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Science through LEGO Engineering  Sound: Design Musical Instruments 

Module Overview 

Lesson Title Lesson Overview Lesson Learning Objectives 
Students will be able to: 

1 

How can we 

make different 

sounds and 

notes? 

Students will be introduced to the design 

challenge of creating LEGO instruments. 

Then, in a “mini-design challenge,” they will 

explore how to make different sounds with 

only two objects (a plastic cup and plastic 

spoon). The primary goal of this lesson is for 

students to improve their ability to recognize 

and articulate what they notice about different 

sounds and how the sounds are produced. 

Distinguish between high-pitched 
and low-pitched sounds. 

2 

Why do 

instruments 

need sturdy 

frames? 

Students will practice using LEGO materials 

to build sturdy frames for musical instruments. 

They will discover the different roles LEGO 

beams, plates, axles, connector pegs, and 

bushings play in holding LEGO structures 

together. Specifically, students will be 

challenged to build LEGO triangles and 

rectangular prisms (boxes). 

Combine different shapes and 
structures to design and build 
frames for sound-makers. 

3 

How are a 

sound’s 

vibration size 

and volume 

related? 

Students will make LEGO drums by adding 

balloon membranes to their LEGO triangles. 

Then, they will observe vibrating drum 

membranes by sprinkling sugar on the 

membrane and watching the sugar bounce up 

and down. They will perform the vibration 

observations for both loud and soft sounds. 

Recognize that vibrations are 
responsible for the production of 
sound. 
 
Indicate that volume is 
determined by the size of sound 
vibrations. 

 

4 

What do 

sound 

vibrations 

travel 

through? 

This lesson expands on what students learned 

in Lesson 3 about the importance of vibrations 

to sound. The focus of the investigation shifts 

from the source of sound vibrations to the 

transmitter of sound vibrations. Students will 

continue to use the LEGO drums built in the 

previous lesson to explore the transmission of 

vibrations through air (gases), solids, and 

liquids. They will also build pan pipes to 

prepare for the investigation to be conducted 

in Lesson 5. 

Explain how sound vibrations are 
transmitted through solid, liquid, 
and gas mediums. 

 

5 

How do length 

and thickness 

affect pitch? 

This lesson is the first of two that focus on the 

pitch of sound. Students will explore the effect 

of length and thickness on pitch by building a 

two-string guitar with a rubber band and a 

LEGO frame. The strings will have different 

thickness to allow students to observe the 

effect of thickness on pitch. They will use 

connector pegs as guitar frets, which will 

allow them to vary the length of the guitar 

string without changing its tension. 

Indicate that pitch is determined 
by the speed of vibrations. 
 
Discuss the effect on pitch of 
changing the length or thickness 
of a vibrating object. 
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Science through LEGO Engineering  Sound: Design Musical Instruments 

Module Overview 

 

 

 

 

Lesson Title Lesson Overview Lesson Learning Objectives 
Students will be able to: 

 

6 

How does 

tension affect 

pitch? 

This lesson is the second of two that focus on 

the pitch of sound. Students will explore the 

effect of tension on pitch by building a one-

string guitar with a rubber band, LEGO frame, 

and LEGO motor. They will wind one end of 

the rubber band around an axle attached to the 

LEGO motor. The motor will allow them to 

vary the tension of the guitar string without 

changing its length or width. 

Indicate that pitch is determined 
by the speed of vibrations. 
 
Discuss the effect on pitch of 
changing the tension of a 
vibrating object.  

7 

What happens 

when a sound 

is reflected, 

absorbed, or 

transmitted? 

Students will build a LEGO rattle, or maraca, 

and will measure its noise output with a LEGO 

NXT sound sensor.  They will investigate what 

happens when they muffle the maraca with 

their hands.  The hand muffler activity is 

intended to help students explore how sound 

can be absorbed, reflected, or transmitted as it 

travels away from its source. 

Predict if a sound will be 
reflected, absorbed, or 
transmitted through a given 
medium. 
 
Explain that sound is a form of 
energy. 

 

8 

How can we 

make one 

instrument that 

plays three 

different 

pitches? 

Students will design and build their own 

LEGO instruments. They will use what they 

have learned by building the previous 

‘research’ instruments.  However, their 

instrument must be a new invention, and it 

must play at least three different pitches. 

Students will demonstrate these instruments by 

using them to play a song for the class. 

Combine different materials, 
shapes, and structures to design 
and build sound-makers with 
many different volumes and 
pitches. 
 
Define engineering design as the 
process of creating solutions to 
human problems through 
creativity and the application of 
math and science knowledge, and 
list and explain the steps of the 
engineering design process. 

 

9 

What are all 

the different 

ways to make 

one instrument 

that plays 

three pitches? 

Students will complete posters that explain 

how their instrument makes at least three 

different pitches. Then, the culminating event 

of the module is an engineering design expo in 

which students demonstrate their instruments 

and explain the design features that produced 

the three different pitches. 

 

Combine different materials, 
shapes, and structures to design 
and build sound-makers with 
many different volumes and 
pitches. 
 
Define engineering design as the 
process of creating solutions to 
human problems through 
creativity and the application of 
math and science knowledge, and 
list and explain the steps of the 
engineering design process. 
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Learning Objectives for Science through LEGO Engineering  
Sound: Design a Musical Instrument 

 
 
 
By the end of the module, students will be able to: 
 

 

1) Recognize that vibrations are responsible for the production of sound 

 

2) Explain how sound vibrations are transmitted through solid, liquid, and gas mediums 

 

3) Distinguish between high pitched and low pitched sounds 

 

4) Indicate that pitch is determined by the speed of vibrations 

 

5) Indicate that volume is determined by the size of vibrations 

 

6) Discuss the effect on pitch of changing the length, tension, or thickness of a vibrating 

object 

 

7) Predict if a sound would be reflected, absorbed or transmitted through a given medium 

 

8) a) Explain that sound is a form of energy 

    b) Explain that the amount of energy is determined by the size of the vibrations 

 

9) Combine different materials, shapes, and structures to design and build sound-makers 

with many different volumes and pitches  

 

10)  a)Define engineering design as the process of creating solutions to human problems 

through creativity and the application of math and science knowledge. 

b) List and explain the following steps of the engineering design process: 

i. Identifying a problem 

ii. Researching possible solutions 

iii. Picking the best solution 

iv. Building a prototype 

v. Testing the prototype 

vi. Repeating any steps needed to improve the design 

  

 

 

 

 

 

Copyright 2008 Tufts University Center for Engineering
Educational Outreach and LEGOengineering.com



Sound: Design a Musical Instrument – Related National, State, and District Learning Standards 

 

 
National AAAS Benchmarks 
 

4.F.2nd Grade  
- Things that make sound vibrate. 

 
National Science Education Standards 
 

Content Standard B: Position and Motion of Objects (K-4) 
- Sound is produced by vibrating objects. The pitch of the sound 

can be varied by changing the rate of vibration. 

 
Massachusetts Frameworks 
 

Grades 3-5, Strand 3: Physical Science 
- Identify the basic forms of energy (light, sound, heat, 

electrical, and magnetic). Recognize that energy is the ability to 

cause motion or create change. 

- Give examples of how energy can be transferred from one 

form to another.     

- Recognize that sound is produced by vibrating objects and 

requires a medium through which to travel. Relate the rate of 

vibration to the pitch of the sound. 

 

 
Design a Musical Instrument  
Learning Objectives 
 
By the end of this module, students will be able to: 
 
1) Recognize that vibrations are responsible for the 

production of sound 

 

2) Explain how sound vibrations are transmitted through 

solid, liquid, and gas mediums 

 

3) Distinguish between high pitched and low pitched 

sounds 

 

4) Indicate that pitch is determined by the speed of 

vibrations 

 

5) Indicate that volume is determined by the size of 

vibrations 

 

6) Discuss the effect on pitch of changing the length, 

tension, or thickness of a vibrating object 

 

7) Predict if a sound would be reflected, absorbed or 

transmitted through a given medium 

 

8) a) Explain that sound is a form of energy 

    b) Explain that the amount of energy is determined by the 

size of the vibrations 

 

9) Combine different materials, shapes, and structures to 

design and build sound-makers with many different 

volumes and pitches  

 

10) a) Define engineering design as the process of creating 

solutions to human problems through creativity and the 

application of math and science knowledge. 

 b) List and explain the following steps of the 

engineering design process: 

i. Identifying a problem 

ii. Researching possible solutions 

iii. Picking the best solution 

iv. Building a prototype 

v. Testing the prototype 

vi. Repeating any steps needed to improve the design 

 
Somerville Science Benchmarks 
 

Sound Learning Standards, Grade 3 
- Recognize that sound is produced by vibrating objects and 

requires a medium through which to travel. Relate the rate of 

vibration to the pitch of the sound. 

 

Sound Benchmarks, Grade 3 
- Begin to understand that sound is a form of energy. 

- Demonstrate that sound is produced by vibration. 

- Begin to recognize that sound can travel through solids, 

liquids, or gases, but no through completely empty space. 

- Describe how to change the pitch of a vibrating string. 

- Predict which metal bar when hit will produce the lowest and 

the highest pitches. 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Learning Objectives 
 
 
!!!!!!!!!!!! 
Teacher 
Background 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Students will be introduced to the design challenge of creating LEGO 

instruments. Then, in a “mini-design challenge,” they will explore how to 

make different sounds with only two objects (a plastic cup and a plastic 

spoon). The primary goal of this lesson is for students to improve their 

ability to recognize and articulate what they notice about different sounds 

and how the sounds are produced. 

! Introduction to the design challenge and big science question 

! Brainstorming what we know and what we need to learn 

! Making and describing different sounds with cups and spoons 

! Class discussion about describing sounds 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
! Distinguish between high-pitched and low-pitched sounds. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

There are three requirements for sound to take place in an 

environment: (1) a vibrating source to start sound, (2) a medium to 

transmit sound vibrations throughout the environment, and (3) a receiver 

to hear or record sound vibrations. 

Sound is started in an environment by a vibrating source. There 

are numerous and varied vibrating sources – pushing air past vocal cords, 

plucking a stretched string, striking a membrane of animal hide or 

synthetic material, buzzing lips on an instrument, and many other natural 

vibrating sources. Sound may also be produced by electronic vibration 

sources – whirling of machines, playing of electronic keyboards and 

synthesizers, pulsing speakers, and more. 

Sound is generally measured by the number of vibrations per 

second produced by a vibrating body or source. If the vibration occurs at 

a steady number of vibrations per second, the musical effect produced is 

known as a pitch, tone, or note.  

Not all vibrations create sounds that humans can hear. Human 

ears sense vibrations only that are moving at speeds between 20 

vibrations per second and 20,000 vibrations per second. If a vibration is 

too fast or too slow, it will not be heard as “sound” by humans. One 

vibration too fast for human hearing is the ultrasonic signal emitted by 

bats for echo-locating. Vibrations that are too slow for human hearing 

include ocean waves and earthquakes. We detect these vibrations by 

seeing and feeling them, but we do not hear them. 

The physical properties of vibrating objects come into play when 

 
Lesson 1 

How can we make different sounds and 
notes?  
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Science through LEGO Engineering  Design a Musical Instrument 

 

 

compar 

 

!!!!!!!!!!!! 
Vocabulary 
 
 
 

!!!!!!!!!!!! 
Materials 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Preparation 
 
 
 
 
 
!!!!!!!!!!!! 
Instructions for 
Teachers 
 
 
 

GETTING 
STARTED  

ing the pitch of one vibrating object to another. Smaller, thinner, 

or tighter vibrating objects are higher in pitch, and conversely, larger, 

thicker, and looser vibrating objects are lower in pitch.  

!!!!!!!!!!!! 

Sound - Energy transported when object vibrates in a medium. 
Musical Instrument - A device used for making music. 
Engineer - A person who creates solutions to human problems through 

creativity and the application of math and science knowledge. 

!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 1  

 

For each student pair 
! Disposable plastic cup (any size) 

! Disposable plastic spoon 

 

For the class 
! Simple non-electronic instrument 

such as a recorder, harmonica, 

xylophone, or guitar 

!!!!!!!!!!!! 
! Practice playing a short tune on a 

simple musical instrument. 

! Use chart paper or a large section of 

the board to make a “sound 

description chart.”  

! Arrange students in pairs. 

! Distribute Engineer’s Journals. 

!!!!!!!!!!!! 
PART I: Module Introduction (20 min) 

1) The lesson begins with a musical selection performed by you! 

Explain to the students that you are about to play them a tune. While 

they listen, they should think about how the instrument is making its 

sounds. What is happening to make the sounds of the song?  

2) Ask students to listen and watch carefully as you play a song or a few 

notes on a recorder, harmonica, xylophone, guitar, or other simple 

non-electronic instrument. 

3) Present students with the “big science question:” how are sounds 
made? Give students four or five minutes to talk to their partners 

about how instruments make sounds and then write or draw their 

ideas on page 1-1 of their Engineer’s Journal. 

 

Lesson 1 How can we make different sounds and notes? 

What Do Children Think About 
Describing Sounds? 
 

! Some children have difficulty 

“hearing” the difference between 

sounds. Music instructors suggest 

that teachers encourage students 

to practice attentive listening. 

! Many kindergarten children think 

that sounds “live” in objects, go 

out to human ears, and then return 

home when objects are silent. 

! Fifth- and sixth-graders often 

conceive of sound as a repeated 

tapping, or resonating, that 

radiates out through air. 

! Third-graders usually do not have 

a universal “theory” of sound. 

They might apply the “living” 

sound idea to explain one kind of 

sound but apply the “tapping” 

sound idea to another kind of 

sound.  

1-2 
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Science through LEGO Engineering  Design a Musical Instrument 
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ACTIVITY 
EXPLANATION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

4) Present students with the grand engineering design challenge for this 

science module: Each pair of students will design and build a LEGO 

musical instrument that can play at least three different notes. 

5) Give students four or five minutes to talk to their partners about what 

science ideas they already know that will help with their design and 

what science ideas they need to learn. Have students write their ideas 

on page 1-2 of their Engineer’s Journal. 

6) Explain that it is okay if students were not confident about the 

answers they wrote and drew, or if they have a long list of things they 

need to learn. After all, the purpose of the unit is to learn more about 

sound. Students will do this learning by becoming “instrument 

engineers.”  

7) At this point, you might want to review briefly the plan for the entire 

module.  Remind students that the first part of the engineering design 

process involves gathering information about how sounds are made. 
Students will “gather information” by constructing several simple 

instruments, each of which will help them learn something new about 

sound. By the end of the module, they’ll know enough about sound to 

build their own more complicated, multi-note instrument. 

 

PART II: Sound Exploration (25 min) 

8) Explain that before students gather 

information about instruments, they 

need to gather more information about 

different kinds of sounds, because 

they’ll need to decide what kinds of 

sounds they want their instrument to 

make and how to make the sounds. 

They will also need to be able to 

describe the sounds of other students’ 

instruments. 

9) Today students will learn more about 

sound by exploring how to make many 

different notes. Explain that the mini-
challenge for this lesson is to make at 
least three different notes using only a 
plastic cup and a plastic spoon. 

10) Model one way to make and describe a sound. Make an example 

sound by using the handle of the spoon to tap on the bottom of the 

plastic cup. This is the sound described in the first column of the 

sound description chart found on page 1-3 of their Engineer’s Journal. 

Lesson 1 How can we make different sounds and notes? 

What Questions Might 
Students Ask During this 
Lesson? 
 

! How can we make three 

sounds with only two 

materials? Use as many 
different PARTS of the two 
materials as possible, and 
try to use the spoon in 
many different WAYS. 

 

! How do we know if we 

found the “right” sounds? 

There are not ‘right’ and 
‘wrong’ sounds. What is 
important today is that you 
can explain why your 
sounds are different from 
each other and describe 
your sounds.  

Copyright 2008 Tufts University Center for Engineering
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Science through LEGO Engineering  Design a Musical Instrument 

 Lesson 1 How can we make different sounds and notes? 

 
 
 
 
 
 
 
 

STUDENTS’ 
INDEPENDENT 

ACTIVITY 
 
 

MAKING SENSE 
OF THE ACTIVITY 

 
Note: Try to model three 
different approaches to 
describing sounds: 
onomatopoeia words (bing, 
kerplop, smoosh, etc.), 
adjectives (tinny, whiny, 
calm, timid, loud, quiet, 
etc.), and similes (like a pin 
dropping, like a baby 
crying, like footsteps up 
stairs, etc.). 

 
Note: During this class 
discussion, look for 
opportunities to introduce 
the terms “low pitch” and 
“high pitch.” If students do 
not use them on their own 
demonstrate and describe 
sounds that are especially 
high or low. 

 

11) Work with the students to answer: How would you tell someone else 

about the sound?  Students should record the class’ way to tell 

someone else about the sound on page 1-3 of their Engineer’s Journal. 

12) Distribute one cup and one spoon to each student pair. 

13) Allot 10 minutes for students to work with their partners to make and 

describe as many sounds as possible. 

 

PART III: Class Discussion of Sound Descriptions (15 min) 

14) Gather students together and direct students toward the large class 

version of the sound description chart. 

 

16) As students share how they listened for, made, and described sounds, 

encourage other students to ask for clarification if they do not 

understand a description. Encourage other students to suggest 

additional words that would help with the descriptions or ways to tell 

someone else about the sound. 

17) If you have extra time, conduct a brief brainstorming session on any 

other words that might be useful for describing sounds. 

18) Conclude by encouraging students to keep thinking about what kinds 

of sounds they will want their musical instruments to make. 

15) Ask students to describe some of their favorite sounds that they made. 

Record their descriptions on the class chart, paying particular 

attention to how students would tell someone about their sounds. 

1-4 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Learning Objectives 
 
 
!!!!!!!!!!!! 
Teacher 
Background 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Vocabulary 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Students will practice using LEGO materials to build sturdy frames for 

musical instruments. They will discover the different roles LEGO beams, 

plates, axles, connector pegs, and bushings play in holding LEGO 

structures together. Specifically, students will be challenged to build 

LEGO triangles and rectangular prisms (boxes). 

! Listening to musical instruments (with audio CD) 

! Discussion of musical instrument frames 

! Explanation of LEGO sturdy shape challenge 

! Building, testing, and diagramming LEGO sturdy shapes 

! Discussion of lessons learned about LEGO instrument frame 

building 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
• Combine different shapes and structures to design and build 

frames for sound-makers. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

When constructing sound-making devices, it is important to know 

that to create vibrations there must be a certain amount of surface tension 

in the vibrating body. Solid objects have inherent tension. Soft objects 

like strings or membranes must be stretched to create the tension required 

to support vibrations.  

The sturdy frames constructed by students in this lesson are 

essential bases for LEGO instruments that students will make. To turn 

balloons into drums (Lessons 3 and 4), or rubber bands into guitars 

(Lessons 5 and 6), students will need strong frames capable of holding 

the tension of stretched rubber. Real-world musical instruments come in 

a huge variety of shapes and sizes, but they all have one thing in 

common: a strong underlying structure. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Frame – A case or structure for holding or supporting something. 
Shape – The configuration or form of an object. 
Triangle – A completely enclosed shape with three straight sides that are 

connected at three different points. 
 
 
 

 
Lesson 2 

 
Why do instruments need sturdy frames? 
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!!!!!!!!!!!! 
Materials 
 
 
 
 
 

 
 
 
!!!!!!!!!!!! 
Preparation 
 
!!!!!!!!!!!! 
Instructions for 
Teachers 
 

LEGO beam -  

LEGO rounded beam -  

LEGO brick -  

LEGO plate -  

LEGO axle -  

LEGO short connector peg -  

LEGO long connector peg -  

LEGO bushing -  
!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 2  

 

For each student pair 
! LEGO Mindstorms Kit 

 
For the class 
! Transparencies or print-outs of pictures of musical instruments (drum, 

harmonica, harp, and upright piano) 

! Transparencies or print-outs of sample diagrams 

! Audio CD of musical instrument sounds (optional) 

!!!!!!!!!!!! 
! Distribute Engineer’s Journals. 

! If planning to use the audio CD during the introduction (Step 6), plug in 

a CD player in a location where all students will be able to hear it. 

!!!!!!!!!!!! 

PART I: Introduction (15 min) 

1) Give students two to three minutes to talk with their partners and then 

write and draw their ideas about today’s exploration question: “Most 
musical instruments are made out of metal, wood, or plastic. Why are 
instruments made out of these materials instead of paper or cloth?” 

Students should write and draw their ideas on page 2-1 of their 

Engineer’s Journal. 

Lesson 2 Why do instruments need sturdy frames? 
 

What Do Children Think 
about Sturdy Shapes? 
 

! Some students assert that 

the best shape is simply the 

most interesting or intricate 

shape (e.g., octagonal 

dome, hemisphere). 

!  Many students think that 

the square is stronger than 

the triangle.  
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GETTING 
STARTED  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ACTIVITY 
EXPLANATION 

 
 

2) Ask a few students to explain their thoughts on this question. Then, if 

no one has mentioned the strength of metal, wood, and plastic, clarify 

that these materials are useful for instruments because they are 

strong. Instrument frames need to be strong because they must 

support large pushes and pulls, both from the musicians that play the 

instruments and from the strings or membranes that are stretched 

across the frames. For example, a guitar’s strings are stretched 

tightly, and materials like paper or cloth could not support their 

tension. 

3) Explain that, in addition to being 

strong, instrument frames have 

different shapes to create different 

sounds. Engineers who design 

musical instruments must determine 

which frame shapes make the best 

sounds. 

4) Explain that today’s activity will help 

students learn how to build strong 

shapes for their LEGO instruments. 

To start thinking about instrument 

shapes, the class will now look at 

images of musical instruments and 

describe the shapes of their frames.  

5) Display each musical instrument 

image, one at a time. Ask students to 

describe the instrument’s shape. 

Record their shape words on the 

board, chart paper, or overhead 

projector. 

6) (If desired, you might use the provided audio CD to play a brief 

recording of each instrument as the students study its image. It is 

important to explain, however, that most of the time an instrument’s 

shape cannot be identified by its sound.) 

7) We have provided images for these instruments: drum (circle), 

harmonica (rectangle), harp (triangle), and upright piano (box).  

8) Conclude the introduction by reiterating that students might use one 

or more of these shapes in their LEGO musical instruments. 

 

PART II: Sturdy Shape Building (30 min) 

9) Ask students to turn to page 2-2 in their Engineer’s Journal. 

10) Review with students the instructions for the sturdy shape challenge. 

Point out the example diagram and ask students to identify the key 

parts of the diagram.  If not mentioned by students, draw their 

attention to the diagram’s inclusion of: (1) only the essential LEGO 

Lesson 2 Why do instruments need sturdy frames? 
 

What Questions Might 
Students Ask During this 
Lesson? 
 

! How can I make my LEGO 

shape sturdier? Connect 
pieces together in two 
places instead of one.  

! How can I keep my shape 

from collapsing? Connect 
pieces more rigidly by 
adding more attachment 
points. 

! When I put an axle through 

these two beams, why do 

they rotate around each 

other? To be fixed in place, 
beams must be attached in 
at least two places.  
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Educational Outreach and LEGOengineering.com



Science through LEGO Engineering  Design a Musical Instrument 

2-4 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STUDENTS’ 
INDEPENDENT 

ACTIVITY 
 

Note: You could set up a 
drop-test area of the 
classroom where 
students can go to drop 
their shapes from a 
teacher specified height. 

 
 

 
MAKING SENSE 

OF THE ACTIVITY 
 
 
 

elements, (2) labels for the name and size of each element, (3) arrows 

connecting each label to its part, and (4) title. You might show 

additional sample diagrams using the provided transparencies or 

created by yourself. 

11) Explain that if students cannot figure out how to make a shape on 

their own, they can use the Building Hints section of their Engineer’s 

Journal. 

12) Remind students how connector pegs, axles, and bushings can be 

used to connect LEGO beams and plates together. 

     

 

13) Allot 20 minutes for students to build and diagram sturdy triangles 

and boxes. 

14) Remind students to conduct the “Drop Test” (drop from waist height) 

on each shape to prove its sturdiness. 

15) Allow students to keep their constructions intact because they will be 

used during future lessons (e.g., the triangle will be used in lesson 3 

and the box in lesson 7).  

 

PART III: Discussion of Lessons Learned about LEGO Building (10 

min) 

16) Gather students together. Ask for volunteers to describe what they 

learned from building LEGO shapes that might help them or their 

classmates build LEGO instruments later. 

17) Conclude by telling students that they will use their new LEGO 

building skills in the next lesson, when they build their first LEGO 

instrument – a drum. 

Lesson 2 Why do instruments need sturdy frames? 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Learning Objectives 

 
 
 
!!!!!!!!!!!! 
Teacher 
Background 
 
 
 
 
 
 
 
 
 

 
 

 

 

 
 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Students will make LEGO drums by adding balloon membranes to their 

LEGO triangles. Then, they will observe vibrating drum membranes by 

sprinkling sugar on the membrane and watching the sugar bounce up and 

down. They will perform the vibration observations for both loud and 

soft sounds. 

! Thinking about how a drum works 

! Guided demonstration of balloon as drum membrane 

! LEGO drum building 

! Drum vibration observation 

! Class discussion about sound vibrations and volume 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
• Recognize that vibration is responsible for the production of 

sound. 

• Indicate that volume is determined by the size of sound 

vibrations. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

 Sound is caused by vibrations – produced by a source, transmitted 

through a medium, and detected by a receiver. The amplitude (size) of a 

vibration determines the loudness and softness of sound. The loudness or 

softness of a sound is commonly known as its volume. A louder sound 

has a wider vibration than a softer sound. The figure below shows a 

comparison between a loud and soft sound. Smaller vibrations are 

equivalent to softer sounds, while larger vibrations are equivalent to 

louder sounds.  

 

 
 

Volume depends on the amount of the force used to start the 

sound vibrations. The more force used to start the vibrations, the louder 

the sound produced. For example, the volume of an acoustic guitar is 

determined by the force with which the string is plucked. 

When studying sound-making devices, it is important to pay close 

 
Lesson 3 

How are a sound’s vibration size and 
volume related? 
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!!!!!!!!!!!! 
Vocabulary 
 
 
 
!!!!!!!!!!!! 
Materials 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Preparation 
 
 
 
 
!!!!!!!!!!!! 
Instructions for 
Teachers 
 

GETTING 
STARTED  

 
 

attention to the source of the vibrations, which is the initially vibrating 

substance. Correctly determining the source is vital to drawing accurate 

conclusions about the type of sound that will be made. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Vibration - Rapid and steady back and forth motion. 
Membrane - A thin, soft, flexible layer, often made by stretching a thin 

material tightly over an object. 
Volume - How loud or soft a sound is.   

!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 3 

 

For each student pair 
! LEGO Mindstorms Kit 

! (1) 9-inch balloon, un-inflated, with a 

slit cut in the side  
 
For the class 
! (2) packets of sugar substitute (e.g., 

Equal, Sweet & Low, etc.) 

! Pre-built LEGO drum example 

!!!!!!!!!!!! 
! Cut a slit from the opening to the 

round part of each balloon. 

! Build a LEGO drum example. 

! Arrange students in pairs. 

! Distribute Engineer’s Journals. 

 

!!!!!!!!!!!! 

PART I: Introduction and Exploration of Balloon Drumheads (15 min) 

1) Give students two to three minutes to talk with their partners and then 

write or draw their ideas about today’s exploration question: “How 
does a drum make its sound? How do you know?” Students should 

record their ideas in their Engineer’s Journal. 

2) Explain that today is part of the “research” phase of the engineering 

design process for their instrument challenge. Their investigation will 

focus on how drums make sounds that our ears can hear. When they 

design and build their final instruments, they will use the information 

they learn during their research. 

3) Explain that in this lesson, students will make miniature drums out of 

their LEGO triangles and balloons.  

4) Distribute pre-slit balloons and LEGO kits. 

Lesson 3 How are a sound’s vibration size and volume related? 

What Do Children Think about 
the Cause of Sound? 
 

Third-grade and younger children 

have many different ideas about 

how sounds are made. They 

include: 

! Sound is caused by blowing 

wind. 

! Musical sound is caused by 

pushing against instruments. 

! Sound comes in tiny pieces that 

blow off of instruments; these 

pieces are invisible, and they fly 

through the air. 

! Human actions, such as striking 

a drum, cause sound. The 

structure of the object being 

struck does not matter. 

! Once a sound has been created, 

it is a substance. It has weight 

and permanence. 

! Sounds are caused by vibrations 

(without any idea of what 

“vibration” means). 
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Note: Be sure students use 
connector pegs with friction 
(typically black) rather than 
axle-connector pegs 
(typically blue or beige), 
which will not sufficiently 
attach the balloon to the 
beam. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: For better results, 
you may suggest students 
use a pencil or LEGO 
beam for tapping on the 
stretched balloon. 
 
 
 
 
 
 
 
 

5) Ask students to follow along as you model the procedure for 

connecting a balloon membrane to a LEGO beam. One student in 

each pair should hold a LEGO beam in place. The other student 

should hold one edge of the balloon over the beam and place a black 

connector peg through the balloon and into a hole in the beam. Then, 

they should switch jobs and repeat the process so that the balloon is 

attached to the beam in at least two places. Students should only 

attach one side of the balloon to the beam in order to do the next 

activity. 

 

Figure 1. How to practice using a balloon 
as a drum membrane 
 

6) Once students have mastered 

attaching a balloon to a LEGO beam, 

have them investigate the effect of 

stretching the balloon membrane. 

Ask one student to hold the beam 

while the other student holds the 

opposite (unattached) end of the 

balloon membrane. Have this student 

gradually stretch out the balloon 

while the other student taps on the 

balloon membrane. Direct students 

to listen for the sound made by 

tapping on the balloon membrane. 

7) Tell students to switch who is holding the beam in place and who is 

stretching the balloon and listening so that each student has the 

opportunity to do both. 

8) Ask students, “How did the sound change as you stretched out the 
balloon?” Help students discover two main principles:  

a. The balloon needs a “tightness” (or tension) before it will make a 

decent musical sound. When the balloon is held loosely, it does 

not sound like a drum when it is tapped. (Later, students will learn 

Lesson 3 How are a sound’s vibration size and volume related? 

What Questions Might Students 
Ask During this Lesson? 

 

! Why won’t my partner let me 

build anything? You need to 
take turns putting pieces on 
your drum. After you add one 
piece, pass the drum and the 
LEGO kit to your partner for 
his or her turn. 

! How do we put the connector 

peg through the balloon? You 
don’t need to punch a hole in 
the balloon with the peg. Use 
the peg to push the balloon into 
one of the beam holes. 

! Why doesn’t our drum make 

any sound? Your balloon might 
not be stretched tightly enough. 
Make sure your shape is sturdy. 
THEN stretch your balloon 
around it, and add pegs to hold 
it in place. 
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ACTIVITY 

EXPLANATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STUDENTS’ 
INDEPENDENT 

ACTIVITY 
 
 
 
Note: If students have 
trouble making 
observations, suggest that 
they explore what happens 
when they put their ear 
closer to the drum or when 
they hold their ear to the 
table as they tap their drum. 

that this is because the balloon must vibrate to make a musical 

sound.  When it is too loose, it moves only in one direction when 

tapped, rather than repeatedly moving back and forth.) When 

building LEGO drums, students must be sure to stretch their 

balloon tightly enough.  

b. Once the balloon is stretched tightly enough to make a musical 

sound, the pitch of the sound increases as the tightness (or 

tension) of the balloon increases. The more tightly stretched the 

balloon, the higher the sound.  

 

PART II: Drum Building (20 min) 

9) Show students an example of a LEGO drum. The model should use a 

LEGO “sturdy triangle” as a frame, with a balloon membrane 

stretched over it and held in place with connector pegs. Point out the 

pieces used in the model LEGO drum. Remind students that they all 

built different sturdy triangles, so their drums will not be identical to 

each others or to the model.  

 

Figure 2. Example of LEGO drum with balloon drumhead. 
 

10) Review with students the steps for building their LEGO drums. These 

steps are listed in their Engineer’s Journal. 

11) Allow five to ten minutes for initial drum building. After this initial 

period, ask students to pause in their work so that you may address 

any common difficulties that students are experiencing. 

12) If students finish attaching their balloons earlier than others, suggest 

that they build a drumstick or a drum stand (or both). 

 

PART III: Vibration Observations and Discussion (20 min) 

13) When all students have built at least minimally functioning drums, 

direct students to clean up all LEGO pieces except those on their 

drums (and drumsticks if relevant), and place their LEGO kits on the 

floor. Only their drums and journals should remain on their desks. 

 

14) Explain that the class will now work together to investigate how 

Lesson 3 How are a sound’s vibration size and volume related? 
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Note: Sugar substitute is 
suggested rather than real 
sugar because substitute 
does not leave a sticky 
residue. It can be brushed 
off onto the floor and swept 
up at a later time. For 
additional assistance, 
provide each group with a 
paper plate to place their 
drum onto. 

 

 

 

 

MAKING SENSE 
OF THE ACTIVITY 

 
 
 

drums make sounds that our ears can hear. Direct students to play 

their drums and carefully observe the drums as they play. Can they 

see or hear any clues that tell them how their drum is making sounds?  

15) Ask for a few volunteers to share their observations. Then, 

acknowledge that it is difficult to observe how the drums make 

sounds if we use only our eyes and ears. Explain that you will now 

distribute a material that will make it easier to observe what the drum 

is doing. 

16) Walk around the room and sprinkle a few grains of sugar substitute 

onto each drum surface.  

17) Direct students to play their drums softly and carefully observe them. 

What happens to the sugar when the drum is played softy? What 

happens to the sugar when the drum is silent? Students should write 

and draw any observations on page 3-2 of their Engineer’s Journal. 

18) Finally, direct students to play their drums hard and observe what 

happens to the sugar. Students should write and draw any 

observations on page 3-3 of their Engineer’s Journal. 

19) Ask for volunteers to share their observations of the sugar-coated 

drums.  

20) Facilitate discussion to help students discover three main ideas: 

a. When the drum is making sound, the sugar bounces up and down 

rapidly. This rapid up and down (or back and forth) movement 

occurs because the drum membrane is also moving up and down. 

We call this kind of movement “vibration.” Vibration is 
required for any sound to happen. In fact, sound is always 

created by vibrating objects, liquids, or gases. That is, for our 
ears to hear a sound, some substance must be moving back 
and forth very rapidly. 

b. When the drum makes loud sounds, the sugar bounces and 

spreads around much more than it does when the drum makes 

quiet sounds. The sugar bounces and spreads more when the drum 

is loud because loud sound vibrations are BIGGER sound 
vibrations. The volume of a sound (how loud or quiet it is) 

depends on the size of its vibrations. The bigger an object’s 

vibrations, the louder its sound. 

c. The movements of the sugar particles show us that sound is a 
form of energy, which is the ability to cause change. How do you 

create bigger vibrations and louder sounds? You must put more 

effort or force into the vibrating object. To use the scientific term, 

you must input more energy. Bigger movements are caused by 

greater amounts of energy. (For example, it takes more gasoline, a 

type of chemical energy, to move a car 10 miles than it takes to 

move a car 10 feet.) Because louder sounds are created by bigger 

vibratory movements, it takes more energy to generate a loud 

Lesson 3 How are a sound’s vibration size and volume related? 
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  sound than to generate a quiet sound. Think about the 

difference between whispering and yelling. You put more effort, 

or energy, into yelling than you put into whispering. As a result of 

your increased energy, the sound vibrations are bigger, and thus 

the volume of the sound is louder.  

 

Larger vibrations " louder volume " more sound energy 

Lesson 3 How are a sound’s vibration size and volume related? 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Learning Objectives 
 
 
!!!!!!!!!!!! 
Teacher 
Background 
 
 
 
 
 
 
 
 
 
 
 

 
 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

This lesson expands on what students learned in Lesson 3 about the 

importance of vibrations to sound. The focus of the investigation shifts 

from the source of sound vibrations to the transmitter of sound 

vibrations. Students will continue to use the LEGO drums built in the 

previous lesson to explore the transmission of vibrations through air 

(gases), solids, and liquids. They will also build pan pipes to prepare for 

the investigation to be conducted in Lesson 5. 

! Thinking about how sounds travel from instruments to ears 

! Listening to LEGO drums through solids and liquids 

! Pan pipe building 

! Drawing a picture to represent sound travel 

! Class discussion about the transmission of sound vibrations 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
• Explain how sound vibrations are transmitted through solid, 

liquid, and gas mediums. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

For sound to travel from its source to a receiver, such as ears, a 

medium must be present. Gases (such as air), liquids (such as water), and 

solids (such as steel) are all mediums that can transmit sounds. Sound is 

not capable of being transmitted through empty space. 

For a medium to be a good transmitter of sound, it must be 

elastic. Elastic substances are able to transmit vibrations without losing 

much energy to friction or absorbing much energy. Imagine a blob of wet 

clay and a cube of steel. Your initial judgment might be that the wet clay 

is more elastic than the steel, in the everyday usage of the word “elastic.” 

However, if you put a finger into the clay, the dent does not bounce back. 

Instead, the clay absorbs the energy of your finger push. In contrast, the 

steel cube does not seem to be affected by your finger push at all. The 

steel, then, is more “elastic” in the scientific usage of the word, and it 

will transmit sound more quickly and without much loss.  

Air is also a good transmitter of sound. However, volume 

decreases more quickly when sound travels through air than through stiff 

solids. In air, sound moves outward in all directions, while in solids 

sound travels only in the direction of the solid object.  

Water is a more efficient transmitter of sound than air because 

sound travels faster in water. The speed of sound in liquids is faster than 

the speed of sound in gases, and the speed of sound in solids is faster 

than the speed of sound in liquids. 

 
Lesson 4 

What do sound vibrations travel 
through? 
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!!!!!!!!!!!! 
Vocabulary 
 
 
 
 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Materials 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Preparation 
 
 
 
 

 
 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Vibration – Rapid and steady back and forth motion. 
Transmission – The process of passing through a space or carrying 

through a space. 
Solid – The form of matter that has shape and hardness. 
Liquid – The form of matter that can flow easily and takes on the shape 

of any container into which it is poured. 
Gas – The form of matter that can move about freely, does not have a 

definite shape, and expands to fill any container in which it is trapped. 
Medium – A substance which carries energy or another substance. 
Pan Pipe – A musical instrument made up of several short pipes of 

different lengths and played by blowing air across the top. 
Percussion Instrument – Any musical instrument whose vibrations are 

caused by tapping or hitting. 
Wind Instrument – Any musical instrument whose vibrations are caused 

by moving air. 

!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 4  

! 5 large drinking straws, at least 8 

mm in diameter  
! 12-inch length of Scotch tape or 

masking tape 

 

For each student pair 
! At least one pair of scissors 
! LEGO drum from Lesson 3 
 
For the class 
! Pre-built pan pipe example 

! Bowl of water deep enough for a 

sample LEGO drum to fit inside 

(kept at materials table, not taken to 

students’ desks; students will use the 

water with the teacher) 
! Paper towels placed next to bowl of 

water 

! Stethoscope 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

! Fill large bowl with water  

! Place bowl, stethoscope, and sample LEGO drum on a separate table or 

desk. 

! Build a pan pipe example. 

Lesson 4 What do sound vibrations travel through? 
 

What Do Children Think 
about the Transmission of 
Sound Vibrations? 
 

A third-grade student might 

hold one or more of these 

beliefs about sound 

transmission: 

! Sounds can only travel 

through air. 

! When sounds pass through 

walls or furniture, it is 

because the walls or furniture 

actually have many tiny holes 

in them. 

! Sounds are emitted from their 

source directly to people’s 

ears. 

! Sounds travel from person to 

person in series. 

! Sounds can only travel 

through solids when they are 

“stronger” than the solid. 
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!!!!!!!!!!!! 
Instructions for 
Teachers 
 

GETTING 
STARTED  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

! Arrange students in pairs. 

! Distribute Engineer’s Journals. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

PART I: Introduction and Continued Drum Explorations (15 min) 

1) Give students two to three minutes to talk with their partners and then 

write or draw their ideas about today’s exploration question: “How 

does a musical instrument’s sound get from the instrument to our 

ears?” Students should record their ideas in their Engineer’s Journal. 

2) Explain that today is another part of the “research” phase of the 

engineering design process for their instrument challenge. Their 

investigation will focus on the question of how sound travels to our 

ears. Students will continue to use their LEGO drums and will make a 

wind instrument called a “pan pipe” out of drinking straws and tape. 

3) Direct students to retrieve their 

LEGO drums from the previous 

lesson, but leave all other LEGO 

pieces in their kits. 

4) Ask students: “What material does 

the drum’s sound travel through to 

get from the drum to your ears?” 

Call on student volunteers until a 

student names air as the material. 

Help students recognize that the 

drum’s sounds travel through the air 

that exists between the drum and 

their ears. 

5) Next, ask students if they think the drum’s sound can travel through 

their desks as well as through the air. Direct students to test their 

predictions with the following procedure: Place the LEGO drum at 

one edge of your desk. Press one ear to the desk as far away from the 

drum as possible. Plug your other ear closed with your hand. Listen 

carefully through your ear on the desk. Can you hear the drum 

through the desk? 

6) Ask students if a desk is a solid, liquid, or gas material. Help students 

recognize that desks are solid, and explain that they now have 

evidence that sound can travel through solids as well as through gases 

(you might need to remind students that air is a gas).  

7) Next, ask students if they think the drum’s sound can travel through 

water as well as through the desk and the air. Explain that students 

will test their predictions with the following procedure: When your 

group is called, go to the materials table and place a drum in a large 

bowl of water. Then place the probe (disk-shaped end) of the 

Lesson 4 What do sound vibrations travel through? 
 

What Questions Might Students 
Ask During this Lesson? 

 

! How short should I cut the 

straws? You may choose any 
length for each straw as long as 
you end up with five different 
lengths. 

! Why won’t my pan pipe make 

music?  You might be blowing air 
INTO the straw instead of 
ACROSS it. Pretend that you are 
blowing out a candle on the other 
side of the top of the straw. 
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Note: Students will notice 
that if they play the drum in 
the water but hold their ear 
in the air (rather than up to 
the stethoscope ear pieces), 
they will not hear the 
vibrations from the drum. 
The drum vibrations make 
the water vibrate, but the 
vibrating water does not 
cause the surrounding air to 
vibrate. This is because the 
water vibrations bounce 
back into the water when 
they hit the water surface. 
The vibrations do not cross 
the water-air barrier. 
 
 

ACTIVITY 
EXPLANATION 

 
 
 
Note: This science drawing 
is actually the focal activity 
for the concluding class 
discussion later in the 
lesson. It is mentioned at 
this point only so you know 
it can be used to keep 
students busy while 
everyone finishes their pan 
pipes and their water table 
visits.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

stethoscope in the water. Finally, take turns putting the stethoscope 

ear pieces in your ears and listening for the drum sound. Can you hear 

the drum through the water? 

8) Ask students if water is a solid, liquid, or gas material. Help students 

recognize that water is liquid, and explain that after they have a 

chance to listen to their drums through water, they will have evidence 

that sound can travel through liquids as well as through solids (like 

their desks) and gases (like air). 

9) Explain that you will call student pairs to the testing table while they 

are working on the next activities, pan pipe building and science 

drawing. 

 

PART II: Sound Vibration Drawing and Pan Pipe Building (25 mins) 

10) Before students begin visiting the drum-in-water station, explain the 

independent work they will do as they wait to be called. 

11) The first part of their independent work is today’s “science drawing” 

assignment. Students should choose one medium – solid, liquid, or 

gas – and draw a picture that shows how they think sound travels 

through that medium on page 4-2 of their Engineer’s Journal. 

12) Explain that when students finish the drawing assignment, they may 

begin constructing the pan pipe that will be used in Lesson 5. 

 

 

Figure 1. Straw-and-tape pan pipe. 
 

13) Explain that the pan pipe is an example of a wind instrument, which is 

any instrument whose vibrations are created by air blowing against a 
tube. The LEGO drum is a percussion instrument, which is any 

instrument whose sound is created by tapping or hitting a membrane.  

14) Review with students the directions for building pan pipes. These are 

listed on page 4-3 of their Engineer’s Journal. Each student will 

receive five drinking straws. Their task is to: (1) Cut the straws to five 

different lengths. (2) Lay the piece of tape on the desk, with its sticky 

side up. (3) Place the straws on the tape, in order from longest to 

Lesson 4 What do sound vibrations travel through? 
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STUDENTS’ 
INDEPENDENT 

ACTIVITY 
 
 
 
 
 
 
 

MAKING SENSE 
OF THE ACTIVITY 

 
 
 

shortest, with about a one-inch space between each straw. The top 

openings of the straws should be level with each other, as shown in 

Figure 1. (4) Fold the rest of the tape over the line of straws to hold 

them in place. 

15) Reiterate that as students do their independent work, they are 

exploring the ideas that: 

a. Sound is made by vibrations. 

b. Those vibrations can travel to our ears through gases (such as air), 

liquids (such as water), and solids (such as desks).  

c. However, sound vibrations cannot travel through empty space. 

d. Scientists sometimes refer to gases, liquids, and solids as the 

mediums of sound travel. A medium for sound is any material or 

“stuff” through which sound can travel. 

e. Scientists sometimes refer to sound travel as sound transmission. 

When sound vibrations travel from a musical instrument to our 

ears, those vibrations are being transmitted. 

16) Distribute drinking straws, scissors, and tape to student pairs.  

17) Allot five to ten minutes for initial drawing and building, and then ask 

students to pause so you can address any common difficulties. 

18) While students are building and drawing, call on one pair at a time to 

complete the sound-through-water test with the drum and bowl of 

water. 

 

PART III: Observations and Discussion (15 min) 

19) After all students have completed their drawings and visited the water 

and drum table, gather students together for a concluding discussion. 

20) State that this lesson was a chance to observe how sound travels 

through different mediums. Review with students that a medium is 

any solid, liquid, or gas. Ask students to identify the medium of 

sound travel in three different cases: 

a. Through what kind of medium did sound travel when we listened 

to our drums through our desks? (Solid) 

b. Through what kind of medium did sound travel when we listened 

to a drum through the bowl of water? (Liquid) 

c. Through what kind of medium did sound travel when we played 

our drums normally? (Gas) 

21) Review the other two main ideas from the lesson:  

a. The vibrations at the source of a sound can travel to our ears 

through gases (most commonly air), liquids (such as the water in 

a swimming pool), or solids (such as a desk or the ground). 

b. The source of a sound can be a visibly vibrating object, such as 

the membrane of a drum, or an invisibly vibrating system, such as 

Lesson 4 What do sound vibrations travel through? 
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Note: One way to store 
the pan pipes is to give 
each student a plastic 
bag and get them to label 
it with their names.  This 
helps them remember 
which pan pipe is theirs. 

the air in a pan pipe. 

22) Direct students to the box in their Journal that asks them to create a 

“science drawing and explanation” that describes how sound travels 

through a solid, a gas, or a liquid. 

23) Conclude the lesson by asking students to disassemble their LEGO 

drums and clean up any loose LEGO pieces. They will need the 

pieces from their drums when they construct the next lesson’s 

musical instrument. You may want to designate a location for the pan 

pipes as well. The pan pipes will be used in the next lesson. 

Lesson 4 What do sound vibrations travel through? 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Learning Objectives 
 

 

 
!!!!!!!!!!!! 
Teacher 
Background 
(This background 
information applies both 
to Lesson 5 and to 
Lesson 6.) 
 
 
 
 
 
 
 
 
 
 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

This lesson is the first of two that focus on the pitch of sound. Students 

will explore the effect of length and thickness on pitch by building a two-

string guitar with a rubber band and a LEGO frame. The strings will have 

different thickness to allow students to observe the effect of thickness on 

pitch. They will use connector pegs as guitar frets, which will allow them 

to vary the length of the guitar string without changing its tension. 

! Thinking about how a single musical instrument can make both 

high-pitched and low-pitched sounds 

! Using building instructions to construct one-string LEGO guitars  

! Experimenting with guitar “frets” 

! Experimenting with the length of guitar bands and pan pipes 

! Changing the thickness of the guitar strings 

! Class discussion about pitch, length, and thickness 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
! Indicate that pitch is determined by the speed of vibrations. 

! Discuss the effect on pitch of changing the length or thickness of 

a vibrating object. (Longer objects have lower pitches; thicker 

objects have lower pitches.) 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Sound is generally measured by the number of vibrations per 

second produced by a vibrating body or source. If a vibration occurs at a 

steady number of vibrations per second, the musical effect produced is 

known as a pitch, tone, or note. The faster an object vibrates, the higher 

the pitch.  The slower an object vibrates, the lower the pitch.  

The physical properties of vibrating objects determine how the 

pitch of one object compares to the pitch of another. Smaller, thinner, or 

tighter vibrating objects are higher in pitch and, conversely, larger, 

thicker, and looser vibrating objects are lower in pitch. For example, 

when rubber bands of equal length and thickness, but unequal tension are 

plucked, the tighter band will produce a sound with a higher pitch. The 

additional tension in the band causes it to vibrate faster, and these faster 

vibrations are perceived by our ears and brains as higher-pitched sound. 

Similarly, when rubber bands of equal length and tension, but unequal 

thickness are plucked, the thinner band will vibrate faster and thus 

produce a sound with a higher pitch. Finally, when rubber bands of equal 

tension and thickness, but unequal length are plucked, the shorter band 

will vibrate faster and create a higher-pitched sound.  

 
Lesson 5 

How do length and thickness affect 
pitch? 
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!!!!!!!!!!!! 
Vocabulary 
 
 
 
 
 
 
 
 
 
 
 

 
!!!!!!!!!!!! 
Materials 
 
 

We can also use the example of “musical cups” to consider how 

physical properties affect pitch. When glasses are filled with water, they 

can become musical sound sources. The pitch of the sounds can be 

controlled by the amount of water in the cups. Consider the four cups 

below. 

 

         A     B        C  D 

 

When someone blows over the top of the cups, cup A will have 

the highest pitch. Blowing over the top of the cups causes the air column 

at the top of the cup to begin to vibrate. With the shortest air column, cup 

A will produce the sound with the highest pitch. Since cup D has the 

longest air column, it will produce the lowest-pitched sound. 

The cups also produce sound when someone strikes them with a 

spoon. The glass or material out of which the cup is made is the source of 

vibrations. The more water in the cup, the more difficulty the glass will 

have vibrating, and the slower its vibrations will be. Cup D, with the least 

water, will vibrate the fastest and produce the highest-pitched sound. Cup 

A, with the most water, will vibrate the slowest and produce the lowest-

pitched sound. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Vibration - Rapid and steady back 

and forth motion. 
Guitar – A musical instrument with 

a hollow space and long vibrating 

strings.  The strings are plucked or 

strummed to make noise. 

Guitar Fret – One of the short 

raised bars on the arm of a guitar 

that is pressed to prevent a portion 

of a guitar string from vibrating. 
Pitch – How high or low a sound is. 
Stringed Instrument – Any 

instrument that is played by 

plucking, striking, or sliding a bow 

across tense strings. 

!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 5  

 

Lesson 5 How do length and thickness affect pitch? 

What Do Children Think about the 
Pitch of Sounds? 
 

! Some elementary school students 

think that “vibration” refers to just 

one exact motion, of a particular 

size and speed. Consequently, they 

think that all sounds vibrate with the 

same speed and magnitude. 

!  Other students think that increasing 

the speed of vibrations will increase 

both the pitch and volume of a 

sound. In other words, faster implies 

higher and louder. 

! Some students assert that the only 

way to change the pitch of a sound 

is to change the material that is 

creating it. 

! Many third-graders have difficulty 

distinguishing between high and low 

pitch. They often equate the words 

“higher pitch,” with “louder sound,” 

and will pick the louder sound when 

you ask which sound is higher. 
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!!!!!!!!!!!! 
Preparation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Instructions for 
Teachers 

GETTING 
STARTED  

 
Note: You might also 
remind students of the high-
pitched and low-pitched 
sounds that they made 
during Lesson 1. 

For each student pair 
! LEGO Mindstorms Kit 

! (1) 3 ½” x ¼” (90 mm x 6 mm) rubber band (size #64) 
! (1) 2 ½” x 1/16” (63.5 mm x 1.5 mm) rubber band (size #16) 
 
For the class 
! Instrument or audio CD to demonstrate high-pitched and low-pitched 

sounds 

!!!!!!!!!!!! 
! Obtain an instrument, audio CD, or computer file that will allow you to 

play both a high-pitched and a low-pitched sound. 

! Build an example of a one-string fretted LEGO guitar. 

! Arrange students in pairs. 

! Distribute Engineer’s Journals. 

! For each student pair: 

o Cut open one #64 and one #16 rubber band. 

o Tie one end of each band through one of the holes in a pulley (it is 

easier to do different holes for each band). 

o Tie the other end to a long (10 or 12-stud) axle  

 

!!!!!!!!!!!! 

PART I: Introduction (10 min) 

1) Begin with a demonstration of two sounds that are similar in all 

qualities except for having different notes. Use a musical instrument, 

computer, audio CD, or other noisemaker to play a low-pitched sound 

and a high-pitched sound. Ask students to describe the difference 

between the two sounds.  

 

 

Lesson 5 How do length and thickness affect pitch? 
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Note: You might suggest 
that another way to ask this 
question is, “What makes it 
possible for one musical 
instrument to play more 
than one note?” 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

ACTIVITY 
EXPLANATION 

 
Note: When you “review” 
the building instructions, 
you might want to: (a) point 
out the picture of all the 
required parts, (b) suggest 
that students come up to 
look at the 3D example if 
they have trouble 
understanding the 2D 
pictures. 

 
 

STUDENTS’ 
INDEPENDENT 

ACTIVITY 
 

Note: If students are having 
trouble with cooperative 
building, you might suggest 
that they take turns 
completing the steps in the 
building instructions. You 
might also suggest that each 
student builds one side of 
the guitar frame. 

2) Give students two to three minutes to talk with their partners and then 

write or draw their ideas about today’s exploration question: “What 
makes different sounds have different notes?” Students should record 

their ideas on page 5-1 of their Engineer’s Journal. 

3) After hearing some ideas, clarify for students that we can use the 

word pitch to describe whether a sound is high or low. The main 

difference between the two sounds that you played earlier was that 

they had different pitches. 

4) After students seem to have an understanding of the term pitch, 

explain that today is another part of the “research” phase of the 

engineering design process for the musical instrument challenge. 

Students will build a two-string LEGO guitar and use it to test their 

ideas about how different pitches are made. 

5) Display your example of a finished one-string rubber-band LEGO 

guitar. Direct students to the building instructions found in their 

Engineer’s Journal.  

 

Figure 1. Sample rubber-band guitar with LEGO connector peg frets. 
6) Review with students the instructions 

for building one-string rubber-band 

guitars. Students will build a LEGO 

frame with connector peg “frets.” 

Then, they will stretch the rubber 

bands across the frame and 

investigate how the use of frets 

changes the pitch of the guitar. 

7) Distribute a LEGO Mindstorms kit 

and an axle connected to one #64 

rubber band (3 ½” x ¼”) and one #16 

rubber band (2 ½” x 1/16”), attached 

to a wheel to each student pair. 

 

PART II: Guitar Building (20 min) 

8) Allot five to ten minutes for initial building, and then ask students to 

pause so you can address any common building difficulties. 

 

Lesson 5 How do length and thickness affect pitch? 

What Questions Might Students 
Ask During this Lesson? 
 

! Where should the connector peg 

“frets” go in the guitar? You 
may insert your frets into any  
holes that you like, as long as 
there are four pegs spaced 
along the length of the guitar  

. 
! Why does my guitar bend in 

half when I add the rubber 

band? You might have attached 
the long beams to each other 
with only one connector peg. 
Each set of two beams should 
be connected with three pegs. 
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MAKING SENSE 

OF THE ACTIVITY 
 

PART III: Observations and Discussion (25 min) 

9) Direct students to clean up all LEGO pieces except those on their 

guitars, and place their LEGO kits on the floor. Only their guitars, 

pan pipes, and journals should remain on their desks. 

10) Demonstrate one method for playing the guitar. (These instructions 

are found on page 5-6 of their Engineer’s Journal.) Use one finger to 

press the rubber band against one connector peg fret. With one finger 

of the other hand, pluck the rubber band in between the chosen fret 

and the raised axle. Always pluck the raised part of the rubber band. 

 

 

 

11) Direct students to first take turns experimenting with plucking only 

the thicker (#64) ‘string’ of the guitar as the band is pressed against 

different frets. Ask them to listen carefully to the sound made by the 

rubber band when they press down on different frets.  

12) After students have a few minutes to experiment, facilitate discussion 

about their observations.  

a. Ask students what changes about the guitar’s sound when they 

use different frets. Help them recognize that the pitch of the 

Lesson 5 How do length and thickness affect pitch? 
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Note: This is an opportunity 
to explain that in a wind 
instrument, it is not the 
instrument itself that 
vibrates (like the strings on 
a guitar or the membrane of 
a drum). Instead, the air 
inside the wind instrument 
vibrates. The air vibrations 
are tge source of the 
instrument’s musical 
sounds. 
 

sound is different for each fret. The highest pitch occurs when 

the rubber band is pressed against the fret closest to the plucked 

part (i.e., when the vibrating band is the shortest). The lowest 

pitch occurs when the rubber band is pressed against the fret 

farthest from the plucked part (i.e., when the vibrating band is the 

longest). 

b. Ask students what they are changing about the rubber band as 

they press down on different frets. Help students recognize that 

they are changing the length of the vibrating part of the 
rubber band. A general rule for pitch is: the longer the length 
of the vibrating object, the lower the pitch of its sound. 

c. Ask students to look carefully at the rubber band’s vibrations first 

when no fret is pressed and then when the fret closest to the 

plucked portion is pressed. They should notice that the band 

vibrates slower when it is longer and faster when it is shorter. 

This observation gives evidence that pitch depends on the speed 
of sound vibrations: the slower the vibrations, the lower the 
pitch. 

13) Direct students to now take turns experimenting with plucking the 

thinner (#16) ‘string’ of the guitar as the band is pressed against 

different frets. Ask them to listen carefully to the sound made by the 

rubber band when they press down on different frets. 

14) Direct students to play their guitars and listen carefully for the 

difference between the sounds of the two rubber bands.  Direct 

students to experiment until they can fill in page 5-7 of their 

Engineer’s Journal. 

15) After students have a minute or so to experiment, facilitate discussion 

about their observations.  

a. Ask students what is different about the sounds of the two rubber 

bands. Help them recognize that when equal lengths are plucked, 

the thicker rubber band has a lower-pitched sound than the 
thinner rubber band. 

b. Another general rule for pitch is: the thicker the vibrating 
object, the lower the pitch of its sound. 

c. Ask students which band is vibrating faster. Help them recognize 

that because the thinner band has a higher pitch, its vibrations are 

faster. 

16) Now shift to exploring the different pitches produced by the pan 

pipes. Distribute the pan pipes built in Lesson 4. 

17) Demonstrate how the pan pipe is played. The player must blow air 

across the top of the straws rather than into the straws. 

18) Direct students to experiment with their pan pipe’s sounds, and use 

their observations to fill in page 5-8 of their Engineer’s Journal. 

Lesson 5 How do length and thickness affect pitch? 
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20) As students clean up, be sure to save the guitars for Lesson 6. 

c. When you make a guitar string thicker, how does the pitch of the 

string change? (The thicker a vibrating string, the lower its pitch.) 

a. If sounds are always made by vibrations, what is the difference 

between a high-pitched vibration and a low-pitched vibration?  

(Higher-pitched sound vibrations are faster than lower-pitched 

sound vibrations.) 

b. When you make the length of a guitar string or a pan pipe straw 

longer, how does the pitch of the sound change? (The longer a 

vibrating string or tube of air, the lower its pitch.)  

19) Conclude the lesson by clarifying today’s three main conclusions 

about guitar design, pan pipe design, and pitch. 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Learning Objectives 
 
 
 
!!!!!!!!!!!! 
Teacher 
Background 
!!!!!!!!!!!! 
Vocabulary 
 
 
 
 
 
!!!!!!!!!!!! 
Materials 
 
 
 
 
 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

This lesson is the second of two that focus on the pitch of sound. 

Students will explore the effect of tension on pitch by building a one-

string guitar with a rubber band, LEGO frame, and LEGO motor. They 

will wind one end of the rubber band around an axle attached to the 

LEGO motor. The motor will allow them to vary the tension of the guitar 

string without changing its length or width. 

! Predicting the effect of tension on pitch 

! Constructing motorized one-string LEGO guitars  

! Introduction to the NXT 

! Experimenting with the motorized guitars 

! Class discussion 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
• Indicate that pitch is determined by the speed of vibrations. 

• Discuss the effect on pitch of changing the tension of a vibrating 

object. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

(See Lesson 5 Teacher Background.) 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Tension – The condition of being stretched tightly. 
Motor – A machine that produces spinning motion for doing work. 
Vibration - Rapid and steady back and forth motion. 
Guitar – A musical instrument with a hollow space and long vibrating 

strings.  The strings are plucked or strummed to make noise. 
Pitch – How high or low a sound is. 
!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 6  

 

For each student pair 
! LEGO Mindstorms Kit 

! Guitar from Lesson 5 
 

 

 

 
Lesson 6 

 
How does tension affect pitch? 
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!!!!!!!!!!!! 
Preparation 
 
 
 
 
 
 
 
 
 
 
 
 

!!!!!!!!!!!! 
Instructions for 
Teachers 
 

GETTING 
STARTED  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!!!!!!!!!!!! 

! Take the thinner (#16) rubberband off students’ guitars from Lesson 5. 

! Open the “Guitar.rbt” program using the NXT-G software (on your PC 

or Mac). This program is on your unit CD, and pictured on pg. 6-6.  

! Download the “Guitar.rbt” program onto each student pair’s NXT. This 

program waits for a touch sensor (in port 1)  to be tapped, and then it 

winds the NXT motor (in port A) four and a half times around (1620 

degrees). This tightens the rubber band. The program waits for the 

touch sensor to be tapped again, and then it unwinds the motor an 

increment of 270 degrees. This loosens the rubber band a bit. After each 

of five more touch sensor taps, the program unwinds the motor 270 

more degrees. The motor and rubber band end up back at their starting 

positions. 

! Build an example of a motorized rubber-band LEGO guitar. 

! Display the poster with instructions for using the NXT (see Figure 2). 

! Arrange students in pairs. 

! Distribute Engineer’s Journals. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

PART I: Introduction (10 min) 

1) Begin by giving students two to three minutes to talk with their 

partners and then write or draw their ideas about today’s exploration 

question: “Which would make a higher-pitched sound, a loose rubber 
band or a tight rubber band? Why do you think so?” Students should 

record their ideas in their Engineer’s Journal. 

2) Explain that today is another part of the “research” phase of the 

engineering design process for the musical instrument challenge. 

Students will build a motorized LEGO guitar and use it to learn more 

about how different pitches are made. 

3) Display your finished motorized rubber-band guitar. Direct students 

to the building instructions in their Engineer’s Journal. 

 

 

Lesson 6 How does tension affect pitch? 
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ACTIVITY 
EXPLANATION 

 
Note: Step #5, in which 
students use an axle to 
secure the motor to the 
guitar frame, is an 
important step for students’ 
safety. It prevents the motor 
from spinning away from 
the guitar frame. 

 
 

 
 

STUDENTS’ 
INDEPENDENT 

ACTIVITY 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Figure 1. Motorized rubber-band guitar with attached NXT. 
 

4) Review the instructions for building 

motorized rubber-band guitars with 

students. Students should place the 

NXT motor, with the dark gray part 

facing up, next to the long axle in the 

back end of the guitar that was created 

in lesson 5. Students should push the 

axle into the middle of the “orange” 

part of the motor (Labeled A in Fig. 1). 

5) Instruct students to then insert one 

long axle through the middle hole at 

the bottom of the motor and the guitar 

beams (Labeled B in Fig. 1). 

 

PART II: Guitar Building (10 min) 

6) Allot five to ten minutes for building. 

7) Students who finish building early can 

experiment with their guitar by 

tightening the rubber band (winding it 

around the axle) by hand. 

 

PART III: Introduction to the NXT (15 min) 

8) Direct students to retrieve the NXT, a touch sensor, and two 

connector cables from their LEGO kits. Then, they should place their 

LEGO kits on the floor. Only the NXT, connector cables, touch 

sensor, guitar, and journal should remain on their desks. 

9) Explain that the NXT is a small computer used to control LEGO 

electronics. Students will use it in this lesson to control their 

motorized guitars. It has already been programmed (i.e., loaded with 

instructions) specifically for the guitars. 

10) Explain the use of the four NXT buttons. The orange square turns on 

the NXT and works like the “Enter” key to select whatever is boxed 

in on the display screen. The dark gray rectangle goes back to the 

previous menu. The light gray arrow keys move the selection box to 

the right and left. 

Lesson 6 How does tension affect pitch? 
 

What Questions Might 
Students Ask During this 

Lesson? 
 

! How much can I wind the 

rubber band? To avoid 
snapping the rubber band 
(and hurting yourself), you 
should stop winding after 
four or five full turns. 

 

 

! Why won’t our motor spin 

when we press the touch 

sensor? Are you sure you 
plugged the cable both into 
the motor AND into port A?  
And did you press the orange 
button enough times to start 
running the program?  
And did you press the touch 
sensor GENTLY? 
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Note: To review the steps 
for running a program, you 
might (a) read through each 
step before passing out 
NXT‘s, (b) pass out NXT’s 
and then complete each step 
as a whole class, (c) pass 
out NXT’s and ask students 
to work with their partners 
and use the poster 
directions on their own. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Students must use 
Port “A” and Port “1” 
or else the program will 
not operate correctly. 

 
 
 
 
 
 
 
 
 
 

Lesson 6 How does tension affect pitch? 
 

Figure 1. Motorized rubber-band guitar  11) Using a poster such as the one shown in Figure 2, direct students 

through the steps for running the “guitar” program. The poster 

provided for the class is general so it can be referred to for many 

programs. Figure 2 provides the specific instructions for your 

reference. 

 

 

Figure 2. Sample instructions poster for running the “guitar” NXT program. 
 

12) After students have mastered the sequence of buttons for running the 

program, direct them to plug their guitar motor into Port “A” of the 

NXT and their touch sensor into Port “1” of the NXT. 

13) Demonstrate how students should use the touch sensor during the 

program to command the motor to rotate past its first 180-degree 

turn. 

14) Help students practice using the NXT and touch sensor to wind and 

unwind their rubber band around their motor wheel. 

 

PART IV: Observations and Discussion (20 min) 

15) Demonstrate how to play the motorized guitar. Set the rubber band to 

its starting position and pluck the rubber band. Then, run the NXT 

program and push the touch sensor so that the motor winds four and a 

half times around (1620 degrees). Pluck the rubber band again and 

emphasize that you are listening carefully to its sound. Push the touch 

sensor so the motor unwinds a three-quarter turn (270 degrees). Pluck 
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MAKING SENSE 
OF THE ACTIVITY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the rubber band and again listen to its sound. Repeat this process of 

unwinding and plucking until the motor and rubber band return to 

their starting position. 

16) Direct students to take turns plucking the guitar and pressing the 

touch sensor to wind the band around the motor wheel. Ask them to 

listen carefully to the sound made by the rubber band as it winds and 

then gradually unwinds around the motor wheel.  

17) After students have had roughly two minutes to experiment, facilitate 

discussion about their observations.  

a. Ask students what changes about the guitar’s sound as the band 

winds around the motor wheel. Help them recognize that the 
pitch of the sound gets higher as the band winds around the 
wheel. The highest pitch occurs when the largest amount of band 

is wound around the wheel (i.e., when the band is stretched the 

tightest). 

b. Ask students what they are changing about the rubber band as 

they wind the motor. Help students recognize that they are 
changing the tension (tightness) of the vibrating part of the 
rubber band. A general rule for pitch is: the more tension (the 
tighter) the vibrating object, the higher the pitch of its sound. 

c. Ask students to look carefully at the rubber band’s vibrations, 

first when the band is completely loose and then when the band is 

stretched as tightly as possible. They should notice that the band 

vibrates slower when it is looser, and faster when it is slower. 

This observation gives more evidence that pitch depends on the 
speed of sound vibrations: the slower the vibrations, the lower 
the pitch. 

18) Direct students to use their new knowledge about tension and pitch to 

fill in page 6-3 of their Engineer’s Journal. 

19) Conclude the lesson by clarifying today’s two main conclusions 

about guitar design and pitch: 

a. When you tighten a guitar string by winding it around a wheel, 

how does the pitch of the string change? (The tighter a vibrating 

string, the higher its pitch. In other words, the more tension in a 

vibrating object, the higher its pitch.) 

b. If sounds are always made by vibrations, what is the difference 

between a high-pitched vibration and a low-pitched vibration? 

(Higher-pitched sound vibrations are faster than lower-pitched 

sound vibrations.) 

20) Disassemble guitars and clean up. 

Lesson 6 How does tension affect pitch? 
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Motorized Guitar Programs 
 

NXT-G 

The program pictured below is provided on the module CD. It was created in NXT-G, with the “Loop 

Forever” icon, “Wait For Touch” icon, and the “Motor” icon. 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Learning Objectives 
 
 
 
!!!!!!!!!!!! 
Teacher 
Background 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Students will build a LEGO rattle, or maraca, and will measure its noise 

output with a LEGO NXT sound sensor. Then, they will investigate what 

happens when they muffle the maraca with their hands. The hand muffler 

activity is intended to help students explore how sound can be absorbed, 

reflected, or transmitted as it travels away from its source. 

! Thinking about the “journey” of a sound vibration 

! Constructing LEGO maracas  

! Testing the maraca’s sound level with and without hand muffler 

! Class discussion about the absorption, reflection, and transmission 

of sound energy 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
• Predict if a sound will be reflected, absorbed, or transmitted 

through a given medium. 

• Explain that sound is a form of energy. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

One way to define sound is as a form of energy produced by a 

vibrating object. This sound energy is transferred from a vibrating source 

to a sound receiver. It can be transferred through air, water, or solid 

material, via vibrations. All sounds have energy, but different sounds 

have different amounts of energy. In general, loud sounds always have 

more energy than quiet sounds.  

When sound is effectively transferred from source to receiver, we 

say that the sound is being transmitted. Sound energy may also be 

reflected or absorbed. To determine which of these three actions occur, 

we must consider the materials in the vicinity of the sound source.  When 

there are large, flat surfaces near the sound source, the sound is often 

reflected, and echoes (reflections) of the sound can be heard. Smooth and 

shiny surfaces reflect more sound than rough and dull surfaces. 

As sound travels though any medium, there is some loss due to 

absorption. Sound absorption occurs when the particles in a medium take 

on the energy of the sound vibration instead of passing the vibration 

along to the next particles. Soft, airy materials are particularly prone to 

sound absorption, including drapes, curtains, foam ceiling tiles, soft 

furnishings, rugs, and most concert hall wall panels. When these 

materials are nearby a sound source, some of the sound will likely be 

absorbed. 

 

 
Lesson 7 

What happens when a sound is reflected, 
absorbed, or transmitted? 
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!!!!!!!!!!!! 
Vocabulary 
 
 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Materials 
 
 
 
 
!!!!!!!!!!!! 
Preparation 
 
 
!!!!!!!!!!!! 
Instructions for 
Teachers 
 

GETTING 
STARTED  

 
 

 
 
 
 
 
 
 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
Maraca – A percussion instrument played by shaking and traditionally 

made from a dried, squash-like vegetable containing dried seeds. The fast 

movement of the seeds inside the hollow container creates a rattling 

sound. 
Volume – How loud or quiet a sound is. 

Energy – The ability to make things happen or changes happen. 

Sound Energy – The energy created by vibrating objects or vibrating air.   
Absorb – To take in or soak up. 
Reflect – To bounce back 

light, heat, or sound. 

Transmit – To pass through a 

space or material, or to carry 

through a space or material. 
!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 7  

 

For each student pair 
! LEGO Mindstorms Kit 

 

!!!!!!!!!!!! 
! Build at least two sample LEGO maracas. 

! Display the poster with instructions for using the NXT (see Figure 2). 

! Arrange students in pairs. 

! Distribute Engineer’s Journals. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

PART I: Introduction (5 min) 

1) Begin by giving students two to three minutes to talk with their 

partners and then write and draw their ideas about today’s exploration 

questions: “Imagine you are at a trumpet concert. What happens to 
the sound between the trumpet and the audience? What happens if a 
curtain is added between the trumpet and audience?” Students should 

record their ideas on page 7-1 of their Engineer’s Journal. 

2) Explain that today is the final part of the “research” phase of the 

engineering design process for the musical instrument challenge. 

Students will build maracas and use them to learn more about what 

happens to sound vibrations after they leave their source. 

 

PART II: Maraca Building (20 min) 

3) Display a sample LEGO maraca. 

Lesson 7 What happens when a sound is reflected, absorbed, or transmitted? 
 

What Do Children Think about Sound 
Absorption, Reflection, and Transmission? 
 

Children’s ideas include: 

! When we can hear sounds made in another 

room, it is because the sound travels 

through the door lock and under the door. 

! When sounds are made inside boxes, they 

have to fight with the box walls to get out. 

Only the strongest (loudest) sounds get out. 

! When sounds pass through solids, it is 

because there are tiny holes in the solids. 

For example, there are tiny holes in the 

walls, desks, floors, and chairs. 

! When we hear echoes, sound is traveling 

through the air in curved arch shapes. 
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ACTIVITY 
EXPLANATION 

 
 
 
 
 
 
 
 
 
 
 

STUDENTS’ 
INDEPENDENT 

ACTIVITY #1 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Sample LEGO maracas. 
 

4) Review with students the instructions 

for building their maracas. Students 

will use the “sturdy box” they 

constructed during lesson 2: Sturdy 

Shapes. Instruct students to select small 

LEGO pieces for noisemakers to be 

placed in the box. Students will also 

need to build a cover for the sturdy 

LEGO box. These instructions are 

listed on page 7-2 of their Engineer’s 

Journal.  

5) Explain that if students finish building 

their maracas before others, they 

should try to build another maraca, 

with a different design. 

6) Explain that after students have built 

their maracas, they will test their 

maraca’s volume with the LEGO sound 

sensor. They will play the maracas with 

and without covering it with their 

hands, and compare the sound level 

measured by the sensor in each case. 

7) Allot five to ten minutes for initial 

maraca building, and then ask 

students to pause so you can address 

any common building difficulties. 

Lesson 7 What happens when a sound is reflected, absorbed, or transmitted? 
 

What Questions Might 
Students Ask During this 
Lesson? 
 

! Isn’t our box too small to be a 

maraca? It only needs to be 
big enough to hold a few of 
our noisemaker pieces. 

! Don’t I need more connector 

pegs? It really only takes six 
or seven pieces to make a 
good shaking sound. 

! Why isn’t my maraca very 

loud? I put 50 pegs in it! If 
you add too many noisemaker 
pieces, they don’t have 
enough room to move around 
and make sound vibrations 
happen. 

! Why does the number on my 

NXT screen keep changing? 

Because there are so many 
people in this room, tiny 
changes to the noise level are 
always occurring. The LEGO 
microphone is very sensitive, 
so the number it sends to the 
NXT is always changing. 
When you are testing the 
maraca, record the highest 
number you see, or the one 
that you see the most often.  
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STUDENTS’ 
INDEPENDENT 

ACTIVITY #2 
 
 
 
 
 
 
 
 

Lesson 7 What happens when a sound is reflected, absorbed, or transmitted? 
 

PART III: Maraca Testing with the NXT Sound Sensor (20 min) 

8) Explain that it is time for maraca testing. Direct students to clean up 

all LEGO pieces except those in their maracas. Then, they should 

retrieve the NXT, the sound sensor, and one connector cable from 

their LEGO kit, and place the rest of the kit on the floor. Only the 

NXT, sound sensor, cable, maraca, and journal should remain on 

their desks. 

9) Show students how to plug the sound sensor into Port 1 of the NXT. 

10) Using a poster (such as the one shown in Figure 2) as a visual aid, 

walk students through the procedure for viewing sound sensor 

readings on the NXT. The poster provided for the class is general so 

it can be referred to for viewing with any sensor. Figure 2 provides 

the specific instructions for your reference. 

 

Figure 2. Sample instructions poster for viewing the sound sensor reading. 
 
11) Model the procedure for testing the maracas: (1) adjust the NXT so 

that it displays the dBA sound sensor reading, (2) shake the maraca 

with a constant force while looking at the sound sensor reading, (3) 

record the sound level on the data table. 

12) Model the procedure for testing the muffled maracas: (1) cover the 

maraca with both hands, (2) while looking at the sound sensor 

reading, play the hand-muffled maraca with the same force used to 

play the non-muffled maraca, (3) record the sound sensor reading on 

the data table. 

13) Explain that each test should be repeated two more times, for a total 

of three times through each test. 

14) Ask students what property of our hands is measured by this test. 

After hearing a few ideas, clarify that this test measures the sound 
absorption ability of our hands. 
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MAKING SENSE 
OF THE ACTIVITY 

 
 
 
 
 
 
 
 
 
 
 
 

15) Allot five minutes for students to test their maracas. On page 7-2 of 

their Journal, they should record the sound sensor level for the 

maraca by itself and for the maraca muffled between their hands. 

They should conduct the test three times and record both the maraca 

by itself and muffled maraca sound levels each time.  

 

Figure 3. Maraca testing data table included in student’s Engineer’s Journal. 
 

PART IV: Observations and Discussion (15 min) 

16) After all students have finished testing their maracas, ask for 

volunteers to share their results. 

17) After hearing about a few maraca tests, clarify that squeezing the 

maracas between both hands prevented some of the LEGO materials’ 

vibration and thus caused a lower sound level reading on the NXT 

sound sensor.  

18) Next, remind students that they learned in the drum lesson that sound 

is a form of energy. After giving students a moment to think, direct 

students’ attention to the energy diagram in their Engineer’s Journal. 

Explain that you want to think about the “pathway” followed by the 

maraca’s sound energy. As you walk through the steps on the 

pathway, students should fill in the words for the three different 

actions taken by sound energy (Figure 4).  

a. The energy for the maracas’ sound initially began with the 

students’ arms as they shook the maracas. 

b. The energy from the students’ moving arms made the small 

pieces inside the maraca move and caused vibrations of the 

maraca walls. Some of the sound vibrations bounced around from 

surface to surface (LEGO piece and container surfaces) of the 

maraca. We call this action the reflection of sound vibrations  

c. When we placed our hands around the maraca, some of the sound 

energy was blocked by our hands. We know this because the 

sound got quieter, and a quieter sound is a sound with less energy. 

We call this blocking action the absorption of sound vibrations. 

d. When our hands are not around the maraca, the energy of the 

vibrating maraca causes the surrounding air to vibrate. The 

vibrating air causes our ears to hear the maraca’s noise. We call 

this action the transmission of sound energy. 

Lesson 7 What happens when a sound is reflected, absorbed, or transmitted? 
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Figure 4. Sound energy pathway diagram included in Engineer’s Journal. 
 

19) Conclude the lesson by summarizing the three main actions of sound 

energy. After sound vibrations leave their source, they can undergo 

one, two, or all three of the following actions: 

a. Sound energy can be reflected (the action that happens inside the 

maraca when the vibrations bounce off the inner container walls). 

b. Sound energy can be absorbed (the action that happens when the 

maraca is squeezed between two hands).  

c. Sound energy can be transmitted (the action that happens 

between the maraca and our ears).  

Lesson 7 What happens when a sound is reflected, absorbed, or transmitted? 
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Maraca Sample#1 - Building Instructions 

 

 

 

 

 

 

(6) Connector Pegs 
(4) 4-Stud Beams  
(4) 6-Stud Beams  
(4) 8-Stud Beams  
(4) 16-Stud Beams  
(2) 2 x 4 Plates  
(2) 2 x 6 Plates  
(2) 2 x 8 Plates  
 
 
 
 
 
 
 
 
 
 

Overall Parts List 
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Step One 

Step Two 
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Step Three 

Step Four 
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Step Five 

Step Six 
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Maraca Sample#1 - Building Instructions 

 
 
 
 
 

     
 
 
 
 
 
 

 

Step Seven 

Step Eight 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 
 

 

 
 
!!!!!!!!!!!! 
Learning Objectives 
 
 
 
 
 
!!!!!!!!!!!! 
Teacher 
Background 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Students will design and build their own LEGO instruments. They will 

use what they have learned by building the previous ‘research’ 

instruments.  However, their instrument must be a new invention, and it 

must play at least three different pitches. Students will demonstrate these 

instruments by using them to play a song for the class. 

! Explanation of instrument design challenge 

! Designing and building instruments 

! Beginning instrument design posters 

! Song practice 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
! Combine different materials, shapes, and structures to design and 

build sound-makers with many different volumes and pitches. 

! Define engineering design as the process of creating solutions to 

human problems through creativity and the application of math 

and science knowledge, and list and explain the steps of the 

engineering design process. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Engineering design is the process of creating solutions to human 

problems. The engineering design process can be applied to homes, cars, 

computers, and everyday objects such as musical instruments. For 

example, the guitar, as it is known today, is the result of thousands of 

years of engineering. Designing new concepts and testing them 

throughout history has produced multiple different versions of the 

instrument. 

 

                

     Baroque Guitar1 Tar2 Theorbo2

 
Lesson 8 

How can we make one instrument that 
plays three different pitches? 
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The guitar is one type of string instrument family. String 

instruments originated over 5,000 years ago in Europe and Asia. One of 

the earliest known instruments resembling the modern guitar was the tar, 

which has its origins in the Middle East. The instrument was made from 

two wood bowls and a stretched animal hide. The baroque guitar was a 

popular instrument in the 1600s. It was smaller than today’s guitar and 

used animal intestine, or gut strings, for the strings. Another popular 

guitar-like instrument in the 1600s was the theorbo, a long, 20-string 

instrument with two peg boxes. These string instruments represent just a 

few design iterations in a 5,000-year-long design process that has 

resulted in the acoustic guitar that is widely used today. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

!!!!!!!!!!!! 
Materials 
 
 
 
 
 
 
 
 
 
 
 
 
 
!!!!!!!!!!!! 
Preparation 
 
 

Today’s acoustic guitars may appear to be simple wood and metal 

string structures, but there are thousands of years of innovation and 

testing behind their design. Several different types of material, such as 

Brazilian rosewood, maple, or manmade composites, make up the frame 

and have a heavy influence on the sound of the guitar. The body shape, 

string material, and fret size and shape have all been modified to produce 

the desired sound of musicians for centuries. Guitars, instruments, and 

most of the things in everyday life are the result of many years of 

engineering. 

 

1 http://www.luthrie-van-gool.nl/fotos/ barok_voorkant.jpg 

2 http://www.atlasofpluckedinstruments.com/middle_east/tar%20iran.JPG 

3 http://www.e-m-s.com/cat/stringinstruments/theorbo/ems%20theorbo.jpg 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 8  

 

For each student pair 
! LEGO Mindstorms Kit 

 

For the class 
! Building materials laid out on a 

central materials table: 

o Rubber-bands of various sizes 

o 9” round balloons (with necks of 

some cut open) 

o Drinking straws 

o Construction paper 

o Tape 

o Scissors 

!!!!!!!!!!!! 
! Arrange students in pairs. 

! Distribute Engineer’s Journals. 

 

Lesson 8 How can we make one instrument that can play three pitches? 

What Do Children Think About 
Instrument Invention? 
 

! Third-grade students tend to 

focus on the human action 

required to make sounds with 

musical instruments. Most 

students do not readily think 

about the parts or mechanisms 

that enable an instrument to 

produce a unique musical 

sound. 

! When students are unsatisfied 

with their instrument’s sound, it 

does not always occur to them 

that the solution might be found 

by changing their instrument’s 

design, rather than by changing 

their method of playing the 

instrument.  

! Students will need your 

prompting and help to think of 

ways that their instrument 

designs can be improved.  

8-2 
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!!!!!!!!!!!! 
Instructions for 
Teachers 
 

 
 

 
 
 
  
 
 
 
 
 
 
 
 
Note: You may have to 
check students’ design 
ideas to be sure they are 
altering a feature as 
opposed to building three 
different instruments.  
 
 
 
 
 
 
 
Note: You could require 
students to show you 
their design ideas on 
page 8-1 before they are 
allowed to get their kits 
and begin building to be 
sure they understand 
they are building ONE 
instrument that can play 
THREE pitches. 
 
 
 
 

 

Lesson 8 How can we make one instrument that can play three pitches? 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

PART I: Directions for Instrument Building (10 min)

1) Explain that today the class moves on to the “design,” “build,” and 

“test” phases of their instrument engineering design process. Up until 

this point, the class has been “researching” many different solutions to 

the instrument design challenge. Now students will put their research to 

use. 

2) Review with the class the 

engineering design process. Use 

the classroom chart to discuss the 

steps within the engineering 

design process and how they 

relate to the current challenge. 

3) Explain the engineering design 

challenge for each student pair: 

Create a LEGO instrument that 

has at least three different 

pitches, and prepare a song to 

play on your instrument.  

4) Be sure to emphasize that 

students should design and 

construct ONE instrument that 

plays three different pitches, not 

three different instruments with 

three completely different 

sounds. In other words, students 

should find ONE feature or 
dimension to vary three ways: 

bands of three different tensions, 

straws of three different lengths, 

maraca beads of three different 

widths, balloons of three 

different diameters, etc.  

5) Explain what will be the culminating event for the entire module: a 

LEGO instrument “design expo” in which each group explains how 

their instrument was designed to play three different pitches and plays a 

song on it to their class of fellow “engineers”. 

6) Review with students the main sections of the instrument design poster 

found on page 8-1 of their Engineer’s Journal. Before they begin 

building their instruments, students should be aware that they will be 

asked to explain how their instruments play at least three different 

pitches, and to play a song with their instruments. 

 

 

 

 

What Questions Might Students 
Ask During this Lesson? 

! What kind of instrument should 

we make? You might adapt one of 
the instruments we built as a 
class, or find inspiration in a 
different instrument you’re 
familiar with. Remember that we 
built drums, guitars, pan pipes, 
and maracas. 

! Does my instrument have three 

different pitches?  You must 
decide that by listening carefully 
to the different sounds your 
instrument makes. Remember that 
different pitches might sound like 
my “high voice” (said in a high 
squeaky voice), “medium voice” 
(said in your regular talking 
voice), and “low voice” (said in a 
deep baritone).  

! Why do we have to make posters? 

Engineers always record their 
designs so that someone else on 
their team can test them, so they 
can build them again later, so 
they remember what they have 
learned from a design, or so they 
can share their ideas with other 
engineers and customers. 

Copyright 2008 Tufts University Center for Engineering
Educational Outreach and LEGOengineering.com



Science through LEGO Engineering  Design a Musical Instrument 

 How can we make one instrument that can play three pitches? Lesson 8 

PART II: Planning, Building, and Poster-Making (45 min)  
7) Allot 30 minutes for planning, building, and poster-making.  

8) When there are 15 minutes left, recommend that students put their 

instruments aside and begin working on their poster. 

9) Explain that if students do not finish their poster, they will have some 

additional time at the beginning of the next lesson. 

10) Remind students that they will be asked to play a song on their 

instruments during their presentations. 
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Suggested Time 
!!!!!!!!!!!! 
Lesson Overview 
 
 

 
 
 
!!!!!!!!!!!! 
Learning Objectives 
 
 
 
 

 
!!!!!!!!!!!! 
Materials 
 

 

 

 

 

 

 

!!!!!!!!!!!! 
Preparation 
 

 

 

 

!!!!!!!!!!!! 
Instructions for 
Teachers 
 

 

One 60-minute session 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Students will complete posters that explain how their instrument makes at 

least three different pitches. Then, the culminating event of the module is 

an engineering design expo in which students demonstrate their 

instruments and explain the design features that produced the three 

different pitches. 

! Complete instrument design posters 

! Instrument design expo 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

By the end of this lesson, students will be able to: 
1) Combine different materials, shapes, and structures to design and 

build sound-makers with many different volumes and pitches. 

2) Define engineering design as the process of creating solutions to 

human problems through creativity and the application of math 

and science knowledge, and list and explain the steps of the 

engineering design process. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
For each student 
! Engineer’s Journal Part 8 

(Instrument Design Poster) 

 

For each student pair 
! Student-invented LEGO instrument 

! Optional: Large poster about instrument to share with class 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
! Determine how you will arrange seating for the instrument design expo. 

At the front of the room, you will need a table or desk where presenting 

students can place their instrument. Presenting students should stand 

behind the table, facing the class. All of the other students should be 

seated in chairs facing the presenting students. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

PART I: Completing Instrument Design Posters; Song Practice (15 min)

1) Allot 15 additional minutes for work on instrument design posters 

and song practice.  

 

 

 

 

 
Lesson 9 

What are all the different ways to make 
one instrument that plays three pitches? 
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 Lesson 9 What are all the different ways to make one instrument that plays three pitches? 
 

 

 
 

 
Note: If you want to use 
the design expo as a 
grade, you could give the 
students a rubric with 
these requirements (and 
any others you would 
like to include). 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PART II: Instructions for Design Expo Presentations (5 min) 

2) Ask students to put their instruments aside as you give important 

directions for their presentations. When students are presenting, they 

should: 

a. Tell the class the name of their instrument. 

b. Explain the parts of their instrument that enable it to play 

at least three different pitches. They may use their poster 

for help. 

c. Explain why their high pitch is high and why their low 

pitch is low. 

d. Demonstrate the different pitches for the class. 

e. Explain how they constructed their instrument. 

 

PART III: Design Expo Presentations (35 min) 

3) Allot two minutes for each group’s instrument presentation. 

4) End each presentation with a round of applause for the presenters. 

 

9-2 
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Section 2:  
Student Handouts for All Lessons 

 
 
 
 



 

 

Name: _______________________________________ 
 
 
 

Design Musical Instruments 
Engineer’s Journal 

 
 

 
 
 
 
 
 
 
 
 
 

  
 

YOUR GRAND ENGINEERING DESIGN CHALLENGE: Design 
and build a musical instrument that can play at least three different 
notes and be part of a classroom band, using common craft 
materials and LEGO pieces. 
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Name:                 How can we make different sounds and notes? 
 

DESIGN A MUSICAL INSTRUMENT – PART 1 
 
TODAY’S EXPLORATION QUESTION: How do instruments make sounds? 
 
In the space below, write AND draw your answer to this question.  If you don’t 
know, take a guess. 
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Name:                 How can we make different sounds and notes? 
 

 

GRAND ENGINEERING DESIGN CHALLENGE: Build a musical instrument that can 
play at least three different notes.  

 

 

a) What science ideas do you already know that will help you with your design? 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 

 
 

b) What science ideas do you need to learn to help you with your design? 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
_____________________________________________________________________________ 
 
________________________________________________________________ 
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Name:                How can we make different sounds and notes? 
 

 
TODAY’S ENGINEERING CHALLENGE: Your challenge is to make three different notes 
using a plastic cup and a plastic spoon. 
 

STEP 1. Explore the different sounds you can make using a plastic cup and plastic spoon.  

STEP 2. In the chart below, record your observations. 

STEP 3. Explain which parts of each object you used to make the sound (column one). 

STEP 4. Explain what you action you took to cause the sound (column two). 

STEP 5. Describe the sound that you made (column three). 

 

What OBJECT (noun) 
made the sound? 

What ACTION (verb) 
caused the sound? 

What words would you use to TELL 
someone about the sound? 

EXAMPLE:  
The bottom of the cup and 

the handle of the spoon 

EXAMPLE: 
Hard tapping on the 
bottom of the cup 
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Name:                               Why do instruments need sturdy frames? 
 

DESIGN A MUSICAL INSTRUMENT – PART 2 
 

TODAY’S EXPLORATION QUESTION: Most musical instruments are made out of 
metal, wood, or plastic.  Why are instruments made out of these materials 
instead of paper or cloth? 
 

In the space below, write AND draw your answer to this question. If you don’t know, take a 
guess. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Name:                               Why do instruments need sturdy frames? 
 

 

 TODAY’S CHALLENGE: Construct and draw a diagram of the shapes listed below.  You will 
use beams, bricks, plates, axles, bushings, and connector pegs to construct each shape.  
Your diagrams should remind you how to build that shape again. 
 

 

EXAMPLE: 
DIAMOND. Construct a two-dimensional diamond from the LEGO materials listed above. Keep trying new 
designs until you find a design that does not break when you drop it from waist-height. 
 
How many pieces does your sturdiest diamond have?  Draw a picture of your sturdiest diamond design.

__5__ Beams 

__0__ Bricks 

__0__ Plates 

__0__ Axles 

__0__ Bushings 

__6__ Connector Pegs 
 

 

 

 

 

(1) TRIANGLE. Construct a two-dimensional triangle from the LEGO materials listed above. Keep 
trying new designs until you find a design that does not break when you drop it from waist-
height. 

 

 
 

 

 

 

 

 

 

 

 

Draw a diagram of your sturdiest triangle. 
 

How many pieces does your 
sturdiest triangle have? 

_____ Beams 

_____ Bricks 

_____ Plates 

_____ Axles 

_____ Bushings 

_____ Connector Pegs 
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Name:                               Why do instruments need sturdy frames? 
 

 

(2) BOX. Construct a three-dimensional hollow box (also called a rectangular prism) from the 
LEGO materials listed above. Make sure your box has empty space in the inside. Your box 
does not need a lid. Keep trying new designs until you find a design that does not break when 
you drop it from waist-height. 

 

 

 

 

 

 

 

How many pieces does your 
sturdiest box have? 

_____ Beams 

_____ Bricks 

_____ Plates 

_____ Axles 

_____ Bushings 

_____ Connector Pegs 
 

Draw a diagram of your sturdiest box. 
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Name:                               Why do instruments need sturdy frames? 
 

 

Building Hints 
 
Here is one way to make a sturdy triangle. This 
design uses four beams and five connector 
pegs. 
 

 

 
 
 
 
 
Here is one way to make a sturdy box (or 
rectangular prism). This design uses a plate, 
beams, axles, and bushings. 
 

 

 
Here is another way to make a sturdy triangle. 
This design uses four beams, three axles, six 
bushings, and two connector pegs. 
 

 

 
 
 
 
 
Here is another way to make a sturdy box. This 
design uses only beams and plates.  
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Name:        How are a sound’s vibration size and volume related? 
 

DESIGN A MUSICAL INSTRUMENT – PART 3 
 
TODAY’S EXPLORATION QUESTION: How does a drum make its sound? How do 
you know? 
 
In the space below, write AND draw your answer to this question. If you don’t know, take a 
guess. 
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Name:        How are a sound’s vibration size and volume related? 
 

 

TODAY’S ENGINEERING CHALLENGE: Design and build a miniature drum using LEGO 
pieces and a stretched balloon. Make observations of your drum so that you have an 
answer to this question: How does the drum make a sound that our ears can hear? 
 

 
STEP 1. Find the sturdy triangle that you built in 
lesson 2. 
 
STEP 2. While one partner holds the triangle, the 
second partner should stretch a balloon over it. 
The first partner should push connector pegs 
through the edges of the balloon and into the 
holes on the triangle’s beams. 
 
STEP 3. Test your drum. Do you like its sound? 
Does it stay together?  If not, change your 
design and build a new drum.  Remember that 
re-designing and re-building are always a part 
of engineering. 
 
STEP 4. In this step, you will investigate how your drum makes sounds. Your teacher will 
sprinkle about 20 grains from a sugar packet onto your drum head. 
 
PART A. As you play your drum SOFTLY, listen to the sound and watch your drum. What 
happens to the sugar when you play your drum SOFTLY? 
Record your observations here. 
 
WHAT WORDS WOULD YOU USE TO     DRAWING OF WHAT HAPPENS 
DESCRIBE WHAT YOU HEAR AND SEE? 
 
HEAR: 
 
 
 
 
 
 
 
SEE: 
 
 
 
 
 

Example Of Sturdy LEGO Triangle With 
Balloon Attached With Connector Pegs 
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Name:        How are a sound’s vibration size and volume related? 
 

 

PART B. As you play your drum HARD, listen to the sound and watch your drum. What 
happens to the sugar when you play your drum HARD? 
Record your observations here. 
 
WHAT WORDS WOULD YOU USE TO     DRAWING OF WHAT HAPPENS 
DESCRIBE WHAT YOU HEAR AND SEE? 
 

HEAR: 
 
 
 
 
 
 
 
SEE: 
 
 

 

 

 

 

 

 

PART C. Describe how your drum makes a sound that our ears can hear. 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________ 
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Name:                              What do sound vibrations travel through? 
 

DESIGN A MUSICAL INSTRUMENT – PART 4 
 

TODAY’S EXPLORATION QUESTION: How does a musical instrument’s sound get 
from the instrument to our ears? 
 

In the space below, write AND draw your answer to this question. If you don’t know, take a 
guess. 
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Name:                             What do sound vibrations travel through? 
 

 

  

TODAY’S SCIENCE DRAWING ASSIGNMENT: Pick one of the following mediums: solid, 
gas, or liquid. Draw a picture AND explain how sound travels through that medium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
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Pan Pipe Building Instructions: 
 

1. Cut the straws to five (5) 
different lengths. 

2. Lay a piece of tape on the desk 
with the sticky side up. 

3. Place the straws on the tape in 
order from longest to shortest. 
There should be about 1 inch of 
space between every two 
straws. 

4. The top openings of the straws 
should be level with each other, 
as shown in the picture. 

5. Fold the rest of the tape over 
the line of straws to hold them in 
place. 

Name:                                   What do sound vibrations travel through?  

 
 
TODAY’S CHALLENGE: Construct a new kind of instrument called a pan pipe. The pan 
pipe is an example of a wind instrument, which is any instrument whose vibrations are 
created by moving air. 
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Name:                      How do length and thickness affect pitch? 
 

DESIGN A MUSICAL INSTRUMENT – PART 5 
 

TODAY’S EXPLORATION QUESTION: What makes different sounds have different notes? 
 
In the space below, write AND draw your answer to this question. If you don’t know, take a 
guess. 
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Name:                      How do length and thickness affect pitch? 
 

 
TODAY’S CHALLENGE: Build a two-string guitar using LEGO pieces and two rubber-bands. 
Make observations of your guitar so that you can tell the difference between high-pitched 
sounds and low-pitched sounds. 
 

 
 

Rubber-Band Guitar:        

 
 
 

 
Find these LEGO Pieces: 

   
   (4) 1 x 15 Rounded Beams  (14) Short Connector Pegs    (3) Long Axles 
                  (10-stud or 12-stud) 
 

              
(1) Wheel-Rubber Bands-Axle Combination  (2) 2x4 L-Beams       (1) Small Wide Wheel 
 (from your teacher) 
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Name:                      How do length and thickness affect pitch? 
 

 
 
 
 

A) Find TWO 15-hole rounded beams.  
B) Connect them together with THREE short connector pegs.  
C) Find TWO more 15-hole rounded beams.  

D) Connect them together with THREE more short connector pegs. 
E) These are your “ guitar sides.”  

 
 

 
 

A) Find TWO small L-beams (2 holes on the short part and 4 holes on the long part).  
B) Use TWO short connector pegs to attach the short part of the L-beam to one of the 

guitar sides. Leave one open hole on the end of the 15-hole beam. 
C) Use TWO short connector pegs to attach the other L-beam to the other guitar sides. 
 

 

Step 2 

Step 1 
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Name:                      How do length and thickness affect pitch? 
 

 

 
 
 
A) Insert FOUR short connector pegs into ONE of the guitar sides. 

 
 

 

 
 
 
A) Slide each guitar side onto the axle that has rubber bands tied on it. 

 

 
 
 
 
 

 

 

Step 4 

Step 3 
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Name:                      How do length and thickness affect pitch? 
 

 
 
 
 

A) Slide a long axle through the x-shaped hole in one of the L-beams. 
B) Slide the wide, small wheel onto the axle. 
C) Slide the axle through the x-shaped hole in the other L-beam. 

 

 
 
 
 
 

A) Wrap the rubber bands around the guitar frame, and hold the thin wheel underneath 
the wide wheel. 

B) Slide a long axle into the open end hole on one of the guitar sides. 
C) Push the axle through the middle of the thin wheel (with rubber bands tied to it).  
D) Push the axle all the way through to the open end hole on the other guitar side. 

 

  
B 
 

C 
 

D 
 

Step 6 

Step 5 
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Name:                      How do length and thickness affect pitch? 
 

 

 
How to Play Your Rubber-Band Guitar 

 
(1) Choose a connector peg “fret.” Use one finger to press the 

rubber band against the peg. 
 
(2) Use another finger to pluck the rubber band. Pluck it halfway 

between the peg and the raised axle. 
 

 

 
 

 

 
 

 

 

LONG LENGTH 

MEDIUM LENGTH 

SHORT LENGTH 

(1) 

(2) 
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Name:                      How do length and thickness affect pitch? 
 

 

 
GUITAR RECAP: Think about the sounds your rubber-band guitar made. 
 
CIRCLE the answer to the question. 
 
(1) When did the rubber-bands have the highest pitch? 
 
 Short Length      Medium Length      Long Length 
 
 
(2) Which rubber-band had a lower pitch? 
 
 Thick Rubber-Band      Thin Rubber-Band 
 
 
(3) Which rubber band vibrated the fastest? 
 
 Thick Rubber-Band      Thin Rubber-Band 
 
 
 
CIRCLE the answer that fills in the blank. 
 
(4) The longer the rubber-band, the _____________________________________the pitch. 
 
 Higher        Lower 
 
 
(5) The thicker the rubber-band, the ____________________________________the pitch. 
 
 Higher        Lower 
 
 
(6) The longer the rubber-band, the ____________________________________it vibrates. 
 
 Faster        Slower 
 
 
(7) The thicker the rubber-band the ___________________________________ it vibrates. 
 
 Faster        Slower 
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Name:                      How do length and thickness affect pitch? 
 

 

 
Pan Pipe Activity 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PAN PIPE RECAP: Think about the sounds your pan pipes made.   
 
CIRCLE the answer to the question. 
 
(1) Which pipe sounded the highest? 
 
 Shortest Pipe   Medium Pipe    Longest Pipe 
 
 
(2) Which pipe had the lowest pitch? 
 
 Shortest Pipe   Medium Pipe    Longest Pipe 
 
 
 

Drawing a Diagram of Pan 
Pipes: 
 

1. Draw a quick sketch 
of your pan pipes in 
the box to the right. 

 
2. Label the straw with 

the highest pitch and 
the straw with the 
lowest pitch. 

 
3. Add pictures or words 

to explain which part 
of the pan pipe is 
making the sound 
vibrations. 
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Name:                              How does tension affect pitch? 
 

DESIGN A MUSICAL INSTRUMENT – PART 6 
 
TODAY’S EXPLORATION QUESTION: Which would make a higher-pitched sound, a loose 
rubber band or a tight rubber band?  Why do you think so? 
 
In the space below, write AND draw your answer to this question. If you don’t know, take a 
guess. 
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Name:                              How does tension affect pitch? 
 

TODAY’S CHALLENGE: Your challenge is to build a motorized LEGO guitar. Make observations 
of your guitar so that you can tell the difference between how high-pitched sounds and low-
pitched sounds are made. 
 

 
BUILDING INSTRUCTIONS: 
 
 
 
 

A) Place the NXT motor next to the long axle at the back end of the guitar you created in 
lesson 5. The gray part of the motor should be facing up. Push the axle on your guitar 
into the middle hole on the orange part of the motor.  

B) Push one long axle through the middle hole on the bottom of the motor and the holes 
on your guitar beams.  

 

 

 
 

Step 1 

A 

B 

A 
B 
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Name:                            How does tension affect pitch? 
 

 

RECAP: Think about the sounds your motorized rubber-band guitars made.  Answer the 
questions below. 
 

 
CIRCLE the answer to the question. 
 
(1) When did the rubber-band have a higher pitch? 
 
 Loose Rubber-Band      Tight Rubber-Band 
 
 
(2) When did the rubber-band have a lower pitch? 
 
 Loose Rubber-Band      Tight Rubber-Band 
 
 
(3) When did the rubber band vibrate the fastest? 
 
 Loose Rubber-Band      Tight Rubber-Band 
 
 
 
 
CIRCLE the answer that fills in the blank. 
 
(4) The looser the rubber-band, the ___________________________ the pitch. 
 
 Higher       Lower 
 
 
(5) The looser the rubber-band, the _________________________ it vibrates. 
 
 Faster        Slower 
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Name:        What happens when a sound is reflected, absorbed, or transmitted? 
  

DESIGN A MUSICAL INSTRUMENT – PART 7 
 

TODAY’S EXPLORATION QUESTIONS: 
(1) Imagine you are at a trumpet concert. What happens to the sound between the trumpet 

and the audience? (How does the trumpet sound get to the audience?) 
 

Draw your idea below. 
 
 
 
 
 
 
 
Explain your idea below. 
                                                            
 
 
 
 
 
 
 
(2) Now imagine there is a curtain between the trumpet and the audience. Now what 

happens to the sound between the trumpet and the audience?  
     (How does the trumpet sound get to the audience?) 
 

Draw your idea below. 
 
 
 
 
 
                       
 
 
Explain your idea below. 
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Name:        What happens when a sound is reflected, absorbed, or transmitted? 
 

TODAY’S CHALLENGE: Your challenge is to build a LEGO rattle or maraca using your 
sturdy LEGO box. Make observations of your maraca with and without a muffler. 
 

STEP 1. Pick small LEGO pieces for noisemakers inside your maraca. 
 
STEP 2. Find your sturdy box from Lesson 2. This box will hold the noisemaker pieces. 
 
STEP 3. Put the noisemaker pieces inside the sturdy box. 
 
STEP 4. Build a cover for the sturdy box. 
 
STEP 5. Follow your teacher’s directions to perform the sound absorption test on the maraca 

by itself and the muffled maraca. Record the results in the tables below. 
       

 Test 1 Test 2 Test 3 

Noise Level 
from Maraca 
By Itself(dBA) 

   

 

 Test 1 Test 2 Test 3 

Noise Level 
from Muffled 
Maraca(dBA) 
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Name:        What happens when a sound is reflected, absorbed, or transmitted? 
 

 
STEP 6. Fill in the sound pathway below. 
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Name:                     How can we make one instrument that can play three pitches? 
 

DESIGN A MUSICAL INSTRUMENT – PART 8 & 9 
 

How will you design your instrument to play at least three different pitches? 
 

__________________________________________________________________________________________ 
 

__________________________________________________________________________________________ 
 

__________________________________________________________________________________________ 
 
What parts of your instrument will play the different pitches? 
 

__________________________________________________________________________________________ 
 

__________________________________________________________________________________________ 
 

__________________________________________________________________________________________ 
 
In the space below, draw a design diagram of your instrument. 
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Section 3:  
Supplemental Teacher Resources 

 
 
 
 



 

Brass darabuka drum from Pakistan 

http://www.hobgoblin-
usa.com/local/cartdrum.htm#AFRICAN%20DRUMS 
 

 
Classical harp, originated in Ireland 
http://www.hobgoblin-usa.com/local/cartharp.htm 
 

 
Tin whistle 
http://en.wikipedia.org/wiki/Tin_whistle 
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Hammered dulcimer 
http://en.wikipedia.org/wiki/Image:MasterworksHammeredDulcime
r.jpg 
 

 
Hammered dulcimer 
http://en.wikipedia.org/wiki/Image:Hammered_dulcimer.JPG 
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Ektara, a single-stringed instrument from Bangladesh and India 
http://en.wikipedia.org/wiki/Image:Ektara.JPG 
 

 
Zither 
http://en.wikipedia.org/wiki/Image:Zither1_David_Dupplaw.jpg 
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Bouzouki 
http://en.wikipedia.org/wiki/Image:Trichordobouzouki.jpg 
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Background Information for Sound: Design a Musical Instrument 
 
An Introduction to the Science of Sound 
 

There are three requirements for sound to take place in an environment: (1) a 

vibrating source to start sound, (2) a medium to transmit sound vibrations throughout the 

environment, and (3) a receiver to hear or record sound vibrations. 

Sound is started in an environment by a vibrating source. There are numerous 

and varied vibrating sources – pushing air past vocal cords, plucking a stretched string, 

striking a membrane of animal hide or synthetic material, buzzing lips on an instrument, 

and many other natural vibrating sources. Sound may also be produced by electronic 

vibration sources – whirling of machines, playing of electronic keyboards and 

synthesizers, pulsing speakers, and more. 

 

Vibrations 
Sound is generally measured by the number of vibrations per second produced by 

a vibrating body or source. If the vibration occurs at a steady number of vibrations per 

second, the musical effect produced is known as a pitch, tone, or note.  

Not all vibrations create sounds that humans can hear. Human ears only sense 

vibrations that are moving at speeds between 20 vibrations per second and 20,000 

vibrations per second. If a vibration is too fast or too slow, it will not be heard as “sound” 

by humans. One vibration too fast for human hearing is the ultrasonic signal emitted by 

bats for echo-locating. Vibrations that are too slow for human hearing include ocean 

waves and earthquakes. We detect these vibrations by seeing and feeling them, but we do 

not hear them.  

 
Volume 

Sound is caused by vibrations – produced by a source, transmitted through a 

medium, and detected by a receiver. The amplitude (size) of a vibration determines the 

loudness and softness of sound. The loudness or softness of a sound is commonly known 

as its volume. A louder sound has a wider vibration than a softer sound. The figure below 

shows a comparison between a loud and soft sound. Smaller vibrations are equivalent to 

softer sounds, while larger vibrations are equivalent to louder sounds.  

 

 
 

Volume depends on the amount of the force used to start the sound vibrations. 

The more force used to start the vibrations, the louder the sound produced. For example, 

the volume of an acoustic guitar is determined by the force with which the string is 

plucked. 
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Pitch 
The physical properties of vibrating objects determine how the pitch of one object 

compares to the pitch of another. Smaller, thinner, or tighter vibrating objects are higher 

in pitch, and, conversely, larger, thicker, and looser vibrating objects are lower in pitch. 

In addition, quickly vibrating objects have a higher pitch than slowly vibrating objects. 

For example, when rubber bands of equal length and thickness, but unequal tension are 

plucked, the tighter band will produce a sound with a higher pitch. The additional tension 

in the band causes it to vibrate faster, and these faster vibrations are perceived by our ears 

and brains as higher-pitched sound. Similarly, when rubber bands of equal length and 

tension, but unequal thickness are plucked, the thinner band will vibrate faster and thus 

produce a sound with a higher pitch. Finally, when rubber bands of equal tension and 

thickness, but unequal length are plucked, the shorter band will vibrate faster and create a 

higher-pitched sound.  

We can also use the example of “musical cups” to consider how physical 

properties affect pitch. When glasses are filled with water, they can become musical 

sound sources. The pitch of the sounds can be controlled by the amount of water in the 

cups. Consider the four cups below. 

 

             A     B        C  D 

 

When someone blows over the top of the cups, cup A will have the highest pitch. 

Blowing over the top of the cups causes the air column at the top of the cup to begin to 

vibrate. With the shortest air column, cup A will produce the sound with the highest 

pitch. Since cup D has the longest air column, it will produce the lowest-pitched sound. 

The cups also produce sound when someone strikes them with a spoon. The glass 

or material out of which the cup is made is the source of vibrations. The more water in 

the cup, the more difficulty the glass will have vibrating, and the slower its vibrations 

will be. Cup D, with the least water, will vibrate the fastest and produce the highest-

pitched sound. Cup A, with the most water, will vibrate the slowest and produce the 

lowest-pitched sound. 

 

Mediums for Sound Transmission  
For sound to travel from its source to a receiver, such as ears, a medium must be 

present. Gases (such as air), liquids (such as water), and solids (such as steel) are all 

mediums that can transmit sounds. Sound is not capable of being transmitted through 

empty space. 

For a medium to be a good transmitter of sound, it must be elastic. Elastic 

substances are able to transmit vibrations without losing much energy to friction or 

absorbing much energy. Imagine a blob of wet clay and a cube of steel. Your initial 

judgment might be that the wet clay is more elastic than the steel, in the everyday usage 

of the word “elastic.” However, if you put a finger into the clay, the dent does not bounce 

back. Instead, the clay absorbs the energy of your finger push. In contrast, the steel cube 

does not seem to be affected by your finger push at all. The steel, then, is more “elastic” 
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in the scientific usage of the word, and it will transmit sound more quickly and without 

much loss.  

Air is also a good transmitter of sound. However, volume decreases more quickly 

when sound travels through air than through stiff solids. In air, sound moves outward in 

all directions, while in solids sound travels only in the direction of the solid object.  

Water is also a more efficient transmitter of sound than air because sound travels 

faster in water. The speed of sound in liquids is faster than the speed of sound in gases, 

and the speed of sound in solids is faster than the speed of sound in liquids. 

 

The Transmission, Reflection, and Absorption of Sound Energy 
One way to define sound is as a form of energy produced by a vibrating object. 

This sound energy is transferred from a vibrating source to a sound receiver. It can be 

transferred through air, water, or solid material, via vibrations. All sounds have energy, 

but different sounds have different amounts of energy. In general, loud sounds always 

have more energy than quiet sounds.  

When sound is transferred from source to receiver, we say that sound energy is 

being transmitted. Sound energy may also be reflected or absorbed. To determine 

which of these three actions occur, we must consider the materials in the vicinity of the 

sound source.  When there are large, flat surfaces near the sound source, the sound is 

often reflected, and echoes (reflections) of the sound can be heard. Smooth and shiny 

surfaces reflect more sound than rough and dull surfaces. 

As sound travels though any medium, there is some loss due to absorption. Sound 

absorption occurs when the particles in a medium take on the energy of the sound 

vibration instead of passing the vibration along to the next particles. Soft, airy materials 

are particularly prone to sound absorption, including drapes, curtains, foam ceiling tiles, 

soft furnishings, rugs, and most concert hall wall panels. When these materials are nearby 

a sound source, some of the sound will likely be absorbed. 

 

 
An Introduction to Engineering Design 
 

 Engineers typically work together to solve the problems that face society.  

Engineering design is the process of creating solutions to human problems through 

creativity and the application of math and science knowledge.  The basic steps within the 

design process include: 

i. Identifying a problem – 
Observing a problem and seeing a need for a solution 

ii. Researching possible solutions –  
Coming up with ideas to address the problem 

iii. Picking the best solution –  
Determining which idea best addresses the problem.  This decision may involve 

monetary, practicality, material, and property concerns. 

iv. Building a prototype –  
Build a working model of the picked solution 

v. Testing the prototype –  
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Be sure the working model solves the problem and holds up to any important 

material property tests 

vi. Repeating any steps needed to improve the design – 
The engineering design process is not always a step-by-step process, as 

engineers often repeat steps or go back and forth between the other five steps. 
 

 Throughout the design process, students may want to revisit steps and add 

elements that were previously omitted, just as “real” engineers do.  Students will 

continuously formulate and test hypotheses in order to solve their problem.  As the 

students take on the role of an engineer, they will analyze their solutions, build models, 

and clarify concepts and explanations.  Solutions may require further testing and 

experimentation to get the criteria for success defined previously, and even the criteria for 

success may be amended as they progress.  Students should conclude the engineering 

design process by providing a clear expression of their investigation that includes the 

questions, procedures, evidence, a proposed explanation and review of alternative 

explanations.  

 

Engineering Design Applied to a Musical Instrument: The Guitar 
Engineering design is the process of creating solutions to human problems. The 

engineering design process can be applied to homes, cars, computers, and everyday 

objects, such as musical instruments. For example, the guitar, as it is known today, is the 

result of thousands of years of engineering. Designing new concepts and testing them 

throughout history has produced multiple different versions of the instrument. 

 

                

     Baroque Guitar1 Tar2 Theorbo3 
 

The guitar is one type of string instrument family. String instruments originated 

over 5,000 years ago in Europe and Asia. One of the earliest known instruments 

resembling the modern guitar was the tar, which has its origins in the Middle East. The 

instrument was made from two wood bowls and a stretched animal hide. The baroque 

guitar was a popular instrument in the 1600s. It was smaller than today’s guitar and used 

animal intestine, or gut strings, for the strings. Another popular guitar-like instrument in 

                                                
1
 http://www.luthrie-van-gool.nl/fotos/ barok_voorkant.jpg 

2
 http://www.atlasofpluckedinstruments.com/middle_east/tar%20iran.JPG 

3
 http://www.e-m-s.com/cat/stringinstruments/theorbo/ems%20theorbo.jpg 

Copyright 2008 Tufts University Center for Engineering
Educational Outreach and LEGOengineering.com



 Background-5 

the 1600s was the theorbo, a long, 20-string instrument with two peg boxes. These string 

instruments represent just a few design iterations in a 5,000-year-long design process that 

has resulted in the acoustic guitar that is widely used today. 

Today’s acoustic guitars may appear to be simple wood and metal string 

structures, but there are thousands of years of innovation and testing behind their design. 

Several different types of material, such as Brazilian rosewood, maple, or manmade 

composites, make up the frame and have a heavy influence on the sound of the guitar. 

The body shape, string material, and fret size and shape have all been modified to 

produce the desired sound of musicians for centuries. Guitars, instruments, and most of 

the things in everyday life are the result of many years of engineering. 

Real-world musical instruments produced by the engineering design process, 

which come in a huge variety of shapes and sizes, all have one thing in common: a strong 

underlying structure. In this module the sturdy frames constructed by students are 

essential bases for any LEGO instruments that students make. To turn balloons into 

drums (Lessons 3 and 4), or rubber bands into guitars (Lessons 5 and 6), students will 

need strong frames capable of holding the tension of stretched rubber. When constructing 

sound-making devices, it is also important to know that to create vibrations; there must 

be a certain amount of surface tension in the vibrating body. Solid objects have inherent 

tension. Soft objects like strings or membranes must be stretched to create the tension 

required to support vibrations. 

When studying sound-making devices, it is important to pay close attention to the 

source of the vibrations, which is the initially vibrating substance. Correctly determining 

the source is vital to drawing accurate conclusions about the type of sound that will be 

made. 
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Science through LEGO Engineering 
Design a Musical Instrument: The Science of Sound 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Formative Assessment Rubrics 
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Exploration 

Question

Student Name

Write/draw 

explanation of 

instrument

Participation Table in Journal Participation Table in Journal

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Lesson 1: Introduction to Sound Scavenger Hunt

Sound Scavenger Hunt Copying Sounds
0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task
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Exploration 

Question

Student Name

Write/draw 

explanation of 

instrument 

materials

Building 

participation

Record in 

Engineer's 

Journal

Building 

participation

Record in 

Engineer's 

Journal

Building 

participation

Record in 

Engineer's 

Journal

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Building a Sturdy Rectangle Building a Sturdy Triangle Building a Sturdy 3D Box

Lesson 2:  Sturdy Intrument Frames
0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task
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Exploration 

Question

Student Name

Write/draw 

explanation of 

drums

Working as a 

Team

Drawing in 

Engineer's 

Journal

Observing grain 

movement

Observation of 

Loud

Observation of 

Quiet

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Building the Drum Vibration Observations

Lesson 3:  Sound Vibrations with LEGO Drums
0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task
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Exploration 

Question

Discussion 

about 

traveling 

sound

Discussion

Student Name

Write/draw 

explanation of 

hearing sound

Participation

Constructs a 

functional pan 

pipe

Draws an 

accurate 

diagram

Science 

Drawing 

Assigment
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Lesson 4:  Traveling Sound Vibrations

Pan Pipe Building

0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task
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Exploration 

Question

Student Name

Write/draw 

explanation of 

the pitch of 

sound

Builds a 

functional guitar

Draws a 

diagram of 

guitar

Fills out 

questionnaire 

about pitch

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Lesson 5:  Rubber-Band Guitars

Guitar Building

0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task
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Exploration 

Question

Student Name

Write/draw 

explanation of 

loose/tight 

rubber band

Builds a 

functional guitar

Draws a 

diagram of 

guitar

Fills out 

questionnaire

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Lesson 6:  Motorized Rubber-Band Guitars

Guitar Building

0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task

Copyright 2008 Tufts University Center for Engineering
Educational Outreach and LEGOengineering.com



Testing 

Sound 

Absorption

Observation

s

Student Name

Explain how 

sound travels

Explain how 

sound travels 

through a 

curtain

Explain effects 

of blocking the 

sound

Builds a 

functional 

maraca

Draws a 

diagram of 

maraca

Records test 

results

Fill in table 

about sound 

energy

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Lesson 7:  LEGO Maracas

Exploration Questions Building Maracas

0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task
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Student Name

Builds a 

functional 

instrument

Works well 

together

Begins work on 

poster

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Planning, building, and poster-making

Lesson 8:  Student-Invented 

LEGO Instruments
0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task
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Posters

Student Name

Questions 

answered

Instrument is 

diagramed

Completes a 

neat 

posterboard

Clear 

explanation

Demonstration 

of instrument

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Lesson 9:  LEGO Instrument Design Expo
Engineering Journal Presentation

0 = Does not complete 

task

1 = Completes task

2 = Exceeds expectations 

on task
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