.

-Read with students their design challenge on page 3 of their packet. 

- Give students time to identify the problem along with criteria and constraints.

-Divide students into groups of 3 or 4.

- Tell them that they may already use the instrument that they created earlier and improve on their design or start over and come up with a new instrument. 

Either way they must collaborate with their group to plan out their idea and the materials that they need.
	-Students should be able to explain that pitch is changed by making the vibrating part of the instrument shorter or longer. They should be able to explain that volume is changed by causing the instrument to vibrate with more or less force.

-If you need to scaffold the vocabulary, provide visuals of common musical instruments, focusing on the role of vibrations in sound production.

- Discuss the different parts of musical instruments and how they contribute to sound production. Highlight examples such as strings, tubes, and holes.

-If students have not participated in the Engineering Design process, introduce the Engineering Design Process to students.  

Explain that the Engineering Design Process is a step-by-step process that engineers and designers use to solve problems.   

The Engineering Design Process is cyclical and can begin at any step or move back and forth between steps numerous times.

 In real life, engineers often work on just one or two steps and then pass along their work to another team. Share the graphic with students.

· [image: ]





	Elaborate:  The intention is to facilitate the transfer of concepts and abilities to related, but new situations. 

	Teacher Directions
	Additional Notes

	-Invite students to work together to record a plan (page 3) of how they will use their materials to create a musical instrument. 
Remind students that they need to have both pitch and unpitched instruments. 

-Once the plan has been checked by you, allow students to get supplies and build.

-During the course of building, have students test their instrument and improve on their designs until they meet their criteria. Encourage students to record their improvements (page 4).

- As groups finish their instruments, have them work together to create their music composition (page 5) and practice it. 
	-Encourage creativity and experimentation with different materials.

-Remind students to consider the principles of sound discussed earlier and how they can incorporate vibration into their instruments.

-Students' music composition can be as detailed or not as you see fit. You can have them include lyrics and write a song for a specific content or simply have them play a melody. 



	Evaluate:  The intention is for students to reflect on their new learning.

	Teacher Directions
	Additional Notes

	-Have students perform their musical composition in front of their peers (or another class if you already choose to do so). Allow about 3 minutes per group.

-After each group of students performs ask them the following questions:
1. What material is vibrating to create sound?
2. How do your pitched instruments create different pitches?
3. How do your non pitched instruments create different volumes?

-Have students reflect on the design challenge by asking students to complete their reflection on the last page of their packet.

- Use the following rubric to assess both science content and the engineering design process.
	· [bookmark: _heading=h.1fob9te]During the performance time, remind the audience what it means to be good audience members.
· [bookmark: _heading=h.3znysh7]eyes on the performers
· [bookmark: _heading=h.2et92p0]not speaking during the performance
· [bookmark: _heading=h.tyjcwt]maintain appropriate facial expressions



Suggested Post Instruction
	· Have a class ensemble performance where students play a composition all together.
· Instruments can be displayed or taken home. 
· Connect with local bands and have a battle of the bands night for the community
· Consider taking a field trip to a local symphony or connect with your local high school band and have students see a performance. 
· Research and discuss famous inventors, scientists, or musicians who have contributed to the field of sound and musical instruments. 




Resources and Student Page(s)
Student Challenge Packet
Answer Key: Sound Vocabulary Recording Form

rubric 
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Figure 1 Engineering Design Process image based on the Notional Aeronatics and Space Aduinistration (NASA) engineeing desga
model.
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Figure 1: Engineering Design Process image based on the National Aeronautics and Space Administration (NASA) engineering design
model.
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