Appendix A

Dangerous Decibels Glossary

Auditory Nerve
The nerve that carries electrical signals generated by sound from the inner ear to
the brain.

Auricle
The visible part of the outer ear. Also called the pinna.

Basilar Membrane
The membrane that forms the lower boundary of the cochlear canal, and on
which rests the organ of Corti, of which the hair cells of the cochlea are part.

Cerumen
Ear wax.

Cilia
Small finger-like or hair-like projections from cells in the body

Cochlea
The spiraled part of the inner ear that contains the organ of sound reception.

Decibel

The unit of measure commonly used to describe the loudness of sounds in our
environment. Based on a logarithmic scale in which an increase of 20 decibels (20
dB) indicates an increase in sound loudness by a factor of 10, 40 dB indicates
increasing by a factor of 100, and 60 dB indicates increasing by a factor of 1000.

dB
A measure of sound intensity (abbreviation for Decibel)

Eardrum
The tympanic membrane, the inner end of the auditory canal.

External Auditory Canal
The conduit from the auricle, or pinna, to the tympanic membrane.

Frequency
The speed with which a repetitive wave repeats itself
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Hair Cells

Microscopic cells within the inner ear that have tiny, finger-like projections on
top. These “hairs” are moved back and forth by the pressure wave in the inner
ear fluid. Motion of the hairs leads to the activation of nerves, and it is the
electrochemical impulses in these auditory nerves that are transmitted to the
brain causing hearing sensations.

Hertz

A unit of frequency (of change in state or cycle in a sound wave, alternating cur-
rent, or other cyclical waveform) of one cycle per second. It replaces the earlier
term of “cycle per second (cps).” The unit of measure is named after Heinrich
Hertz, German physicist.

Inner Ear

A complex structure of interconnected fluid-filled chambers and canals within the
bone of the skull. One portion of the inner ear is not involved in hearing, but
instead provides a sense of balance. The other portion of the inner ear, called the
cochlea, is the organ of hearing.

Kazoo
A musical instrument made by blowing against paper folded around a comb.

Labyrinth
The interconnected fluid-filled chambers of the inner ear.

Malleus
The bone or ossicle of the middle ear that is attached to the eardrum.

Middle Ear

The air-filled space between the eardrum and the inner ear, containing the three
middle-ear bones (the hammer or malleus, the anvil or incus and the stirrup or
stapes).

Mode
The way an object vibrates. Mode depends on shape, thickness, material and
many other factors.

Node

Points on an object that vibrates with zero amplitude (remain motionless), while
other surrounding points have non-zero amplitude (move). Nodes are points for
a one-dimensional object like a string, or lines for a two-dimensional object like a
plate.

Oscillation
Back and forth movement that repeats regularly between two fixed positions.
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Oval Window
An opening into the inner ear that is filled by the “footplate” of the stirrup
(stapes).

Perception
Physical sensation (e.g. touch, taste, hearing, vision) as interpreted by the brain

Pinna
The visible part of the outer ear, also called the auricle. If you can wiggle your
ears, this is what you wiggle.

Pitch

The aspect of sound that depends on our ability to perceive different sound
frequencies; high-pitched sounds are those with relatively high sound frequencies
(e.g. above 1000 cycles per second) while low-pitched sounds are generally those
with relatively low sound frequencies (e.g. 200 cycles per second or lower).

Pollution
The concentration of a substance (or sound) to levels harmful to the natural envi-
ronment (including humans).

Reflection
Bouncing back of wave energy. When a wave strikes the boundary between two
media in which the wave’s velocity is different, part of the wave is reflected.

Sensitivity
The degree to which one responds to a stimulus.

Sound Wave

A longitudinal wave of motion, spread through oscillating molecules, initiated by
a vibrating surface or by a sudden, rapid force (as in an explosion). In the case of
sound waves, the molecules do not actually move to a new location, instead each
set of molecules “bumps” the molecules next to it, progressively transferring
motion to new sets of molecules further and further away from the sound source
until the wave motion dies out.

Stapes
The tiny stirrup-shaped ossicle of the middle ear that contacts the oval window of
the cochlea.

Stereocilia
Tiny hairs. See “hair cells” of the inner ear.

Tinnitus
Ringing or other sounds in your ears or head, not caused by any outside source
of sound.
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Tuning Fork
A special instrument used for producing a specific tone when the fork is struck.

Tympanic Membrane

The ear drum; this is a very thin membrane that forms the inner ear of the ear canal.
The ear drum is the first component in the system of mechanical transmission of
sound energy through the middle ear.

Vibration
A regular movement or shaking back and forth of some object

Wave

A moving disturbance (of molecules or of energy); in wave motion, energy is
transferred to a new location but matter remains in its original location even
though the wave motion travels through the matter.

Dangerous Decibels® Teacher Resource Guide www.dangerousdecibels.org
© Oregon Museum of Science and Industry, 2005



(wnJpJea)

sueiqwiaw djuedwA|
MOPUIM puUnoy

aqgn1 ueiyoeisny

N

MOPUIM |eAQ

(p21ed0| 248

|leued
$|[92 41ey Y1 2419YM) Kioupne
914200 |eula1x3

(a]

X

©

c

e

o
< (3pune)
1e3|Yyd020|NQIISaA euuld

sjeued (dnuns) sadeig

1e|N2JIDIWSS (l1AuUY) snouj $3|21SSO
(JawwieH) snajje

— EEA N D N __/
\4 \4

Jeo |eulalu| 1eo 9|PPIN Jeo |eulalxXy

92

www.dangerousdecibels.org

Dangerous Decibels® Teacher Resource Guide
© Oregon Museum of Science and Industry, 2005



93

Appendix C

Decibel Scale of Common Sounds

EXAMPLE NOISE LEVELS IN DECIBELS

Noise Source

Jet takeoff (25 M)

Aircraft carrier deck

Jet takeoff (100 M)
Thunderclap, live rock music,
Chain Saw

Steel Mill, Riveting, auto horn
at 1 M

Jet takeoff (305 M), outboard
motor, power lawn mower,
motorcycle, farm tractor,

jackhammer, garbage truck

Busy urban street, diesel truck,
food blender

Garbage disposal, dishwasher,
average factory, freight train
(15 M)

Freeway traffic at 15 M,
vacuum cleaner

Conversation in restaurant,
office, background music

Quiet suburb, conversation
at home

Library
Quiet rural area
Whisper, rustling leaves

Breathing
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Decibel Level
150
140
130
120

110

100

90

80

70

60

50

40
30
20

10

Noise Effect
Eardrum rupture

Earphones at high
level

Human pain

threshold

Serious hearing
damage (8 hrs)

Hearing damage
(8 hrs)

Possible hearing

damage

Annoying

Quiet

Very Quiet

Threshold of
hearing

www.dangerousdecibels.org



Appendix D

Normal stereocilia photo -
David J. Lim. Functional Structure of the
Organ of Corti: A Review. Hearing
Research, 22 (1986) 117-146 Elsevier 2b —

Damaged stereocilia photo -
Hunter-Duvar, I.M. (1977): Morphology
of the normal and the acoustically dam-
aged cochlea. SEM 1977, Il, 421-428.
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Flaming Pickle -

whole stereocilia cell

Peter Gillespie and Janet Cyr, Oregon
Hearing Research Center, Oregon
Health & Science University.
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Appendix E

?\\%@) How Loud Is
) Too Loud?

An activity to do at home or with a youth group.
Construct a fun learning tool to help recognize
safe levels of exposure to various sounds.

SCIENCE TOPICS PROCESS SKILLS GRADE LEVEL
Sound Observing 7-12 (requires
Decibels Measuring reading)

Sense of Hearing Comparing

TIME REQUIRED

Getting Ready Activity

15 minutes 30 minutes

SUPPLIES YOU’'LL NEED

1 per person of the following
. Paper fastener (brad)
Masters A and B

1 per group of the following
° Scissors

Glue or Scotch tape
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GET READY

For the adult supervisor.

° Have supplies on hand.

° Print or photocopy Master A and Master B for each person. (These are
the large circles with the dotted lines for cutting.)
° For older children, print or copy the sections in boxes so they can follow

instructions to do the activity independently. If you will be working with
a group, follow the instructions below to make a sample “How Loud Is
Too Loud” wheel to show the children.

TALK WITH THE
CHILDREN FIRST

Questions for the parent or adult supervisor to ask
children before the activity to get children thinking
about sound.

Ask the children the following questions in bold.
Possible answers are shown in italics.

What are some quiet sounds?
Whispering, music (sometimes!), a baby breathing, the
wind, tiptoe steps, sleeping, mice, the TV turned down
very low, a feather falling, etc.

What are some loud sounds?

Motorcycles, music (sometimes!), drums, guns, lawn-
mowers, hammers, crying babies, cats fighting, scream-
ing, concerts, car races, motor boats, etc.

Are sounds ever too loud?
Some children will say yes, others may say no. Let them
voice their opinions.
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STEPS TO FOLLOW

What do you usually do when you are around loud
sounds?
Again answers will vary.

If you are working with a group, show children your
sample “How Loud is Too Loud “ wheel so they can
visualize what they will make.

Hand out a copy of Masters A and B to each child.
Masters A and B are the inner and outer wheel for them
to cut.

MAKING THE “How Loud Is Too Loud” WHEEL
You may give the older children the instructions and
let them work on their own. Younger children may
need supervision or help.

How to Make a “How Loud Is Too Loud” Wheel

Step 1.
Step 2.

Step 3.

Step 4.
Step 5.

Step 6.

Step 7.

Find the paper with a picture of an ear in the middle.
Cut along the black dotted line.

Find the paper with a circle that looks like a bicycle
wheel with spokes.

Cut out the circle by cutting along the black dotted.
Place both circles with the pictures facing up on the desk.

Put your circles with the picture of the ear on top of the
circle with the spokes.

Join the two circles by pressing and fastening a brad
through the center of both circles at the black dot.

You have completed your “How Loud is Too Loud” wheel.
To use your wheel, hold the top circle and turn the bottom
circle until you can see a picture in the “SOUND"” window.
Directly across from it, you can see how many decibels
are produced, on average, by the sound source. It also
tells you how long you can listen to it before hearing

damage can occur.
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FURTHER DISCUSSIONS

What are some quiet sounds? Some loud sounds?
Talking is a quiet sound. The rock concert and the chain
saw are very loud sounds.

Which sounds could damage your hearing quickly?
Can you think of other sounds that might be too loud?
Stereo headphones, a rock concert, and a chainsaw.
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Does it matter how long you listen to a sound?
Children may have noticed that every sound on their
wheel had a time attached to it (except the safe sound
level from conversational talking).

The times on the “How Loud Is Too Loud Wheel” refer
to the amount of time you can listen to a sound before
your hearing is damaged.

Note: Even when hearing damage occurs, the impact on
your total hearing is gradual.

Rock musicians often don’t notice they have damaged
their hearing until it is too late. Most rock musicians
have hearing loss.

To prevent noise-induced hearing loss: Study the
Caution Message signs on your wheel and follow the 3

basic rules:
P e k|
| |
! 3 basic rules to........ PROTECT YOUR EARS! :
) )
- 1. Turn It Down (Turn down the volume!) !
) )
I 2. Walk Away :
i :
: 3. Protect Your Ears |
1 (Earplugs, ear muffs and fingers in the ears work. :
i Tissue in the ears doesn’t work.) |
1 1
b e e e ]

LEARN MORE

In-depth background information for adults
and interested children.

Visit the Dangerous Decibels Exhibit at the Oregon Museum of Science and
Industry (OMSI) in Portland, Oregon. Book an OMSI Dangerous Decibels
program in your community (if you live in the Pacific Northwest of the
U.S., or visit www.dangerousdecibels.org.
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More about ‘How Loud is Too Loud’: Noise Pollution

Noise is defined as “unwanted sound” and it is America’s most wide-
spread nuisance. It is not a new problem. In the first century BC, Julius
Caesar banned chariots in Rome to cut down the deafening noise of
chariot wheels on stone roads. Throughout the ages people have
complained that they can’t “hear themselves think” due to noise. Some
people talk of “moving to the country” to get away from the noise of
the city. Noise presents a real danger to people’s hearing and general
health. In addition to the damage noise can cause to our ability to hear,
noise can produce other physical and psychological stresses. Although
we may seem to become accustomed to noise, our bodies still respond
and our hearing capability gradually diminishes. Noise exposure has
been linked to:

* permanent hearing damage resulting in reduced ability to communicate
* increased adrenaline, high blood pressure and faster heart rate

* heart and circulatory disease

* overall stress on the body

¢ problems with fetal development and low birth weight

* interference with the development of language skills

* interference with conversation and social interaction

¢ diminished work efficiency

¢ diminished quantity and quality of sleep

* increase in antisocial behavior, extreme emotions and behavior

* accidents, due to overall stress and due to obscuring audible alarms

Despite our knowledge that noise is damaging to our health, the noise
levels in our environments continue to rise. The Acoustical Society of
America indicates that since 1950 the volume of noise in daily life has
doubled every ten years.

Unfortunately, the damage that sound can inflict on our ears does not
depend on whether we like it or not. A concert can be just as damaging as
noise from firearms or sirens or noisy engines. Also, growing
accustomed to loud noise does not diminish its ability to damage our
hearing or to cause other physiological effects.
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TAKE IT FARTHER...
TEST THE SOUNDS AROUND YOU

Make your own “How Loud Is Too Loud” wheel

SUPPLIES

. a sound level meter (purchase, e.g. from Radio Shack™, or borrow one)
° paper

o paper clips or glue stick

. scissors

o ruler

o something to draw with (crayons, colored pencils, markers, etc.)

Measure and draw 12 rectangular boxes 1.5 inch by 1 inch (3.5 by 2.5 cm).
Choose 6 sources of sound in your environment.

Draw small pictures of 6 sound sources in 6 of your small boxes.

Use a sound level meter to measure the decibel level for the sound sources
from each of your 6 pictures.

Write down the decibel sound pressure level reading for each sound on the
back of the picture of the sound. Write the same decibel reading in one of
the 6 empty rectangular boxes along with the “safe listening times” from
the following table:

Decibel Level Length of Time
85 8 hrs.
88 4 hrs.
91 2 hrs.
94 1 hr.
97 30 min.
100 15 min.
115 30 sec.
° Cut out your twelve boxes.
. Place one of your sound pictures over each of the six print pictures on
the bottom circle of your “How Loud Is Too Loud” Wheel. (Master B)
o Place the rectangular box with the matching sound level reading on
the opposite side of the circle.
° Attach the pictures and the sound level measurements with paper
clips or glue stick.
o Assemble your personalized “How Loud is Too Loud” Wheel.
o Use the wheel to teach or quiz you family and friends.
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Appendix F

Alignment of Dangerous Decibels Curriculum with
Science Standards and Benchmarks

Science Standards taken from National Science Education Standards:
http://www.nap.edu/readingroom/books/nses/html/

PHYSICAL SCIENCE STANDARDS

Properties of Objects and Materials

Objects have many observable properties, including size, weight, K-4
shape, color, temperature, and the ability to react with other

substances. Those properties can be measured using tools, such

as rulers, balances, and thermometers.

Position and Motion of Objects

Sound is produced by vibrating objects. The pitch of the sound K-4
can be varied by changing the rate of vibration

Transfer of Energy

Energy is a property of many substances and is associated with 5-8
heat, light, electricity, mechanical motion, sound, nuclei, and the
nature of a chemical. Energy is transferred in many ways.

LIFE SCIENCE STANDARDS

The Characteristics of Organisms

Each plant or animal has different structures that serve different K-4
functions in growth, survival, and reproduction. For example,

humans have distinct body structures for walking, holding, seeing,

and talking.

Organisms and Their Environments

Humans depend on their natural and constructed environments. K-4
Humans change environments in ways that can be either
beneficial or detrimental for themselves and other organisms.
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Grade Level

DD Activity

Balloon Drum, Good
Vibrations,

Balloon Drum, Good
Vibrations, Shake It
Break It,

Balloon Drums, A
Sound Balancing Act,
Shake it Break |,
Shapes of Sounds,
Sound Measures

Balloon Drums, Good
Vibrations, A Sound
Balancing Act, Shake it
Break it

Balloon Drums, Goof
Vibrations, Shake it
Break it,
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LIFE SCIENCE STANDARDS CONTINUED

Structure and Function in Living Systems Grade Level

Specialized cells perform specialized functions in multicellular 5-8
organisms. Groups of specialized cells cooperate to form a tissue,

such as a muscle. Different tissues are in turn grouped together to

form larger functional units, called organs. Each type of cell,

tissue, and organ has a distinct structure and set of functions that

serve the organism as a whole.

Regulation and Behavior

Behavior is one kind of response an organism can make to an 5-8
internal or environmental stimulus. A behavioral response requires
coordination and communication at many levels, including cells,

organ systems, and whole organisms. Behavioral response is a

set of actions determined in part by heredity and in part from

experience.

SCIENCE IN PERSONAL AND SOCIAL PERSPECTIVES
STANDARDS

Personal Health

Individuals have some responsibility for their own health. Students K-4
should engage in personal care--dental hygiene, cleanliness, and
exercise--that will maintain and improve health. Understandings

include how communicable diseases, such as colds, are

transmitted and some of the body's defense mechanisms that

prevent or overcome illness.

The potential for accidents and the existence of hazards imposes 5-8
the need for injury prevention. Safe living involves the

development and use of safety precautions and the recognition of

risk in personal decisions. Injury prevention has personal and

social dimensions.

Changes in Environments

Changes in environments can be natural or influenced by humans. K-4
Some changes are good, some are bad, and some are neither

good nor bad. Pollution is a change in the environment that can

influence the health, survival, or activities of organisms, including

humans.

Science and Technology in Local Challenges

People continue inventing new ways of doing things, solving K-4
problems, and getting work done. New ideas and inventions often

affect other people; sometimes the effects are good and

sometimes they are bad. It is helpful to try to determine in advance

how ideas and inventions will affect other people.

DD Activity

Balloon Drums, A
Sound Balancing Act,
Shake it Break I,
Shapes of Sound

A Sound Balancing Act,
Shake it Break it,
Sound Measures, How
Loud is Too Loud

Goof Vibrations, A
Sound Balancing Act,
Shake it Break it,

Balloon Drums, A
Sound Balancing Act,
Shake it Break it,
Shapes of Sound,
Sound Measures, How
Loud is too Loud

Shake it Break it,

Shake it Break it,
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SCIENCE IN PERSONAL AND SOCIAL PERSPECTIVES
STANDARDS CONTINUED

Risks and Benefits Grade Level DD Activity

Students should understand the risks associated with natural 5-8 A Sound Balancing Act,

hazards (fires, floods, tornadoes, hurricanes, earthquakes, and Shake it Break it,

volcanic eruptions), with chemical hazards (pollutants in air, water, Shapes of Sound,

soil, and food), with biological hazards (pollen, viruses, bacterial, Sound Measures, How

and parasites), social hazards (occupational safety and Loud is too Loud

transportation), and with personal hazards (smoking, dieting, and

drinking).

Important personal and social decisions are made based on 5-8 A Sound Balancing Act,

perceptions of benefits and risks Shake it Break it,
Shapes of Sound,

Sound Measures, How
Loud is too Loud

Dangerous Decibels® Teacher Resource Guide www.dangerousdecibels.org
© Oregon Museum of Science and Industry, 2005



	DDB_TRG_Appendices_6.pdf
	Science Standards and Benchmarks




