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Chapter 5

The Sense of Hearing-Good Vibrations!

In this chapter, you will apply the principles described previously to developing a science story.  The content development process uses both primary and secondary questions to build out the science story as a series of key concept statements.  Some questions and key concepts described below are included for your own edification; while, others can be directly applied in the classroom.  Note:  some questions are asked in several different ways, retooling them, in part, for in-class use.  
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What is the sense of hearing?  How do we use our sense of hearing?  What organ is associated with the sense of hearing?  How does the ear look?  What are the parts of the ear?  What parts of the ear can we see?  Do all ears look the same?  How are they different?  How do we hear?  What do you hear?  How many different kinds of sounds do you hear?  Can you still hear if you cover your ears?  Can you describe how a rabbit’s ears are different from your ears?  What about a dog, an elephant, or a hippopotamus’ ears, how are these different from our ears or from one another?  What is sound?  Where does sound come from?  How does sound travel?  How does sound move?  Are all sounds the same?  How do sounds differ?  How can we describe sounds?  What if we couldn’t hear?  Why is hearing important?  
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How we hear…As sound waves “strike” the eardrum, the pressure is transmitted to the three tiniest bones in our body: hammer (incus), anvil (malleus), and stirrup (stapes).  These bones physically move in response to sound waves.  The stirrup lies against the membrane separating the middle ear from the inner ear.  The inner ear is also responsible for helping us maintain our equilibrium (balance).  The part of the inner ear associated with hearing is called the cochlea, while the three semi-circular canals (snail-like) are responsible for maintaining equilibrium.  The inner ear is filled with fluid.  As the sound is transmitted, the fluid is compressed.  The fluid brushes against tiny hairs that line the membranes of the inner ear.  This movement then triggers nearby nerve cells that send these sound messages to the brain.  The brain then interprets the meaning of the sounds we hear.
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How-to Relate Your Questions To Key Concepts
· The ear has three main parts:  outer, middle and inner ear.  (What do we use to hear with?  What organ is associated with the sense of hearing?  What are the parts of the ear?  How does the ear look?)  

· The outer ear consists of the fleshy skin portion and the auditory canal.  (How does the ear look?  What parts of the ear can we see?  Do all ears look the same?  How are they different?  Can we still hear if we cover our ears?  How do we hear?)
· Sound waves enter the ear and are amplified as they move through the auditory canal to the tympanic membrane.  (How does sound move?  What are the parts of the ear?  How do we hear?)
· The tympanic membrane (eardrum) can be likened to a drum.  It marks the beginning of the middle ear.  (What are the parts of the ear?  How do we hear?)
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Relating Your Questions To Key Concepts (cont’d) 
· [image: image5.png]


Sound is caused by the vibration of an object.  (Where does sound come from?  What is sound?)  

· Sound travels as a wave and ripples out in all directions.  (How can we describe sound?  How does sound travel?)  Sound waves travel in three dimensions, meaning that the waves spread out in all directions, including up and down.  (How does sound travel?)

· Sound waves exert a pressure force, moving air (or another medium) from the source of the sound to our ears.  (How does sound travel?)
· Sound waves can move through solids, liquids and gases, but it travels at different rates through each medium.  (How does sound travel?)
· Sound travels fastest through solids, followed by liquids, such as water, and then air (gases).  (How does sound travel?)  The ability to distinguish between high and low sounds in liquids is poor.  

· Sound waves travel to our ears where they make the eardrum vibrate.  (What is sound?)
· Sound has three characteristics: pitch, quality, and loudness. (How can we describe sound?  How are they the same?  How are they different?)
-
The loudness of a sound is determined by:  1) the distance from the source; 2) the intensity of the vibration; and, 3) the surface area of the vibrating object.   

-
The pitch of a note is determined by the speed of the vibration.  A faster vibration creates a higher pitch.  A slower vibration creates a lower pitch.  Pitch can be influenced by the mass of the vibrating object-the greater the mass; the slower the vibration.  

-
The quality of a sound includes those characteristics that make one sound distinct from others.  Quality allows us to tell the difference between a car, a truck, or a wagon traveling down the street.
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Complement Key Concepts with Related Explore Activities
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Explore Activity #13:  Shake Things Up! 

Make two homemade shaker toys.  These can be made from small closed boxes, empty film canisters or metal Band-Aid boxes.
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-
Fill one box with beans, but only add a handful of beans to the second container.  You can use other small noisy (weighty) objects.  
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Shake the containers, one at a time.  Have your class compare the sounds.  

· Is there something inside the box?  How do you know?  

· Does Container #1 (full) sound the same as Container #2 (not full)?  
· Can you tell what’s inside the box just from the sound?  How could we find out?
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[image: image12.wmf]Explore Activity #14:  Lend Me Your Ears! 

Have everyone show off an ear or two!  Note how all “people” ears pretty much look the same.   Identify the outer, middle and inner parts of the ear using a simple diagram or picture book.  Note:  while it is not necessary (or even recommended) that you explore the internal structure of the ear in great detail, it is useful to show how the tympanic membrane (eardrum) can be likened to a drum.

Explore Activity #14 Lend Me Your Ears!  (cont’d)
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Have your class cover their ears with their hands?  Can they hear as well?  Why not?

- Have your class cover just one of their ears.  How do things sound?  

-
Have your class cup their hands, making rabbit ears.  How do things sound, louder or softer?

-
How are our ears shaped differently from elephant, rabbit, hippo, dog, or cat ears?
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You can also use Explore Activity #15 to compare and describe different sounds, noting that some sounds are loud, others soft; and, that some sounds are high, and others are low.
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Explore Activity #15:  Feel the Vibrations, I  

Like all sound, the sound of our voice comes from air rushing past our vocal cords, which causes the vocal cords to vibrate.  That vibration makes the sound of our voice.  Draw attention to the fact that our ears, nose and throat are all connected.  

-
Have your class gently rest their hands against the side of their throats and sing a song.  See if they can feel the vibrations in their throats.

-
Continue singing, but now ask your class to cover both of their ears with their hands.  How does the sound of their voice change when they cover their ears?  

Explore Activity #15: Feel the Vibrations (cont’d)
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· How do we make sounds?  Can you feel the vibrations of your voice?  

· Have your ears ever gotten clogged, like when you have a cold?  Does your voice sound different, kind of funny?

· How do things sound when you cover your ears?  Can you hear as well when you cover your ears?  
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When you cover your ears what is blocking the sound?  (The sound must travel through your hand (a solid) to reach your ears.)  
[image: image19.wmf]Explore Activity #16:  Clink & Clunk! 

-
Fill a set of four glasses (or identical glass jars) with increasing amounts of water; the fourth glass should be nearly full.  

-
Tap each glass with a metal spoon.  Compare the sounds.  Do all the glasses sound the same?

-
Tap out your best (or worst) rendition of “Twinkle, twinkle little star” on the glasses.  Note the differences in tones.

-
Cover the top of one of the glasses with your hand, or hold the glass in your hand and tap it again with the spoon.  How does the sound change?  Remove your hand and tap it again.

-
Add water to each of the glasses so that they now all have the same amount of water in them.  Tap again.  Do the glasses all sound the same, or different?  

You can perform a variation of this using two oatmeal box drums.  Stuff one of the drums with a cloth to dampen the sound.  

[image: image20.png]


[image: image21.wmf]
[image: image22.png]


[image: image23.wmf]Explore Activity #17:  Can You Hear Me Now?
This activity is related to the key concept that sound waves travel (move) and that we are able to hear voices in the hallway, music playing in another room, or a fire engine siren blaring from far away!  

-
Have your class spread out around the room.

-
As they remain in the same place, you will move around the room, out into the hall, and into the in-class bathroom (door closed).  

-
At each new location ask, “Can you hear me now?”  When you are inside the bathroom, knock on the closed door, and ask if they can hear you knocking.    

Your class should be able to hear you from each of the different locations.  In addition, each child is able to hear you, even though they are in different locations.  Why?  Because sound moves!  
Catch A Wave!  

-
Have your class wiggle their hands and bodies around like waves, keeping in mind that sound waves move in all directions…up, down and all around.   You can turn this into a mini-workout.  Have your class line up and raise their hands up in the air toward the ceiling, then down to the floor, to the left, to the right, and then have them turn around.
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Explore Activity #18:  Feel the Vibrations, II.

-
Tie four to five 12-18” long pieces of string to a triangle.  Make sure you use the triangle holder or if one is not available, tie a piece of yarn to the triangle so you can hold it.

-
As you hold the triangle above your class’ heads, have each child grab hold of one of the strings, pulling it tautly.
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Tap the triangle with a mallet or similar device.  Each child will be able to feel the vibrations of the triangle through the string.
[image: image28.wmf]Explore Activity #19:  Feel the Vibrations, III. 

-
Using a small toilet paper roll, loosely wrap a small piece of wax paper over one end; secure it with a rubber band.  

-
Distribute a roll to each child.  

-
Have each child hum or blow into the open end.  

- Then have each child gently rest their open palm or just their fingertips under the tube, against the wax-papered end.  The vibrations should be easily felt as they hum into it.
[image: image29.wmf][image: image30.wmf]Explore Activity #20:  Showing Vibrations  

-
Using a small metal tin container or a shoebox, stretch three different weight rubber bands across the open top.  Leave some space between the rubber bands so you can pluck them individually.  

-
Twang or strum across each rubber band.  Compare the sounds.

-
Have your class hold onto the container and let them feel the vibrations being transmitted through the metal as you twang the rubber bands.

Explore Activity #20:  Showing Vibrations (cont’d)
-
Place two different colored sands inside the tin (or shoebox) and once again twang separately on each of the rubber bands.

· How does the rubber band move when you pluck it?  

· What happens to the sand as you pluck or strum on the rubber band?  

· Does the sand move the same distance when the different rubber bands are plucked?
Explore Activity #21:  Change-Up Pitches 

-
Using paper hot cups (not Styrofoam) cut two ¼” vertical slits into the rim, opposite one another.

-
Wrap a rubber band around the cup, catching it in each of the slits.  

-
Twang or pluck the rubber band, then change the length of the rubber band by squeezing the sides of the cup.  You should get a nice range of pitches!
Explore Activity #22:  Cup Telephone 

Just a whisper into a cup telephone is amplified and efficiently transmitted from one end to the other.  NOTE:  the sounds transmitted through a thin string or crocheting thread is intense for any age ear, please modify your cup telephone design as described below to make safer phones.  

Preparing Safe Cup Telephones

· Do not use a paperclip to affix yarn inside the cup, use tape instead.  Use wax coated 5 oz. paper cups to minimize the chances that the bottoms will pop when the yarn is pulled taut.  Test the cup bottom by seeing if it’s a popper.  Use heavyweight yarn instead of string to prevent hearing injuries!
Amplifying Sounds.  To demonstrate how sound is amplified prepare a sample cup as follows:  

-
Thread a 12-inch string (crochet or yarn) through the bottom of a paper cup.  

-
Hold the cup by string out in front of you, so that the cup dangles about waist high.  

-
With your free hand, rub the string between your thumb and forefinger.  You will be able to hear a very loud scraping sound!

Using Your Cup Telephones

-
Separate the class into two groups and distribute the cup telephones.  

-
Have them stand far enough apart so that the yarn on their cup telephones is pulled taut between each pair of students.  

-
Before you begin the communication phase of the experiment, have your class watch as you pluck or strum the yarn with your finger.  They should be able to observe the yarn vibrating.  

-
Have them listen to what the “plucking” sounds like through the cup telephone. 

- Have your class pass a secret word related to your exploration of the sense of hearing (such as sound and vibration). 
Explore Activity #23:  In Synch…

Art and music has always evoked emotions and moods in people.  Crank up the radio or CD player and dance, or pick up a paintbrush and paint to beat of the music!  
Explore Activity #24:  Strike Up The Band!

Make one or musical instruments with your class, including: a simple rubber band guitar/banjo using a shoebox or a toilet paper roll shaker instrument filled with dried beans.  In addition you can make wind chimes using a variety of metal objects, such as spoons, or by hanging a variety of different sized clay pots or PVC tubing cut to different lengths.

Specialized Animal Senses:  Five Senses & Then Some!

Animal senses may differ from humans and other primates in several ways:  1) animals may have specialized organs; 2) their sense organs may be located in different places from what might be considered traditional; 3) their sense organs may be more finely adapted, such as for night vision; and, 4) their sense organs often function beyond human norms and ranges.  

Discuss several different types of specialized animal senses, including how:

· Reptiles taste with their tongues.  

· Butterflies have taste receptors on their legs.  

· Earthworms have taste receptors all over their bodies.  

· Many animals have a keen sense of smell, especially pigs and dogs.  

· Dogs, and many other animals, can hear sounds we can’t. 
· Bees and other insects are able to see ultraviolet light.
Echolocation.  

Bats, dolphins and whales use sound in a unique way…to navigate as well locate food.  Echolocation lets the animal know how close something is, where it is and, to some extent, how large it is.  In a way, animals use sound to see.  

How Echolocation Works.  Animals send out a high frequency sound signal, which we can’t hear.  As the sound wave travels, it bounces off another object and back to the animal.  This bounce-back wave is the echo.  The echo returns to the animal in a certain amount of time.  An echo from an object farther away takes a longer time to return to the animal.  While the echo from an object that is closer returns faster.  
Explore Activity #25:  Feel The Vibrations, IV 

WARNING!  This activity must always be conducted under adult supervision.  Children should never place the strings directly into their ears, or the part of their fingers that are wrapped with the string!  This activity shows how sound is transmitted through solids materials, such as bone.  Marine mammals, including dolphins and whales, use the bones in their heads to echolocate. 

-
Drop a metal spoon or a metal hanger on the floor.  Listen to the sound.  

-
Using the same spoon (or hanger), tie a piece of 12”-15” long crochet string or yarn to it (1 per child).   

-
Hold the spoon by the string and let it swing against a hard surface (countertop, table, etc.).  Listen to the sound.

-
Next, have each child wrap the end of the string around one of their index fingers, and then have them rest the tip of their finger near the outside of their ear.  For safety’s sake, they can also place their finger near their temple.  Again, do not put the string or part of the finger wrapped in string directly into the ear!  

-
Dangle the spoon and allow it to swing into the same hard surface you used before.  Listen to the sound, hear and feel the vibrations!  


· Can you feel the vibration through the string?  What if you used a different type of string, like yarn?

· Compare the spoon sound to the hangar sound.  How do the sounds compare? 
· Why does the clanging spoon sound different when you use the string?  Does it vibrate differently on the string as compared to just dropping it?
Explore Activity #26:  Echoes & Echolocation

Part I

Take a field trip to a multi-stall bathroom.  The chambered room creates a type of echo, while also amplifying sounds.  You should be able to easily hear the differences between how things sound in the bathroom.  

Part II

-
Provide each child with an Echo Chamber (toilet paper roll).  Have them listen through the tube.  

-
Tell your class they are hungry dolphins (or whales) in search of food.  Have them speak into the tube, saying, “We are dolphins looking for food.”  

-
Provide each child with a Fish Stick (a small fish picture glued to the end of a craft stick).  

-
Have them repeat the phrase, “We are dolphins looking for food,” only this time they should place the Fish Stick at the end of the tube, covering the opening.  

-
Have them repeat the phrase several times moving the fish stick back and forth, and bringing it closer and farther away from the opening.  

-
Listen to the difference in the sound.  

· When you listen through the tube, are sounds louder or softer?  How does your voice sound, the same or different?  

· Can you feel the vibration on your hands, or lips? 

· Is there a difference in the sound when the Fish Stick is near the end of the tube?  

· How does the sound change as you move around the Fish Sticks?
Take Me Home!





What’s happening…In the last part of Explore Activity #17, you are asked to cover the glass with your hand.  Why does covering the glass change the nature of the sound produced?  What change has occurred at the source of the sound by covering the glass with your hand?  Can you hold the glass in another way and also affect the nature of the sound produced? 


Think about the experiment and the nature of sound.  By holding or covering the glass you affect the ability of the glass to vibrate freely.








Did you ever wonder why spinning makes 


you dizzy?  Blame your middle ear.  The fluid in the inner ear spins with us.  After we may stop moving, the fluid keeps going for a little while longer and so we feel unbalanced.











how2 Use Your Questions:  


Develop the key concepts for your science story;


Identify what additional background information you need to obtain; 


Engage students in inquiry-based explorations; and,


Identify areas where companion experiments, demonstrations and/or activities can be used to illustrate the key concepts.
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Key Concept:  What is sound?  











Take Me Home!
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What type of Take-Home project(s) related to Activity #14 could you do with your class?  Is there a musical instrument you could make in class?  Is there a type of musical instrument that is reminiscent of a shaker toy?  Are there other types of hand-held shaker type instruments you could “play” in class?
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Key Concept:  What is sound?  Where does sound come from?
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Take Me Home!








Key Concept:  What do you use to hear with?  How does the ear look?
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Key Concept:  What does sound do?  How does sound move? 





Key Concept:  How do we use our sense of hearing?
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Take Me Home!
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Why do you think most animals have good hearing?  Animals must rely on their senses to survive.  The better their hearing, the greater advantage they have.  Being able to hear well can be an advantage for both the predator and the prey.
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