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This work may not be reproduced by electronic or mechanical
means without the express written permission of the
Dayton Regional STEM Center, Dayton Ohio.
To request permission to copy portions of this material
please write to:
Montgomery County Educational Services Center
ICO: Executive Director, Dayton Regional STEM Center
200 South Keowee Street
Dayton, OH 45402-2242

Warning:
Any noise above 85 decibels can cause
hearing damage although exposure at
this level of noise would typically need to
be prolonged, on the order of hours. One
should be mindful of detrimental hearing
damage. Any noise over 130dB will
cause instant hearing loss.
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PROGRAM INTRODUCTION
Why the Engineering Design Process?
As an engineer, my obvious strengths are my mathematical skills, a detailed understanding of science and
technology, and my critical thinking skills. Many educators are aligning behind a movement to help increase
the numbers of students that are more scientifically and mathematically astute. Private industry and our government hopes that these efforts will result in an upcoming generation of inventors, engineers, mathematicians,
and scientists that will secure our national future and encourage individual advancement. While science is not
a panacea for everything, it has proved that it can be a driver for both economic and social progress.
To become an engineer or scientist requires a different approach to problems than what is traditionally promoted in a classroom. True science is as much about the process as the outcome. Scientists believe in fostering imagination, critical thinking, hands-on learning, and collaboration. There is not necessarily one correct
answer, and different solutions have unique and individual strengths and weaknesses in their own right.
Sometimes technology doesn’t currently allow us to achieve our goal, or the technology can have consequences that create a new set of problems. As an engineer, one is expected to produce a product or improve
it. This builds on the emerging foundation that scientists build in their pursuit of research and development.
We are traditionally handed a problem in our field of research and asked to design a solution, test it, and optimize the design to ensure the best product. Using this process model to teach can infuse students’ understanding of scientific and mathematical concepts while exposing them to the mindset of an engineer. These
lessons are meant to be an inspiration to the creativity of students in the broad fields of math and science, and
are meant to inspire awe instead of monotony by allowing the teacher and the student to experiment in an innovative approach to education.

Bruce Preiss
Aerospace Engineer

Engineering Design Process
The Engineering Design Process, EDP, is analogous to Project Design approach in which
students experience an intentional inquiry-based unit to nurture their own fascinations in science. Through experience of the EDP, children learn about a specific engineering career
field and use this new found knowledge to wonder about the possibilities of invention. The
inquiry-based lessons scaffold the use of the Engineering Design Process (Question, Think,
Design, Test, and Redesign) encouraging students to actively participate in this series of science lessons structured around Ohio state standards. Each lesson provides further scientific
experience, which fosters purposeful and reflective judgment on recently gained knowledge
as well as prior experiences. These EDP structured lessons, are meant to cultivate handson scientific inquiry. It should be noted that the EDP is very similar to the scientific method
however the EDP requires the production or improvement of a product/process whereas the
scientific method does not. (See page 9)
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The Engineering Design Process

Redesign

9

10

UNIT SUMMARY
Lesson

Time
Requirement

Summary

Pretest

Setup Time:
5 minutes

Administer the pre test to judge the level of understanding students have about sound concepts as they relates to Ohio Science Standards and accompanying unit concepts.

Pre Lesson:
Exploring
Sound

Setup Time:
15 minutes

Student driven inquiry will allow students to explore sounds generated from different Boom Wackers. Students will explore volume and pitch through their interactions with these sound tools.
Students will then watch a video on sound that will extend their
understanding of sound and prepare them for the unit they are
about to explore and concepts they will master. The teacher will
facilitate scaffolding and conceptual understanding of concepts
when it is elicited by the students.

Lesson 1:
Exploring
Volume

Setup Time:
5 minutes

Students will use the sound meters to record sound levels of
noises they commonly hear. Students will learn, sound can be
measured using a tool called a sound meter and that the volume
of sound is measured in decibels.

Lesson 2:
Exploring
Pitch

Setup Time:
5 minutes

Lesson 3:
Internet
Inquiry

Setup Time:
5 minutes

Lesson Time:
45 minutes

Lesson Time:
60 minutes

Students will see that sound is generated by something vibrating.
Students will explore that the same object can generate different
noises called pitches. Students will use this knowledge to create
a class generated graph that represents the pitch qualitatively in
relationship to amount of ruler allowed to vibrate.

Students will explore a website to learn more about pitch and volume in relationship to sound created from different objects.

Lesson Time:
45 minutes
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UNIT SUMMARY CONTINUED
Lesson

Time
Requirement

Lesson 4:
David &
Kayleen Explore Sound

Setup Time:
5 minutes

Lesson 5:
Acoustical
Engineer

Setup Time:
10 minutes

Lesson 6:
Exploring
Sound using
the EDP

Setup Time:
15 minutes

Lesson Time:
60 minutes

Lesson Time:
60 minutes

Lesson Time:
60 minutes

Setup Time:
Lesson 7:
Data Analysis 5 minutes
Lesson Time:
25 minutes

Summary

Students will experience a problem created by sound and explore
possibilities for dealing with unwanted sound through a fictional
story. Students will be exposed to the scientific career field of an
acoustical engineer. Students will see how the Engineering Design Process is employed by David and Kayleen to solve their
noise problem.
Students will explore what an acoustical engineer does including
the tools one would use to solve different problems relating to
noise. Students will participate in a discussion about acoustical
engineers and then use their new found knowledge to create their
own acoustical engineering lab.
Students will use the Engineering Design Process to start their
own sound investigation. Students will investigate factors influencing the perceived volume of a sound. Students will explore
absorptive properties of different materials and their affects on
recorded decibel readings.
Students will use the data collected in lesson six to construct a
bar graph that visually represents the absorptive properties of
paper, foil, foam, and cotton batting as well as their control reading which was with nothing between the noise and the sound meter or ear.
Teachers Note: It is recommended that 1st and 2nd graders use
the Stompers results and that 3rd graders use the quantitative
data collected from the Sound meter station.

Lesson 8:
Engineering
Ear
Protection

Setup Time:
10 minutes

Lesson 9:
Redesign

Setup Time:
5 minutes

Lesson Time:
60 minutes

Lesson Time:
45 minutes

Students will focus on the Design step of the Engineering Design
Process to create a detailed “Design” for making ear protection
that includes a labeled diagram, reflecting necessary materials
for construction of hearing protection. Students will create and
test their ear protection.
Students use the ideas generated at the end of lesson 8 to redesign their ear protection in an attempt to produce a modified design that absorbs even more sound than their first design.
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UNIT SUMMARY CONTINUED
Lesson

Time
Requirement

Lesson 10:
Letter to
David &
Kayleen

Setup Time:
5 minutes

Post Test

Setup Time:
5 minutes

Lesson Time:
70 minutes

Summary

In this lesson, students will incorporate their new found understanding of acoustical engineering, the Engineering Design Process, tools, strategies, testing and redesigns, to formulate a letter
to David & Kayleen with suggestions to help solve their problem.
Administer the post test to judge the level of understanding individual students have gained about unit concepts as they relate to
Ohio Science Standards and accompanying unit concepts.
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UNIT MATERIALS LIST
Lesson
Pretest

Materials

Optional Materials

Pretest

Electronic White Board
Student Response System

Pre Lesson:
Exploring
Sound

Boom Wackers (set of at least 12
pipes)

Lesson 1:
Exploring
Volume

2-4 Decibel Meters (sound meters)

Teachers Domain Video:
Understanding Vibration and Pitch

Lab sheet
Microsoft Excel
Electronic White Board

Lesson 2:
Exploring
Pitch

Class set of rigid plastic rulers
Desk or table
Electronic White Board
Microsoft Excel

Lesson 3:
Internet
Inquiry

Internet Access

Student Response System

Lesson 4:
David and
Kayleen
Explore
Sound

DVD Story: David & Kayleen Explore
Sound

Electronic Whiteboard or class access
to computers and internet

TV
Story: David & Kayleen Explore
Sound
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UNIT MATERIALS LIST CONTINUED
Lesson
Lesson 5:
Acoustical
Engineer

Materials

Optional Materials

Acoustical Engineer Power point
presentation
Electronic White Board
Acoustical Engineer Worksheet
Pencils
Scissors

Lab sheets
Lesson 6:
Exploring
4 sets of Stompers
Sound using
3-4ft sections of Packing foam
the EDP
3– 4ft sections of Aluminum foil
3– 4ft sections of Quilters batting
4 Large Paper bags
2 Small Paper bags
MP3 player & portable speakers
2 Sound meters
2 pair of Scissors
Masking Tape
Lesson 7:
Data
Analysis

6 colors of construction paper:
1 white sheet per student
4 sheets of the remaining 5 colors
Scissors
Glue Stick
Markers
Lesson 6 lab sheets
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UNIT MATERIALS LIST CONTINUED
Lesson

Materials

Optional Materials

2 sound meters
Lesson 8:
Engineering
MP3 player & speakers
Ear ProtecScissors
tion

MS Excel
Electronic White board

Masking Tape (~ 2 ft /student)
Aluminum foil
Small paper bags
Packing Foam& Packing Peanuts
Styrofoam cups (~ 2/student)
Foam bowls (~ 2/student)
Paper cups (~ 2/student)
Paper bowls (~ 2/student)
Cotton batting & Cotton balls
Chenille stems (~3/student)
Yarn
Lesson 9:
Redesign

Left over materials from Lesson 8

Lesson 10:
Letter to
David &
Kayleen

Lesson 8 Lab Sheets

Post test

Post test

MS Excel
Electronic White board

Lesson 9 Lab Sheets
Large envelope

Electronic White Board
Student Response System
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LITERACY CONNECTIONS

Title

Author

ISBN

Ears are for hearing

Paul Showers

0690047185

Hearing (Senses and Sensors)

Alvin Silverstein

0761316663

Hearing

Ed Catherall

0382066499

My Ears (Welcome Books)

Lloyd G. Douglas

0516221264

My Five Senses

Aliki

006445083X

Scholastic’s The Magic School Bus in the haunted museum: A Book About Sound

Linda Beech and Joel Schick

0-590-48412-5

Sound

Jenny Karpelenia

075694452X

Sound

Lisa Trumbauer

1567843425

Sounds all around

Wendy Pfeffer

0064451771

Sound and Hearing (Science Experiments)

John Farndon

043113720X

Sound & Hearing (My World of Science)

Heinemann

0761410910

Sound Science

Etta Kaner

020156758X

The Listening Walk

Paul Showers

The story of your ear

Alvin Silverstein and Virginia B.

Additional resources:
http://www.scholastic.com/magicschoolbus/games/
sound/

Silverstein
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0698307046
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DEFINITIONS
Absorb– to soak up
Acoustical Engineer– A person who solves problems involving sound and noise.
Decibel– A unit used to measure sound.
Ear Protection– Something that prevents damage to the ears.
Engineer– A person who designs solutions to problems.
Engineering Design Process- Steps an engineer or person can follow to solve a problem. Steps include
Question, Think, Design, Test, and Redesign.
Noise– unwanted sound
Pitch– The highness of lowness of a sound.
Sound– Energy that you can hear.
Sound meter– A tool used to measure sound.
Vibrate– To move back and forth, quickly.
Volume– The loudness of softness of a sound.
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Workbook pages 2-3

Pre
test
Acoustical

Engineering

Acoustics Unit
Setup Time: 5 minutes

Administer the pre test to judge the level of understanding students have about
sound concepts as they relates to Ohio Science Standards and accompanying
unit concepts.

Pre Test Answer Key:
1. B
2. B
3. C
4. A
5. B
6. A
7. C
8. C
9. B
10. A
11. C

Technology Integration
- Provide test questions on an electronic white
board.
- Record students answers using student response
systems.
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NOTES
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Pre
lesson: Exploring
Sound
Acoustical
Engineering
Acoustics Unit
Setup Time: 15 minutes

Summary
Student driven inquiry will allow students to explore sounds generated from
different Boom Wackers. Students will explore volume and pitch through their
interactions with these sound tools. Students will then watch a video on sound
that will extend their understanding of sound and prepare them for the unit they
are about to explore and concepts they will master. The teacher will facilitate
scaffolding and conceptual understanding of concepts when it is elicited by the
students.

Teacher Instructions
Teachers Note: This can be set up as a station for students to explore in days
before the lessons are started or as a class activity where students are broken
into two teams, the listeners and the music makers and then switched mid way
through class exploration. It is encouraged that in either situation, students are
provided with multiple opportunities to explore the Boom Wackers. The exploration and experimentation with the Boom Wackers is to be student driven.
1. Provide students with instructions on how to carefully explore these instruments.
2. Allow students to investigate what noises the different Boom Wackers
make.
3. Provide little scaffolding, allow students to lead their inquiry.
4. Explore student driven inquiry, if possible discuss students thoughts on
sound, noise, volume, and pitch.
5. Focus on student generated questions such as: “what if”, “what happens
when”, “how do you know”, and “how” questions.
6. Have students watch the Teachers Domain Video: Understanding Vibration
and Pitch
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Materials
Boom Wackers
(set of at least 12 pipes)
Teachers Domain Video:
Understanding Vibration
and Pitch

Pre
lesson: Exploring Sound
Acoustical

Engineering

Standards

NOTES

Grade K-2 Physical Sciences Benchmark B:
Recognize that light, sound and objects move in different ways.
2.1. Explore how things make sound (e.g., rubber bands, tuning fork and
strings).

Grade K-2 Physical Sciences Benchmark C:
Recognize sources of energy and their uses.
2.2. Explore and describe sounds (e.g., high, low, soft and loud) produced
by vibrating objects.

Grade K-2 Scientific Inquiry Benchmark A:
Ask a testable question.
1.1. Ask "what happens when" questions.
1.2. Explore and pursue student-generated "what happens when" questions.
2.2. Ask "how do you know" questions (not "why" questions) in appropriate
situations and attempt to give reasonable answers when others ask questions.
2.3. Explore and pursue student-generated "how" questions.

Grade K-2 Scientific Inquiry Benchmark B:
Design and conduct a simple investigation to explore a question.
1.3. Use appropriate safety procedures when completing scientific investigations.
2.2. Use appropriate safety procedures when completing scientific investigations.

Grade K-2 Scientific Inquiry Benchmark C:
Gather and communicate information from careful observations and simple in-

26

Pre
lesson: Exploring Sound
Acoustical

Engineering

Standards Continued
vestigation through a variety of methods.
2.5. Use evidence to develop explanations of scientific investigations. (What do you think? How do you
know?)
2.10. Share explanations with others to provide opportunities to ask questions, examine evidence and suggest alternative explanations.
Grade 3-5 Scientific Inquiry Benchmark B:
Organize and evaluate observations, measurements and other data to formulate inferences and conclusions.
3.2. Discuss observations and measurements made by other people.

Grade 3-5 Scientific Inquiry Benchmark C:
Develop, design and safely conduct scientific investigations and communicate the results.
3.6. Communicate scientific findings to others through a variety of methods (e.g., pictures, written, oral and
recorded observations).

Grade K-2 Scientific Ways of Knowing Benchmark A:
Recognize that there are different ways to carry out scientific investigations. Realize that investigations can be
repeated under the same conditions with similar results and may have different explanations.
1.2. Demonstrate good explanations based on evidence from investigations and observations.
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Workbook page 4

Lesson
1: Exploring
Volume
Acoustical
Engineering
Acoustics Unit
Setup Time: 5 minutes
Lesson Time: 45 minutes

Summary:
Students will use the sound meters to record sound levels of noises the commonly hear. Students will learn, sound can be measured using a tool called a
sound meter and that the volume of sound is measured in decibels.

Vocabulary
Decibel
Sound meter
Volume

In this Lesson, Students will
1. Work together in a group to explore noises from surrounding environment.
2. Use a scientific tool, the sound meter.
3. Record readings collected from the scientific tool.
4. Make sense of the collected data by determining that decibels relate to
volume.
5. Create a class generated table for the collected data.

Students Learn
1. How to work as a team when conducting an investigation.
2. A tool used to measure sound is called a sound meter.
3. Good scientific investigations will provide similar data.
4. Decibel (db) measure volume and a larger decibel reading indicates a
louder volume.
5. How to create a class chart and record collected data.
6. A loud sound will result in a higher decibel reading than a soft sound when
sounds are generated at the same relative distance from observer.
29

Materials
2-4 Decibel Meters
(sound meters)
Lab sheet
Microsoft Excel
Electronic White Board

Lesson
1: Exploring
Volume
Acoustical
Engineering

Teacher Instructions:

NOTES

1. Have students discuss sound. Guide students to establish that there are
different types of sound including volume changes and pitch changes.
Allow students to make different pitched noises at different volumes.
2. Ask why we should be concerned with sound and volume. Establish that if
the volume is too low we cannot hear it and if it is too loud, it can hurt our
ears and actually damage our hearing.
3. Explain that the students are going to explore the volume of sound using a
tool called a sound meter.
4. Show students how the sound meter works. Demonstrate the when a loud
noise is measured the sound meter displays a larger number than when a
soft noise is measured.
5.

Explain that the class will very quietly walk around the school and record
noises they hear by using the sound meter as their sound measurement
tool.

6. Explain that each student should have a turn using the sound meter and
sharing the reading on the meter.
7. Break students into groups based on the number or sound meters available.
Teachers Note: Use of a classroom assistant will allow students to conduct
inquiry in smaller groups. The assistant can read one half of the students
a story from the Literacy Connections while the other half of the class conducts their inquiry.

8.

Once students are in their groups, review how the sound meter works.

9.

Have students take their worksheet and writing utensils with them on their
sound walk.

10. Monitor student inquiry and scientific data collection.
11. If necessary return to the class and repeat investigation for second half of
the students.
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Lesson
1: Exploring Volume
Acoustical

Engineering

Teacher Instructions Continued:
12. Have students remain in their groups during the following discussion.
13. Use an electronic white board and Microsoft Excel to create a student generated table of recorded data.

Teachers Note: If you do not have access to this technology, use chart paper instead.

14. Discuss the loudest and softest noises.
15. Ask if any noises hurt the students ears.
16. Investigate evidence of incorrectly collected data and reasons for an incorrect reading (i.e. another noise).
Compare different groups of data recorded for various sounds. Elicit why these reading should be similar.
17. Save this table for classroom display.
Teachers Note: Use of a classroom website or blog to post this data will help to foster curiosity and
possible out of the classroom experiences.
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Lesson
1: Exploring Volume
Acoustical

Engineering

Guiding Question
What is volume? The loudness or softness of a sound.

Focus Questions
1.

How loud are the common noises we hear? Answer varies depending on student recorded data.

2. What type of tool can be used to measure sound? A sound meter.
3. What words can we use to describe volume? Soft and Loud (not high and low)
4. What units measure sound? The units used to measure sound are decibels.
5. When completing a scientific investigation why should we expect to have similar results as our peers?
Because groups are investigating the same thing.

Remember the

Engineering
Vocabulary definitions

Design Process

1. Decibel– a unit used to measure sound
2. Sound meter– a tool used to measure sound

Question

3. Volume– the loudness of softness of a sound

Think
Design
Test
Redesign
32

Lesson
1: Exploring Volume
Acoustical

Engineering

Standards
Grades K-2 Physical Science Benchmark B:
Recognize that light, sound and objects move in different ways.
2.1. Explore how things make sound (e.g., rubber bands, tuning fork and
strings).

Grades K-2 Physical Science Benchmark C:
Recognize sources of energy and their uses.
2.2. Explore and describe sounds (e.g., high, low, soft and loud) produced by
vibrating objects.

Grades K-2 Scientific Inquiry Benchmark B:
Design and conduct a simple investigation to explore a question
1.3. Use appropriate safety procedures when completing scientific investigations.
1.6. Use appropriate tools and simple equipment/instruments to safely
gather scientific data (e.g., magnifiers, timers and simple balances and
other appropriate tools).
2.7. Use appropriate tools and simple equipment/instruments to safely
gather scientific data (e.g., magnifiers, non-breakable thermometers, timers, rulers, balances and calculators and other appropriate tools).
2.8. Measure properties of objects using tools such as rulers, balances and
thermometers.

Grades K-2 Scientific Inquiry Benchmark C:
Gather and communicate information from careful observations and simple
investigation through a variety of methods.
(Grade 2- Indicator 5,9, & 10)
1.4. Work in a small group to complete an investigation and then share
findings with others.
1.5. Create individual conclusions about group findings.
1.8. Use oral, written and pictorial representation to communicate work.
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NOTES

Lesson
1: Exploring
Volume
Acoustical
Engineering

Standards Continued
1.9. Describe things as accurately as possible and compare with the observations of others.
2.5. Use evidence to develop explanations of scientific investigations. (What do you think? How do you
know?)
2.9. Use whole numbers to order, count, identify, measure and describe things and experiences.
2.10. Share explanations with others to provide opportunities to ask questions, examine evidence and suggest alternative explanations.

Grades 3-5 Scientific Inquiry Benchmark B:
Organize and evaluate observations, measurements and other data to formulate inferences and conclusions.
3.2. Discuss observations and measurements made by other people.
3.3. Read and interpret simple tables and graphs produced by self/others.
3.5. Record and organize observations (e.g., journals, charts and tables).

Grades 3-5 Scientific Inquiry Benchmark C:
Develop, design and safely conduct scientific investigations and communicate the results.
3.6. Communicate scientific findings to others through a variety of methods (e.g., pictures, written, oral and
recorded observations).

Grade K-2 Scientific Ways of Knowing Benchmark A:
Recognize that there are different ways to carry out scientific investigations. Realize that investigations can be
repeated under the same conditions with similar results and may have different explanations.
1.2. Demonstrate good explanations based on evidence from investigations and observations.

Grades K-2 Data Analysis and Probability Benchmark A:
Pose questions and gather data about everyday situations and familiar objects.
1.4. Read and interpret charts, picture graphs and bar graphs as sources of information to identify main
ideas, draw conclusions, and make predictions.

2.1. Pose questions, use observations, interviews and surveys to collect data, and organize data in charts,
picture graphs and bar graphs.
34

Lesson
1: Exploring
Volume
Acoustical
Engineering

Standards Continued
2.2. Read, interpret and make comparisons and predictions from data represented in charts, line plots,
picture graphs and bar graphs.

Grades 3-4 Data Analysis and Probability Benchmark A:
Gather and organize data from surveys and classroom experiments, including data collected over a period of
time.
3.1. Collect and organize data from an experiment, such as recording and classifying observations or
measurements, in response to a question posed.
3.9. Conduct a simple experiment or simulation of a simple event, record the results in a chart, table or
graph, and use the results to draw conclusions about the likelihood of possible outcomes.
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Lesson
1: Exploring Volume
Acoustical

Engineering

Technology Integration
1. Sound meters are used to support students in conducting inquiry.
2. Electronic white board and Microsoft Excel are used to support students and teachers in communicating
and collaborating as well as, assisting students and teachers in dealing effectively with data and the display of collected data.
3. Use of a class website or blog supports students, teachers, and care givers in communicating and collaborating in student inquiry.

Reflection
1. Review guiding question and focus questions.
2. Elicit that two adjectives we use to describe varying volumes of sound are soft and loud.
3. Inform students that they will next explore pitch, which is another part of understanding sound.
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Lesson 2: Exploring Pitch

Acoustical Engineering
Acoustics Unit
Setup Time: 5 minutes
Lesson Time: 60 minutes

Summary:
Students will see that sound is generated by something vibrating. Students will
explore that the same object can generate different noises called pitches. Students will use this knowledge to create a class generated graph that represents
the pitch qualitatively in relationship to amount of ruler allowed to vibrate.

Vocabulary
Pitch
Sound
Vibrate

In this Lesson, Students will
1. See that sound is generated by vibrations.
2. Use a ruler to generate different pitches.
3. Define pitch as the highness or lowness of a sound.
4. Participate in the creation of a class graph to record class findings from this
inquiry lab.

Students Learn
1. Sound is generated by something vibrating.

Materials

2. Pitch is the highness or lowness of a sound.
Class set of rigid plastic
rulers

3. The same object can generate different pitches.
4. Everyone is capable of doing science and conducting an experiment.
5. A graph will help create an organized visual representation of the class
data.

Desk or table
Electronic White Board
Microsoft Excel
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Lesson
2: Exploring
Pitch
Acoustical
Engineering

Teacher Instructions:

NOTES

Teachers Note: Before the lesson, create a bar graph within excel for students to record findings on the electronic white board. Students should be recording length of vibrating portion of the ruler and highness/lowness of pitch.
Use a picture of a sound wave (such as image 1) to aid students in creation of
their pictograph. An alternative to using Microsoft Word and an electronic
white board is large graphing paper.
Make sure there are a couple extra rulers as some are likely to snap during
experimentation.
1. Write “Pitch” on the board and discuss students perceptions of this term.
Write the definition after the word pitch on the board.
2. Elicit examples of high and low pitches. Examples may include a mouse
squeak as an example of a high pitch, a drum as an example of a low
pitch.
3. Explain that students are now going to investigate how vibrations control
the pitch of an object.
4. Remind students not to start until directed.
5. Distribute a plastic ruler to each student.
6. Have students hold the ruler on their desk so that 21 cm hangs off the
edge.
7. Instruct students to slightly pull down on overhanging edge and let go to
make ruler vibrate.
8. Elicit what students see, hear, and feel.
9. Discuss that sound is created when something vibrates for example, symbols crashing or a church bell ringing.
10. Direct students attention to the electronic white board. Have a student volunteer record the vibrating length and the pitch (as either high or low). If
necessary, have the class help determine the pitch after instructing a single student to repeat of the vibration at 21cm.
11. Have students hold the ruler on their desk so that 7 cm hangs off the edge.
12. Instruct students to slightly pull down on overhanging edge and let go to
make ruler vibrate.
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Lesson
2: Exploring Pitch
Acoustical

Engineering

Teacher Instructions Continued:
13. Have student volunteer record the vibrating length and the pitch. If necessary, have the class help determine the pitch after instructing a single student to repeat the vibration at 7 cm.
14. Have students hold the ruler on their desk so that 14 cm hangs off the edge.
15. Instruct students to slightly pull down on overhanging edge and let go to make ruler vibrate.
16. Have student volunteer record the vibrating length and the pitch. If necessary, have the class help determine the pitch after instructing a single student to repeat the vibration at 14 cm.
17. Discuss class findings by referring to the class generated graph.
18. Explore that you can have a loud and soft high pitch or a loud and soft low pitch.
Teachers Note: Students easily confuse the proper adjectives to describe volume and pitch. Creating a visual
representation for the students to refer to will help clarify proper adjectives, such as: Volume is measured as
soft and loud and pitch is measured by high and low.
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Lesson
2: Exploring Pitch
Acoustical

Engineering

Guiding Question
What is pitch? The highness or lowness of a sound.

Focus Questions
1. What is the relationship of vibration and pitch? Pitch is determined by what is vibrating.
2. What two words do we use to describe pitch? High and Low.
3. How do we change pitch? Change the vibration
4. Can an object make a high pitch with a soft volume? Yes.
5. Can the same object make different pitches of sound, give an example? Yes, student answers may vary
but can include: a vibrating ruler, a whistle, a plane, or a musical instrument.

Remember the

Engineering
Vocabulary definitions

Design Process

1. Pitch– the highness of lowness of a sound.

Question

2. Sound– energy that you can hear.
3. Vibrate– to move back and forth, quickly.

Think
Design
Test
Redesign(s)
40

Lesson
2: Exploring Pitch
Acoustical

Engineering

Standards
Grade K-2 Physical Science Benchmark B:
Recognize that light, sound and objects move in different ways.
2.1. Explore how things make sound (e.g., rubber bands, tuning fork and
strings).

Grade K-2 Physical Science Benchmark C:
Recognize sources of energy and their uses.
2.2. Explore and describe sounds (e.g., high, low, soft and loud) produced
by vibrating objects.

Grades K-2 Scientific Inquiry Benchmark B:
Design and conduct a simple investigation to explore a question
2.7. Use appropriate tools and simple equipment/instruments to safely
gather scientific data (e.g., magnifiers, non-breakable thermometers, timers, rulers, balances and calculators and other appropriate tools).
2.8. Measure properties of objects using tools such as rulers, balances and
thermometers.

Grades K-2 Scientific Inquiry Benchmark C:
Gather and communicate information from careful observations and simple
investigation through a variety of methods.

1.8. Use oral, written and pictorial representation to communicate work.
1.9. Describe things as accurately as possible and compare with the observations of others.
2.5. Use evidence to develop explanations of scientific investigations.
(What do you think? How do you know?)
2.9. Use whole numbers to order, count, identify, measure and describe
things and experiences.
2.10. Share explanations with others to provide opportunities to ask questions, examine evidence and suggest alternative explanations.

41

NOTES

Lesson
2: Exploring
Pitch
Acoustical
Engineering

Standards Continued
Grades 3-5 Scientific Inquiry Benchmark B:
Organize and evaluate observations, measurements and other data to formulate inferences and conclusions.
3.2. Discuss observations and measurements made by other people.
3.3. Read and interpret simple tables and graphs produced by self/others.
3.5. Record and organize observations (e.g., journals, charts and tables).

Grades K-2 Data Analysis and Probability Benchmark A:
Pose questions and gather data about everyday situations and familiar objects.
1.4. Read and interpret charts, picture graphs and bar graphs as sources of information to identify main
ideas, draw conclusions, and make predictions.
2.1. Pose questions, use observations, interviews and surveys to collect data, and organize data in charts,
picture graphs and bar graphs.
2.2. Read, interpret and make comparisons and predictions from data represented in charts, line plots, picture graphs and bar graphs.

Grades 3-4 Data Analysis and Probability Benchmark A:
Gather and organize data from surveys and classroom experiments, including data collected over a period of
time.
3.1. Collect and organize data from an experiment, such as recording and classifying observations or
measurements, in response to a question posed.
3.4. Support a conclusion or prediction orally and in writing, using information in a table or graph.
3.9. Conduct a simple experiment or simulation of a simple event, record the results in a chart, table or
graph, and use the results to draw conclusions about the likelihood of possible outcomes.
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Lesson
2: Exploring Pitch
Acoustical

Engineering

Technology Integration
1. Electronic white board and Microsoft Excel are used to support students and teachers in communicating
and collaborating as well as, assisting students and teachers in dealing effectively with data and the display of collected data.

Reflection
1. Review guiding question and focus questions.
2. Elicit that two adjectives we use to describe varying pitches of sound are high and low.
3. Elicit two adjectives we use to describe varying volume of sound are loud and soft.
4. Explain that next we will use the internet to combine our understanding of volume and pitch on an interactive website.
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Lesson
3: Internet
Inquiry
Acoustical
Engineering
Acoustics Unit
Setup Time: 5 minutes
Lesson Time: 45 minutes

Summary:
Students will explore a website to learn more about pitch and volume in relationship to sound created from different objects.

Vocabulary
Pitch
Volume
Sound

In this Lesson, Students will
1. Explore pitch and volume on a virtual guitar, drum, recorder, and water
bottle.
2. Use provided variables to change the pitch and volume.
3. Learn that vibrations enter the ear and cause us to hear sound.
4. Assess their understanding by participating in an online quiz.

Materials

Students Learn
1. Whenever sound is made, something vibrates.

Internet Access

2. Volume and pitch of a noise can be changed.

Electronic Whiteboard or
class access to computers
and internet

3. Sound is energy you can hear.

BBC changing sounds
worksheets
Optional:
Student Response System
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Lesson
3: Internet
Inquiry
Acoustical
Engineering

Teacher Instructions:

NOTES

Teachers Note: This lesson can be taught as a class lesson on an electronic
whiteboard with internet capabilities or for third graders this activity may be
completed in a computer lab where students work in pairs to explore the provided website.
1. Go to : http://www.bbc.co.uk/schools/scienceclips/ages/5_6/
sound_hearing.shtml
2. Complete web activity on Sound and Hearing by BBC. This lesson explores hearing and volume.
3. Discuss that the force or energy applied to the “blow” of air across the recorder is what changes the volume. Introduce the words force and energy.
4. Discuss examples of energy as energy to run a mile, power to turn on the
hair dryer, gasoline to make a car go.
5. Discuss examples of force are pushing, pulling, blowing, kicking, etc.
Teachers Note: The concept of energy and force are difficult for students to
grasp, students will not be expected to master these concepts. However,
exposure to these concepts is critical for academic growth expected in
higher grades.
6. Use quiz to gauge student understanding of the concept of volume
7. Go to: http://www.bbc.co.uk/schools/ks2bitesize/science/
physical_processes/changing_sounds/play.shtml
8. Complete web activity on Changing Sounds by BBC. This lesson explores
pitch.
9. Discuss the role of force and energy in this virtual experiment.
10. Use the quiz to gauge student understanding of the concept of pitch.
Teachers Note: It is recommended to use a student response system coupled with the electronic white board and internet to allow for instant feedback of student understanding on quiz questions. When a misconception
is spotted, refer back to recent internet experiences to help clarify any misunderstanding.
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Lesson
3: Internet Inquiry
Acoustical

Engineering

Guiding Question
How can volume and pitch be changed? Changing the force or energy applied to the object/ instrument will
change the volume. Pitch can be changed by altering the object, for example; how much water is in a bottle,
how tight or long a guitar string is, etc. Answers will vary based on students personal experiences and vocabulary.

Focus Questions
1. How do we hear a sound? Vibration enters our ears and we hear it as sound.
2. What happens to a sound as it gets farther away from our ears? The volume of a sound decreases, gets
softer, the further away it is from out ears.
3. How can pitch of an instrument be changed? Changing the part of the instrument that makes the sound,
for example: changing the length of a guitar string, blowing differently across a recorder will change the
pitch.
4. How can volume of an instrument be changed? Volume can be changed by changing the force or energy
applied to an instrument.

Remember the

Engineering
Vocabulary definitions

Design Process

1. Pitch- the highness of lowness of a sound.

Question

2. Volume- the loudness of softness of a sound.
3. Sound- energy that you can hear.

Think
Design
Test
Redesign
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3: Internet Inquiry
Acoustical

Engineering

Standards

NOTES

Grade K-2 Physical Science Benchmark B:
Recognize that light, sound and objects move in different ways.
2.1. Explore how things make sound (e.g., rubber bands, tuning fork and
strings).

Grade K-2 Physical Science Benchmark C:
Recognize sources of energy and their uses.
2.2. Explore and describe sounds (e.g., high, low, soft and loud) produced
by vibrating objects.

Grades K-2 Scientific Inquiry Benchmark C:
Gather and communicate information from careful observations and simple
investigation through a variety of methods.
1.8. Use oral, written and pictorial representation to communicate work.
2.5. Use evidence to develop explanations of scientific investigations.
(What do you think? How do you know?)
2.10. Share explanations with others to provide opportunities to ask questions, examine evidence and suggest alternative explanations.

Grades 3-5 Scientific Inquiry Benchmark B:
Organize and evaluate observations, measurements and other data to formulate inferences and conclusions.
3.2. Discuss observations and measurements made by other people.

Grade 3-5 Scientific Inquiry Benchmark C:
Develop, design and safely conduct scientific investigations and communicate
the results.
3.6. Communicate scientific findings to others through a variety of methods
(e.g., pictures, written, oral and recorded observations).
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Lesson
3: Internet
Inquiry
Acoustical
Engineering

Standards Continued
Grade K-3 Reading Process Benchmark C:
Draw conclusions from information in text.
Grade K-3 Reading Process Benchmark D:
Apply reading skills and strategies to summarize and compare and contrast information in text, between text
and across subject areas.
Grade K-3 Reading Process Benchmark E:
Demonstrate comprehension by responding to questions (e.g., literal, informational and evaluative).
1.5. Compare information (e.g., recognize similarities) in texts with prior knowledge and experience.
1.6. Recall the important ideas in fictional and non-fictional texts.
2.3. Compare and contrast information in texts with prior knowledge and experience.
2.4. Summarize text by recalling main ideas and some supporting details.
2.6. Answer literal, inferential and evaluative questions to demonstrate comprehension of gradeappropriate print texts and electronic and visual media.
3.5. Make inferences regarding events and possible outcomes from information in text.
3.7. Answer literal, inferential and evaluative questions to demonstrate comprehension of gradeappropriate print texts and electronic and visual media.

Grade K-3 Reading Applications Benchmark C:
Identify the central ideas and supporting details of informational text.
Grade K-3 Reading Applications Benchmark D:
Use visual aids as sources to gain additional information from text.
1.4. Identify central ideas and supporting details of informational text with teacher assistance.
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Lesson
3: Internet Inquiry
Acoustical

Engineering

Technology Integration
1. The provided websites support students and teachers in conducting inquiry as well as simulating real
world phenomena including the modeling of physical relationships.
2. Electronic white board or computers are used to support students and teachers in communicating and
collaborating as well as, assisting students and teachers in dealing effectively with data and the display
of collected data.
3. Student response system supports students and teachers in communicating and collaborating as well as
aids the teacher in dealing effectively with class generated data.

Reflection
1. Review guiding question and focus questions.
2. Review adjectives to describe volume as loud and soft and pitch as high and low.
3. Discuss that next we will read a story about a problem with sounds and use our gained knowledge to
explore this concept.
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Lesson
4: David
& Kayleen Explore Sound
Acoustical
Engineering
Acoustics Unit
Setup Time: 5 minutes
Lesson Time: 60 minutes

Summary:
Students will experience a problem created by sound and explore possibilities
for dealing unwanted sound through a fictional story. Students will be exposed
to the scientific career field of an acoustical engineer. Students will see how
the Engineering Design Process is employed by David and Kayleen to solve
their noise problem.

Vocabulary
Acoustical Engineer
Ear Protection
Engineer
Sound meter

In this Lesson, Students will
1. Hear that sound is energy, like light, heat and electricity.
2. Learn about some of the visible effects of sound, waves on water, meter
readings.
3. Be introduced to the Engineering Design Process and its five steps.
4. Hear how David & Kayleen address a noise problem.

Students Learn
1. Sound is energy, it can hurt and damage hearing.

Materials

2. Ears can be protected from harmful sounds.
3. An acoustical engineer works with sound and products that affect sound.
4. The Engineering Design Process can be used to help solve problems.

DVD Story: David &
Kayleen Explore Sound
TV
Story: David & Kayleen
Explore Sound
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Lesson
4: David
& Kayleen Explore Sound
Acoustical
Engineering

Teacher Instructions:

NOTES

Teachers Note: Setup DVD player and TV in advance. It is recommended that
you first watch the DVD and determine critical points in the story where you
want to pause the DVD and discuss key concepts such as vocabulary, the engineering design process, and introduction of acoustical engineering.
1. Discuss student’s personal knowledge about engineers.. Lead students to
conclude that engineers solve problems.
2. Introduce the story as a journey two children take to solve a problem by
becoming a special type of engineer, called an acoustical engineer.
3. Play the DVD; use focus questions to help guide students through the
story.
4. Pause at predetermined points to emphasize key concepts.
5. After finishing the story, have students provide the main idea of the story
including: loud sounds can damage or injure the ears, ears can be protected, David and Kayleen want to protect their ears.
6. Discuss the Engineering Design Process and how David and Kayleen
worked through the steps.
7. Elicit what materials students might use to protect their ears. Elicit how
that material might work.
Teachers Note: A hard copy of the story can be used as a reference throughout the upcoming lessons. Copies of the story can be printed for students to
read at home to strengthen understanding, curiosity, and home connections.
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Lesson
4: David & Kayleen Explore Sound
Acoustical

Engineering

Guiding Question
What did David and Kayleen want to do? Protect their ears from the loud noise and find out more about sound.

Focus Questions
1. What is an engineer? An engineer is a person who designs solutions to problems.
2. What does an acoustical engineer do? Acoustical engineers solve problems with sound or noise.
3. What process do engineers use to solve their problems and what are the steps involved in this process?
Engineers use the Engineering Design Process to solve their problems. The steps involved in this process
are Question, Think, Plan, Test, and Redesign.
4. What did Kayleen and David do that was like an engineer? David and Kayleen used the engineering design process to solve their problem by Questioning, Thinking, Planning, and Testing to come up with a
solution.
5.

What materials could David and Kayleen possibly use to create their ear protection? Answers will vary.
Teachers Note: Discuss properties of their suggested materials such as: hard, soft, heavy, light, thick, or
thin.

Remember the

Engineering
Vocabulary definitions
1. Acoustical Engineer-A person who solves problems involving sound and
noise.
2. Ear Protection- Something that prevents damage to the ears
3. Engineer– A person who designs solutions to problems.
4. Sound meter– A tool used to measure sound.

Design Process
Question
Think
Design
Test
Redesign
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Lesson
4: David & Kayleen Explore Sound
Acoustical

Engineering

Standards

NOTES

Grade K-2 Physical Science Benchmark B:
Recognize that light, sound and objects move in different ways.
1.5. Explore that effects some objects have on others even when the two
objects might not touch (e.g., magnets)
2.1. Explore how things make sound (e.g., rubber bands, tuning fork and
strings).

Grade K-2 Physical Science Benchmark C:
Recognize sources of energy and their uses.
2.2. Explore and describe sounds (e.g., high, low, soft and loud) produced
by vibrating objects.

Grade K-2 Science & Technology Benchmark A:
Explain why people, when building or making something, need to determine
what it will be made of, how it will affect other people and the environment.
2.2. Investigate why people make new products or invent new ways to
meet their individual wants and needs.

Grade K-2 Science & Technology Benchmark B:
Explain that to construct something requires planning, communication, problem
solving and tools.
1.7. Explore that several steps are usually needed to make things (e.g.,
building with blocks).
2.4. Communicate orally, pictorially, or in written form the design process
used to make something.

Grade 3-5 Science & Technology Benchmark A:
Describe how technology affects human life.
3.2. Describe ways that using technology can have helpful and/or harmful
results.
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4: David
& Kayleen Explore Sound
Acoustical
Engineering

Standards Continued
3.3. Investigate ways that the results of technology may affect the individual, family and community.

Grades K-2 Scientific Inquiry Benchmark C:
Gather and communicate information from careful observations and simple investigation through a variety of
methods.
1.9. Describe things as accurately as possible and compare with the observations of others.
2.10. Share explanations with others to provide opportunities to question, examine evidence and suggest
alternative explanations.

Grades 3-5 Scientific Ways of Knowing Benchmark D:
Explain that men and women of diverse countries and cultures participate in careers in all fields of science.
3.3. Explore through stories how men and women have contributed to the development of science.
3.4. Identify various careers in science.

Grade K-3 Communication: Oral and Visual Benchmark A:
Use active listening strategies to identify the main idea and to gain information from oral presentations.
1.1. Use active listening skills, such as making eye contact or asking questions.
1.2. Compare what is heard with prior knowledge and experience.
2.1. Use active listening strategies, such as making eye contact and asking for clarification and explanation.
2.2. Compare what is heard with prior knowledge and experience.
2.3. Identify the main idea of oral presentations and visual media.
3.2. Identify the main idea, supporting details and purpose of oral presentations and visual media.

Grade K-2 Social Studies Skills and Methods Benchmark:
Students collect, organize, evaluate and synthesize information from multiple sources to draw logical conclusions. Students communicate this information using appropriate social studies terminology in oral, written or
multimedia form and apply what they have learned to societal issues in simulated or real-world settings.
1.1. Obtain information from oral, visual, print and electronic sources.
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Lesson
4: David
& Kayleen Explore Sound
Acoustical
Engineering

Standards Continued
1.4. Identify main ideas from oral, visual, and print sources.
1.5. Communicate information orally or visually.
2.1. Obtain information from oral, visual, and print sources.
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Lesson
4: David & Kayleen Explore Sound
Acoustical

Engineering

Technology Integration
1. DVD may be used to adjust, adapt, or augment teaching and learning to meet the needs of individual
learners or groups of learners. Also, the DVD will aid in student inquiry of unit concepts and in inter classroom communication of the story and upcoming lessons.

Reflection
1. Review guiding question and focus questions.
2. Review and display vocabulary from lessons 1-4.
3. Review and display the Engineering Design Process.
4. Discuss that next students will learn more about Acoustical Engineers.
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Workbook pages 5-7

Lesson
5: Acoustical
Engineer
Acoustical
Engineering
Acoustics Unit
Setup Time: 10 minutes
Lesson Time: 60 minutes

Summary:
Students will explore what an acoustical engineer does including the tools one
would use to solve different problems relating to noise. Students will participate in a discussion about acoustical engineers and then use their new found
knowledge to create their own acoustical engineering lab.

Vocabulary
Acoustical Engineer
Noise
Sound
Sound meter

In this Lesson, Students will
1. Participate in a Power point presentation exploring Acoustical Engineering
and problems they solve.
2. Discover what tools an Acoustical engineer may use when solving a
problem.
3.

Equip their own fictional Acoustical engineering Lab, using provided worksheets.

Materials

Students Learn
1. Acoustical Engineers solve problems involving sound.
2. Acoustical Engineers work on problems involving noise control, hearing
loss, and music.
3. Acoustical Engineers use a variety of tools including sound meters, music
meters, recording devices, insulation materials.

Acoustical Engineer Power
point presentation
Electronic White Board
Acoustical Engineer Worksheet
Pencils
Scissors
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Lesson
5: Acoustical
Engineer
Acoustical
Engineering

Teacher Instructions:

NOTES

1. Prepare and review the Power point presentation, “Acoustical Engineer”.
Gather materials needed for the cut and paste portion of this lesson, including student workbook pages 5-7.
2. Use the Power point presentation to discuss sound, noise, hearing damage, and different problems Acoustical Engineers solve.
Slide Notes:
Slide 6: Displays a picture of the sonic boom cloud around a plane. (This
is when a plane flies faster than the speed of sound, 700mph)
Acoustical Engineers help to design the planes insulative panels
and pilots helmets to help insulate from this damaging noise. They
also help design the shape of the aircraft to minimize the sonic
boom.
Displays a picture of the foam ceiling tiles designed to dampen
sound in a room. Acoustical Engineers help design these tiles using different textures and materials
Displays a picture of a concrete sound wall built along a highway
to help absorb noise from the traffic. Acoustical Engineers help
design these walls.
Slide 7: Displays pictures of different devices used to help people hear
better. The picture of the man with the “Mega hearing Aid Contraption” is a perfect example of the testing phase engineers use.
This device is silly looking and stationary. But, that does not mean
that scientists and engineers did not learn a lot from their experiment. However, a redesign seems imminent.
Slide 8: Displays a picture of a guitar emitting sound. Acoustical engineers
can use this information to better design musical instruments.
Displays a picture of a sound booth including the electronics designed by Acoustical engineers to enhance the sound of music.
Also you can see the black sound insulation on the wall designed
by Acoustical Engineers to help muffle echoes and noise.
Displays an picture of Dayton, Ohio’s Schuster Center.
Discuss with your students why this picture is in this presentation.
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5: Acoustical
Engineer
Acoustical
Engineering

Teacher Instructions Continued:
Use the EDP to explore the role of an Acoustical Engineer in the design of a concert hall:
An Example:
Question– what problem might the guests of the concert have? Hearing the music from every
seat.
Think– How could we solve that problem? Add sound insulation or microphones.
Design– How would we do this? During building incorporate these changes into the construction.
Test– How could we try this out? Build a model to test these improvements or test the equipment
in another similar concert hall.
Redesign- What could we do to make our design better? Add more microphones, change the
insulation, change the material the floor is made of, relocate the stage or seating, etc.
*Discuss why engineers use this engineering design process to approach almost all of their
problems.
4. Discuss that now students are going to become Acoustical Engineers and equip their laboratory with
proper tools.
5. Provide students with the Acoustical Engineer worksheet that is appropriate for their gender. Read
through instructions. Allow students time to create their engineering lab..
6. While students work on this activity elicit from students individually what specific tools do and how the engineer would use that tool.
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Lesson
5: Acoustical Engineer
Acoustical

Engineering

Guiding Question
What does an acoustical engineer do and what tools do they use to do this? Acoustical engineers solve problems involving sound using tools such as sound meters, ear protection, computers, and music noise monitors.

Focus Questions
1. What is sound? Sound is energy you can hear.
2. How can sound damage your ear? The sound energy travels in waves to your ear and can break your eardrum or the tiny hairs inside your ear causing hearing loss.
3. What projects may an engineer work on? Sound insulation for planes, road ways, or rooms. Devices that
improve an individuals hearing such as hearing aids. Musical problems like recording studios, concert
halls, or musical instruments.

Remember the

Engineering
Vocabulary definitions
1. Acoustical Engineer- A person who solves problems involving sound and
noise.
2. Noise– Unwanted sound.

Design Process
Question
Think

3. Sound- Energy that you can hear.

Design

4. Sound meter- A tool used to measure sound.

Test
Redesign
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Standards
Grade K-2 Science & Technology Benchmark A:
Explain why people, when building or making something, need to determine
what it will be made of, how it will affect other people and the environment.
2.1. Explain that developing and using technology involves benefits and
risks.
2.2. Investigate why people make new products or invent new ways to
meet their individual wants and needs

Grade 3 Science & Technology Benchmark A:
Describe how technology affects human life.
3.2. Describe ways that using technology can have helpful an/or harmful
results.
3.3. Investigate ways that the results of technology may affect the individual, family and community.

Grade 3 Science & Technology Benchmark B:
Describe and illustrate the design process.
3.4. Use simple design process to solve a problem (e.g., identify a problem, identify possible solutions and design a solution).
3.5. : Describe possible solutions to a design problem (e.g., how to hold
down paper in the wind).

Grade K-2 Scientific Inquiry Benchmark A:
Ask a testable question.
2.3. Explore and pursue student generated “how” questions.

Grade 3 Scientific Ways of Knowing Benchmark D:
Explain that men and women of diverse countries and cultures participate in
careers in all fields of science.

63

NOTES

Lesson
5: Acoustical
Engineer
Acoustical
Engineering

Standards Continued
3.3. Explore through stories how men and women have contributed to the development of science.
3.4. Identify various careers in science.

Grade K-3 Communication: Oral and Visual Benchmark A:
Use active listening strategies to identify the main idea and to gain information from oral presentations.
1.1. Use active listening skills, such as making eye contact or asking questions.
1.2. Compare what is heard with prior knowledge and experience.
2.1. Use active listening strategies, such as making eye contact and asking for clarification and explanation.
2.2. Compare what is heard with prior knowledge and experience.
2.3. Identify the main idea of oral presentations and visual media.
3.2. Identify the main idea, supporting details and purpose of oral presentations and visual media.
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Lesson
5: Acoustical Engineer
Acoustical

Engineering

Technology Integration
1. Power point presentation will aid in student inquiry of unit concepts and in inter classroom communication.
2. Use of the electronic white board is a form of technology that supports students in conducting inquiry
about sound concepts and Acoustical engineering. This technology supports students and teachers in
dealing effectively with data, and aids in communication and collaboration of lesson concepts.

Reflection
1. Review guiding question and focus questions.
2. Review what an Acoustical Engineer does and what tools they may use.
3. Review how David and Kayleen were Acoustical Engineers? They encountered a noise problem with the
jack hammers at a construction site they passed and researched how to protect their ears from the noise
and created ear protection to solve their problem.
4. Discuss that in our next lesson student will become Acoustical engineers and start thinking about solutions
to help David and Kayleen as well as test some sound absorbing materials.
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Workbook pages 9-12

Lesson
6: Exploring
Sound using the EDP
Acoustical
Engineering
Acoustics Unit
Setup Time: 15 minutes
Lesson Time: 60 minutes

Summary:
Students will use the Engineering Design Process to start their own sound investigation. Students will investigate factors influencing the perceived volume
of a sound. Students will explore absorptive properties of different materials
and their affects on recorded decibel readings.

Vocabulary
Absorb
Decibel
Engineering Design
Process (EDP)
Sound

In this Lesson, Students will

Sound meter

1. Use the EDP to investigate.

Volume

2. Create noise and affect it through force and absorption.
3. Identify soft and loud sounds.

Materials

4. Use a sound meter to measure noise through different absorptive
materials.

Lab sheets
4 sets of Stompers
3-4ft sections of Packing
foam
3– 4ft sections of Aluminum foil

Students Learn
1. Materials can absorb sound differently therefore affecting the noise we
hear.
2. Foam and cotton batting absorb more sound than paper and aluminum foil.
3. Sound can be measured using a scientific tool called a sound meter.
4. Adjectives to describe the volume of sound are soft and loud.

3– 4ft sections of Quilters
batting
4 Large Paper bags
2 Small Paper bags
MP3 player & portable
speakers
2 Sound meters
2 pair of Scissors
Masking Tape
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6: Exploring
Sound using the EDP
Acoustical
Engineering

Teacher Instructions:

NOTES

Teachers Note: Download a sound byte to the MP3 player such as a symbol
crash, a jackhammer, chainsaw, or buzzer.
1. Prepare 2 Stations:

It is recommended that
this lesson be administered with an assisting
adult, so that each station has immediate supervision.

Station 1: Cut open the four large paper bags and tape two together to
form 2 long strips of paper. The two remaining pieces of packing foam,
aluminum foil and quilters batting should be put with this station as well as
the stompers.
Station 2: 2 sound meters, 1 piece of the packing foam, aluminum foil, and
quilters batting as well as the two small paper bags, scissors, and tape recorder. Setup MP3 player and speakers for student inquiry.) Set up a stationary location for two chairs equidistance away from the MP3 player
speakers. (This is important because the farther away the meter is from
the source of sound, the lower the decibel reading will be since sound dissipates with distance.)
2. Reintroduce the Engineering Design Process with the students. Discuss
that our challenge is to help David and Kayleen with their problem.
3. Write “Question” on the board. Elicit that David & Kayleen’s problem is the
noisy construction site that hurts their ears. The question the students are
addressing is: “how can we help David & Kayleen protect their ears?”.
Write this on the board beside Question.
4. Discuss that now that we have a question we can use the second step of
the EDP and think. Write “Think” on the board. Discuss what students are
thinking about. Write, “What can we design or build to protect ears from
noise?”
5. Discuss that now we need to spend some time thinking about what materials can help us create a design. Elicit that students need to find materials
to cover our ears with that help absorb or block sound.
6. Discuss the term absorb. Explain that a sponge absorbs water and there
are certain materials that will soak up/ absorb sound better than others.
Teachers Note: This concept can be displayed by having a small sponge, a
paper towel and two measuring cups filled equally with water. Place the
sponge and paper towel in separate cups, remove them from the water and
have students assess which one absorbed more water.
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Teacher Instructions Continued:
7. Discuss that students are going to use their ears and a sound meter to test materials and measure which
materials absorb sounds better.
8.

Discuss expected student behavior at the two stations.

9.

Have students review workbook pages 8-11.

10. Introduce each inquiry station:
Stompers Station 1: Using one stomper students will create a sound by walking across tile, paper bag,
foam, foil, and batting surface. Students need to determine how much each material absorbs the sound
energy by recording the volume they hear, using the word bank on the worksheet.
Sound meter Station 2: At this station students will use a paper bag, foam, foil, and batting to cover the
sound meter. The teacher will generated a noise for students to record the measured noise from the
sound meter. It is important that whoever is the materials tester for each object sit in the provided chair
with the sound meter in their lap (Discuss proximity and need to keep meter and noise maker in same location.)
Discuss that the larger the number recorded the louder the noise the meter recorded. Elicit that if the material did a good job absorbing the noise the recorded decibel reading will be lower? Students will record
their group’s findings on their individual lab sheet. Break students up into four groups. Have two groups
per station.
Teachers Note: It is recommended that there is an adult at each station to help students focus on the challenge, fill out their worksheet, and follow classroom procedure while conducting their inquiry.
•

Each station requires 25 minutes, the last 5 minutes at each station should be used to work on the
questions.

•

The adult at the sound meter station should remind students how to properly use this tool and should
be responsible for replaying the sound byte throughout student inquiry and encouraging students to
use the term decibels as the unit in which they are measuring.

•

The adult at the volume station should monitor students for proper behavior while conducting inquiry
using the stompers.

•

At both stations, the adult should continually elicit volume observations in terms of soft and loud not
high or low.

12. After 25 minutes students should switch stations.
13. As a class address any remaining misconceptions or worksheet questions that need addressed.
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Lesson
6: Exploring Sound using the EDP
Acoustical

Engineering

Guiding Question
How can I affect the noise I hear? Use of different materials can block some generated noise making the perceived sound softer.

Focus Questions
1. With what tool can we measure sound? A sound meter is a scientific tool that measures sound.
2. How can we change the volume of a noise we hear? We can protect our ears using materials that absorb/
block sound so the sound does not travel into our ear.
3. Why do we need to worry about the sounds we hear? Sound energy can damage our ear drums so that
they don’t work properly or at all. By protecting our ears from loud noises we protect our hearing.

Remember the

Vocabulary definitions

Engineering

1. Absorb- to soak up

Design Process

2. Decibel- A unit used to measure sound.
3. Engineering Design Process- Steps an engineer or person can follow to
solve a problem. Steps include: Question, Think, Design, Test, and Redesign.

Question
Think
Design

4. Sound- Energy that you can hear.

Test

5. Sound meter-A tool used to measure sound.

Redesign

6. Volume- The loudness of softness of a sound.
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Lesson
6: Exploring Sound using the EDP
Acoustical

Engineering

Standards
Grade K-2 Physical Science Benchmark B:
Recognize that light, sound and objects move in different ways.
1.5. Explore that effects some objects have on others even when the two
objects might not touch (e.g., magnets)

Grade K-2 Physical Science Benchmark C:
Recognize sources of energy and their uses.
2.2. Explore and describe sounds (e.g., high, low, soft and loud) produced
by vibrating objects.

Grade K-2 Science & Technology Benchmark A:
Explain why people, when building or making something, need to determine
what it will be made of, how it will affect other people and the environment.
2.2. Investigate why people make new products or invent new ways to
meet their individual wants and needs.

Grade K-2 Science & Technology Benchmark B:
Explain that to construct something requires planning, communication, problem
solving and tools.
1.7. Explore that several steps are usually needed to make things (e.g.,
building with blocks).
2.4. Communicate orally, pictorially, or in written form the design process
used to make something.

Grade 3-5 Science & Technology Benchmark A:
Describe how technology affects human life.
3.2. Describe ways that using technology can have helpful and/or harmful
results.

Grade 3 Science & Technology Benchmark B:
Describe and illustrate the design process.
71

NOTES

Lesson
6: Exploring
Sound using the EDP
Acoustical
Engineering

Standards Continued
3.4. Use simple design process to solve a problem (e.g., identify a problem, identify possible solutions and
design a solution).

Grades K-2 Scientific Inquiry Benchmark B:
Design and conduct a simple investigation to explore a question.
1.6. Use appropriate tools and simple equipment/instruments to safely gather scientific data (e.g., magnifiers, timers and simple balances and other appropriate tools).
2.7. Use appropriate tools and simple equipment/instruments to safely gather scientific data (e.g., magnifiers, non-breakable thermometers, timers, rulers, balances, and calculators and other appropriate tools).
2.8. Measure properties of objects using tools such as rulers, balances, and thermometers.

Grades K-2 Scientific Inquiry Benchmark C:
Gather and communicate information from careful observations and simple investigation through a variety of
methods.
1.4. Work in a small group to complete an investigation and then share findings with others.
1.5. Create individual conclusions about group findings.
1.9. Describe things as accurately as possible and compare with the observations of others.
2.5. Use evidence to develop explanations of scientific investigations. (What do you think? How do you
know?)
2.9. Use whole numbers to order, count, identify measure and describe things and experiences.
2.10. Share explanations with others to provide opportunities to question , examine evidence and suggest
alternative explanations.

Grades 3-5 Scientific Inquiry Benchmark B:
Organize and evaluate observations, measurements and other data to formulate inferences and conclusions.
3.3. Read and interpret simple tables and graphs produced by self/others.
3.5. Record and organize observations (e.g., journals, charts and tables).

Grades 3-5 Scientific Inquiry Benchmark C:
Develop, design and safely conduct scientific investigation and communicate the results.
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Lesson
6: Exploring
Sound using the EDP
Acoustical
Engineering

Standards Continued
3.6. Communicate scientific findings to others through a variety of methods (e.g., pictures, written, oral and
recorded observations).

Grades 3-4 Data Analysis and Probability Benchmark A:
Gather and organize data from surveys and classroom experiments, including data collected over a period of
time.
3.1. Collect and organize data from an experiment, such as recording and classifying observations or
measurements, in response to a question posed.
3.4. Support a conclusion or prediction orally and in writing, using information in a table or graph.
3.9. Conduct a simple experiment or simulation of a simple event, record the results in a chart, table or
graph, and use the results to draw conclusions about the likelihood of possible outcomes.
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Lesson
6: Exploring Sound using the EDP
Acoustical

Engineering

Technology Integration
1. Sound meters are used to support students in conducting inquiry.
2. Use of an MP3 player and speakers support students and teachers in conducting inquiry that produces a
repeatable scientific result.

Reflection
1. Discuss the challenge question at the end of the lab. Elicit that this technology can help determine
what material can absorb the most sound and therefore can be used to offer the most protection for
David & Kayleen’s ears.
2. Review the guiding question and focus questions.
3. Review the EDP and establish that now that we are ready to design ear protection.
4. Elicit that two adjectives we use to describe varying volume of a sound are soft and loud.
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Lesson
7: Data
Analysis
Acoustical
Engineering
Acoustics Unit

Setup Time: 5 minutes
Lesson Time: 25 minutes

Summary:
Students will use the data collected in lesson six to construct a bar graph that
visually represents the absorptive properties of paper, foil, foam, and cotton
batting as well as their control reading which was with nothing between the
noise and the sound meter or ear.
Teachers Note: It is recommended that 1st and 2nd graders use the Stompers
results and that 3rd graders use the quantitative data collected from the Sound
meter station.

Vocabulary
Absorb
Sound
Volume

In this Lesson, Students will
1. Construct a bar graph that represents the absorptive properties of different
materials.
2.

Analyze the graph to determine what materials are most effective at absorbing sound.

Materials
Students Learn
1. Foam and cotton batting are best at absorbing sound.
2. Paper and foil are not good at absorbing sound.

6 colors of construction
paper:
1 white sheet per student
4 sheets of the remaining
5 colors
Scissors
Glue Stick
Markers
Lesson 6 lab sheets
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Lesson
7: Data
Analysis
Acoustical
Engineering

Teacher Instructions:

NOTES

1. Refer students to the data set they will be using to construct their graph,
(either to stompers table or the sound meter table from lesson 6).
2. Provide each student with a sheet of white construction paper.
3. Have students write their name on the paper.
4. Elicit how to create a bar graph. Help students determine and label their X
and Y axis.
5. Label the Y axis (Volume) in appropriate intervals:
• Stompers lab: use descriptive terms softest, soft, medium, loud, loudest.
• Sound meter lab: use decibel values that reflect the values recorded by
the class.
6. Explain that we will use a strip of each paper to represent the different materials tested.
7. Allow students time to cut a strip of each paper.
8. As a class start with 1 material. Designate a color strip and have students
cut the appropriate length to represent their findings from the table in lesson 6. Have students glue down this strip and label it on the x axis.
9. Continue this process for all 5 data sets.
10. Discuss what the graph shows us.
11. Have students determine a name for the graph and label theirs.
12. Elicit which materials best absorbed sound.
13. Elicit which materials absorbed sound the least.
14. Have students flip the paper over and write a few sentences about which
materials would best help protect David & Kayleen’s ears from the loud
noise at the construction site using their graphical information.
15. Tests students understanding of the graphed data by trying to pass off untrue information from the graph and see if they can tell whether the statements you provide are true or false.
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Lesson
7: Data Analysis
Acoustical

Engineering

Guiding Question
What tested materials are good at absorbing sound? Answers will vary between the cotton batting and the
foam as the best at absorbing sound due to product selection and testing.

Focus Questions
1. What tested materials are poor at absorbing sound? The paper and the foil are poor sound absorbers.
2. What materials would help protect David and Kayleen’s ears from the loud noise? Cotton and/or foam.
3. What does the student generated graphs display? The graph shows which material absorbed the most
sound.

Remember the

Engineering
Vocabulary definitions

Design Process

1. Absorb– Energy you can hear.

Question

2. Sound– Energy that you can hear.
3. Volume– The loudness of softness of a sound.

Think
Design
Test
Redesign
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Lesson
7: Data Analysis
Acoustical

Engineering

Standards

NOTES

Grade K-2 Data Analysis & Probability Benchmark A:
Pose questions and gather data about everyday situations and familiar objects.
Grade K-2 Data Analysis & Probability Benchmark B:
Sort and classify objects by attributes, and organize data into categories in a
simple table or chart.
Grade K-2 Data Analysis & Probability Benchmark C:
Represent data using objects, picture graphs and bar graphs.
1.4. Read and interpret charts, picture graphs and bar graphs as sources
of information to identify main ideas, draw conclusions, and make predictions.
1.6. Arrange five objects by an attribute, such as size or weight, and identify the ordinal position of each object.
2.1. Pose questions, use observations, interviews and surveys to collect
data, and organize data in charts, picture graphs and bar graphs.
2.2. Read, interpret and make comparisons and predictions from data represented in charts, line plots, picture graphs and bar graphs.
2.4. Write a few sentences to describe and compare categories of data
represented in a chart or graph, and make statements about the data as a
whole.
2.5. Identify untrue or inappropriate statements about a given set of data.
Grade 3-4 Data Analysis & Probability Benchmark A:
Gather and organize data from surveys and classroom experiments, including
data collected over a period of time.
Grade 3-4 Data Analysis & Probability Benchmark B:
Read and interpret tables, charts, graphs (bar, picture, line, line plot), and timelines as sources of information, identify main idea, draw conclusions, and make
predictions.
Grade 3-4 Data Analysis & Probability Benchmark C:
Construct charts, tables and graphs to represent data, including picture graphs,
bar graphs, line graphs, line plots and Venn diagrams.
3.1. Collect and organize data from an experiment, such as recording and
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Lesson
7: Data
Analysis
Acoustical
Engineering

Standards
classifying observations or measurements, in response to a question posed.
3.3. Read, interpret and construct bar graphs with intervals greater than one.
3.4. Support a conclusion or prediction orally and in writing, using information in a table or graph.
3.6.Translate information freely among charts, tables, line plots, picture graphs and bar graphs; e.g., create a bar graph from the information in a chart.
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Lesson
7: Data Analysis
Acoustical

Engineering

Reflection
1. Review the guiding question and focus questions.
2. Explain that next students will design their own ear protection and test it, using the information students
have gained from their sound experiments.
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Workbook pages 12-13

Lesson 8: Engineering Ear Protection

Acoustical Engineering
Acoustics Unit

Setup Time: 10 minutes
Lesson Time: 60 minutes

Vocabulary

Summary:
Students will focus on the Design step of the Engineering Design Process to
create a detailed “Design” for making ear protection that includes a labeled
diagram, reflecting necessary materials for construction of hearing protection.
Students will create and test their ear protection.

Absorb
Sound
Engineering Design
Process: Design & Test

Materials
2 sound meters

In this Lesson, Students will

MP3 player & speakers

1. Create a labeled design for ear protection.

Scissors

2. Students will construct ear protection.

Masking Tape (~ 2 ft /
student)

3. Students will test their ear protection.
4. Brainstorm on how to improve their individual design.

Aluminum foil
Small paper bags
Packing Foam& Packing
Peanuts
Styrofoam cups (~ 2/
student)

Students Learn

Foam bowls (~ 2/student)

1. Creating an effective product requires questioning, thinking, designing, and
testing (e.g. use to the Engineering Design Process).

Paper cups (~ 2/student)

2. To follow a written plan in order to construct a design/prototype.
3. Students learn if their plan works or not.

Paper bowls (~ 2/student)
Cotton batting & Cotton
balls
Chenille stems (~3/
student)
Yarn
Optional: MS Excel &
Electronic White board
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Lesson
8: Engineering
Ear Protection
Acoustical
Engineering

Teacher Instructions:

NOTES

1. Discuss that students are going to use all of their Acoustical Engineering
experience to build their own unique design. Remind students that as
acoustical engineers they are following the Engineering Design Process
and using all of their knowledge about materials and sound to design a
solution to build their own design.
2. As a class, answer the think and question portion of the worksheet.
3. Show students the materials available for their design. Allow students
some time to independently brainstorm on their design.
4. Approve each labeled design and allow students to go collect supplies
listed in their design. Explain that if a material is not in their design they
must add it before collecting that supply. Explain that this simple redesign
is part of making a useful product that is reproducible.
6.

Allow students 15 minutes to build their design. While students are building, explain that students will test their design by placing it around the
sound meter and taking a reading similar to the sound meter lab in lesson
6.

7.

Break students into 2 teams, place sound meters equidistance from the
MP3 player and speakers. Allow 1 member of the team to approach the
sound meter and take a reading of the provided sound without the ear protection. Have each student record this number in the table on page 14 of
their workbook. Allow each student an opportunity to use a partner from
their group to test and record their ear protection on the sound meter twice.
Teachers Note: Remind students not currently testing the importance of
waiting quietly as not to add noise to the classroom. Explain that watching
which ear protection works best may help in their redesign. You may want
to record everyone’s results in a graph using Microsoft Excel and electronic white board.

8.

Once everyone is done collecting their results, have students address the
remaining worksheet questions.
Teachers Note: Use provided rubric, at the end of the lesson to assess
students throughout lesson 8&9. It is recommended that students address the questions with a partner or as a group, since engineers and scientists work in teams.
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Lesson
8: Engineering Ear Protection
Acoustical

Engineering

Guiding Question
Can my design absorb sound? Students answers will vary.

Focus Questions
1. What information can I use from my materials test? I determined what materials absorb more sound, I can
use this information to pick the right materials to build my ear protection from.
2. What materials are best suited to absorb sound? Foam and Cotton batting since they absorb the sound the
best.
3. How well did my design work? Students answers will vary.
4. How can I improve my design? Students answers will vary.

Remember the

Engineering
Vocabulary definitions

Design Process

1. Absorb– to soak up
2. Engineering Design Process- Steps an engineer or person can follow to
solve a problem. Steps include Question, Think, Design, Test, and Redesign.

Question
Think
Design

3. Sound– Energy you can hear.

Test
Redesign
83

Lesson
8: Engineering Ear Protection
Acoustical

Engineering

Standards

NOTES

Grade K-2 Physical Science Benchmark C:
Recognize sources of energy and their uses.
2.2. Explore and describe sounds (e.g., high, low, soft and loud) produced
by vibrating objects.

Grade K-2 Science & Technology Benchmark A:
Explain why people, when building or making something, need to determine
what it will be made of, how it will affect other people and the environment.
2.2. Investigate why people make new products or invent new ways to
meet their individual wants and needs.

Grade K-2 Science & Technology Benchmark B:
Explain that to construct something requires planning, communication, problem
solving and tools.
1.7. Explore that several steps are usually needed to make things (e.g.,
building with blocks).
2.4. Communicate orally, pictorially, or in written form the design process
used to make something.

Grade 3-5 Science & Technology Benchmark A:
Describe how technology affects human life.
3.2. Describe ways that using technology can have helpful and/or harmful
results.

Grades 3-5 Science & Technology Benchmark B:
Describe and illustrate the design process.
3.4. Use a simple design process to solve a problem (e.g. identify a problem, identify possible solutions and design a solution)
3.5. Describe possible solutions to design a problem (e.g. how to hold a
paper down in the wind)
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Lesson
8: Engineering
Ear Protection
Acoustical
Engineering

Standards Continued
Grades K-2 Scientific Inquiry Benchmark B:
Design and conduct a simple investigation to explore a question.
1.6. Use appropriate tools and simple equipment/instruments to safely gather scientific data (e.g., magnifiers, timers and simple balances and other appropriate tools).
2.7. Use appropriate tools and simple equipment/instruments to safely gather scientific data (e.g., magnifiers, non-breakable thermometers, timers, rulers, balances, and calculators and other appropriate tools).
2.8. Measure properties of objects using tools such as rulers, balances, and thermometers.

Grades K-2 Scientific Inquiry Benchmark C:
Gather and communicate information from careful observations and simple investigation through a variety of
methods.
1.4. Work in a small group to complete an investigation and then share findings with others.
1.5. Create individual conclusions about group findings.
1.9. Describe things as accurately as possible and compare with the observations of others.
2.5. Use evidence to develop explanations of scientific investigations. (What do you think? How do you
know?)
2.9. Use whole numbers to order, count, identify measure and describe things and experiences.
2.10. Share explanations with others to provide opportunities to question , examine evidence and suggest
alternative explanations.

Grades 3-5 Scientific Inquiry Benchmark B:
Organize and evaluate observations, measurements and other data to formulate inferences and conclusions.
3.2. Discuss observations and measurements made by other people.
3.3. Read and interpret simple tables and graphs produced by self/others.
3.5. Record and organize observations (e.g., journals, charts and tables).

Grades 3-5 Scientific Inquiry Benchmark C:
Develop, design, and safely conduct scientific investigations and communicate the results.
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Lesson
8: Engineering
Ear Protection
Acoustical
Engineering

Standards
3.6. Communicate scientific findings to others through a variety of methods (e.g. pictures, written, oral and
recorded observations

Grades K-2 Scientific Ways of Knowing Benchmark A:
Recognize that there are different ways to carry out scientific investigations. Realize that investigations can be
repeated under the same conditions with similar results and may have different explanations.
1.2. Demonstrate good explanations based on evidence from investigations and observations.

Grades K-2 Scientific Ways of Knowing Benchmark C:
Recognize that diverse groups of people contribute to our understanding of the natural world.
1.4. Demonstrate that in science it is helpful to work with a team and share findings with others.
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Lesson
8: Engineering Ear Protection
Acoustical

Engineering

Technology Integration
1. Sound meters are used to support students in conducting inquiry.
2. Use of an MP3 player and speakers support students and teachers in conducting inquiry that produces a
repeatable scientific result.
3. The electronic white board and Microsoft Excel can be used to support students and teachers in communicating and collaborating as well as, assisting students and teachers in dealing effectively with data and
the display of collected data.

Reflection
1. Review the guiding question and focus questions.
2. Explain that next students will use their brainstorming ideas from questions 5 and 6 to redesign and test
their ear protection.
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Teamwork

Redesign

Function

Construction

Plan

CATERGORY

Student appropriately participated in peer discussions,
observation sessions, and
class reflections.

At least two examples of evidence in the redesign that
appears to improve function.
Redesign preformed better
than initial design.

Diagram is neatly drawn. Materials are appropriately labeled.
Only materials provided in
diagram are used. Prototype
resembles the student generated diagram.
Prototype lessens the perceived decibel volume by an
estimated 20%.

4 points

Student appropriately participated in two of the following:
peer discussions, observation
sessions, and class reflections.

One improvement has been
made in the redesign that appears to improve function.
Redesign preformed better
than initial design

Only materials provided in
diagram are used. However,
prototype barely resembles the
student generated diagram.
Prototype barely lessens the
perceived volume.

Diagram is present with labels.

3 points

Total Score:

1 point

0-7 Points =Unsatisfactory

8-12 Points= Basic

13-16 Points= Proficient

17-20 Points= Mastered

There is no evidence of
change in the redesigned prototype that would appear to
improve function. However
student participated in the
redesign session.
Student did not participate
appropriately during peer discussions, observation sessions or class reflections

Prototype does not lessen the
perceived volume and does
not contain foam or cotton.

Neither materials nor prototype resemble student generated diagram.

Diagram is provided without
labels.

__________

Student appropriately participated in one of the following:
peer discussions, observation
sessions, and class reflections.

Not all used materials are in
diagram however, prototype
generally resembles the diagram.
Prototype does not lessen the
perceived volume but foam
and cotton are included in the
prototype.
Improvements have been
made in the redesign, however
the performance of the redesign was no better or worse
than the initial design.

Diagram or labels are only
partially provided.

2 points

Workbook page 14

Lesson
9: Redesign
Acoustical
Engineering
Acoustics Unit
Setup Time: 5 minutes
Setup Time: 45minutes

Vocabulary

Summary:
Students use the ideas generated at the end of lesson 8 to redesign their ear
protection in an attempt to produce a modified design that absorbs even more
sound than their first design.

Absorb
Sound
Engineering Design
Process: Redesign

In this Lesson, Students will
1. Redesign their ear protection in attempts to make it work better.
2. Test their redesign and compare their results to their test in lesson 8.

Materials
2 sound meters
MP3 player & speakers
Scissors
Masking Tape
Aluminum foil
Small paper bags
Packing Foam& Packing
Peanuts

Students Learn

Styrofoam cups Foam
bowls

1. Redesign is a chance to improve the design.
2. Peers may have ideas that when incorporated with one’s own design will
result in an improved design.

Paper cups
Paper bowls

3. Everyone can do science.
4. The Engineering Design Process is a series of steps that can be used to
solve a problem.

Cotton batting & Cotton
balls
Chenille stems Yarn
Optional: MS Excel &
Electronic White board
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Lesson
9: Redesign
Acoustical
Engineering

Teacher Instructions:

NOTES

1.

Have students refer to answers 5 & 6 from lesson 8.

2.

Allow students 15 minutes to redesign their ear protection.

3.

Set up testing as discussed in lesson 8.

4.

Allow students to test their redesign and record their results.
Teachers Note: If the class used the electronic white board and Microsoft Excel to
create a class chart, in lesson 8, add redesign data to it as well. At the end of the
lesson focus students attention on all the information that can be gained from the
chart. Determine how many students redesigns improved sound absorption.

5.

Have students return to their seats and complete the questions on the worksheet
(page 14).

6.

After completion of the worksheet review the engineering design process and the actions students completed in each step.

• Question– Students determined what problem David and Kayleen had, the noisy
construction site.

• Think– Students determined that sound can hurt ones ears but if we can create ear
protection that absorbs the damaging noise, we can help David and Kayleen.

• Design– Students drew out their unique design and then built it.
• Test– Students tested their design and then thought about ways to improve it.
• Redesign– Students used their new ideas to improve their design.
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Lesson
9: Redesign
Acoustical

Engineering

Guiding Question
How can I improve my ear protection? Answers will vary.

Focus Questions
1. What will make my ear protection work better? Answers will vary

Remember the

Engineering
Vocabulary definitions

Design Process

1. Absorb– To soak up.
2. Engineering Design Process- Steps an engineer or person can follow to
solve a problem. Steps include Question, Think, Design, Test, and Redesign.

Question
Think
Design

3. Sound– Energy you can hear.

Test
Redesign
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Lesson
9: Redesign
Acoustical

Engineering

Standards

NOTES

Grade K-2 Physical Science Benchmark C:
Recognize sources of energy and their uses.
2.2. Explore and describe sounds (e.g., high, low, soft and loud) produced
by vibrating objects.

Grade K-2 Science & Technology Benchmark A:
Explain why people, when building or making something, need to determine
what it will be made of, how it will affect other people and the environment.
2.2. Investigate why people make new products or invent new ways to
meet their individual wants and needs.

Grade K-2 Science & Technology Benchmark B:
Explain that to construct something requires planning, communication, problem
solving and tools.
1.7. Explore that several steps are usually needed to make things (e.g.,
building with blocks).
2.4. Communicate orally, pictorially, or in written form the design process
used to make something.

Grade 3-5 Science & Technology Benchmark A:
Describe how technology affects human life.
3.2. Describe ways that using technology can have helpful and/or harmful
results.

Grades 3-5 Science & Technology Benchmark B:
Describe and illustrate the design process.
3.4. Use a simple design process to solve a problem (e.g. identify a problem, identify possible solutions and design a solution)
3.5. Describe possible solutions to design a problem (e.g. how to hold a
paper down in the wind)
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Lesson
9: Redesign
Acoustical
Engineering

Standards
Grades K-2 Scientific Inquiry Benchmark B:
Design and conduct a simple investigation to explore a question.
1.6. Use appropriate tools and simple equipment/instruments to safely gather scientific data (e.g., magnifiers, timers and simple balances and other appropriate tools).
2.7. Use appropriate tools and simple equipment/instruments to safely gather scientific data (e.g., magnifiers, non-breakable thermometers, timers, rulers, balances, and calculators and other appropriate tools).
2.8. Measure properties of objects using tools such as rulers, balances, and thermometers.

Grades K-2 Scientific Inquiry Benchmark C:
Gather and communicate information from careful observations and simple investigation through a variety of
methods.
1.4. Work in a small group to complete an investigation and then share findings with others.
1.5. Create individual conclusions about group findings.
1.9. Describe things as accurately as possible and compare with the observations of others.
2.5. Use evidence to develop explanations of scientific investigations. (What do you think? How do you
know?)
2.9. Use whole numbers to order, count, identify measure and describe things and experiences.
2.10. Share explanations with others to provide opportunities to question , examine evidence and suggest
alternative explanations.

Grades 3-5 Scientific Inquiry Benchmark B:
Organize and evaluate observations, measurements and other data to formulate inferences and conclusions.
3.2. Discuss observations and measurements made by other people.
3.3. Read and interpret simple tables and graphs produced by self/others.
3.5. Record and organize observations (e.g., journals, charts and tables).

Grades 3-5 Scientific Inquiry Benchmark C:
Develop, design, and safely conduct scientific investigations and communicate the results.
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Lesson
9: Redesign
Acoustical
Engineering

Standards
3.6. Communicate scientific findings to others through a variety of methods (e.g. pictures, written, oral and
recorded observations

Grades K-2 Scientific Ways of Knowing Benchmark A:
Recognize that there are different ways to carry out scientific investigations. Realize that investigations can be
repeated under the same conditions with similar results and may have different explanations.
1.2. Demonstrate good explanations based on evidence from investigations and observations.

Grades K-2 Scientific Ways of Knowing Benchmark C:
Recognize that diverse groups of people contribute to our understanding of the natural world.
1.4. Demonstrate that in science it is helpful to work with a team and share findings with others.
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Lesson
9: Redesign
Acoustical

Engineering

Technology Integration
1. Sound meters are used to support students in conducting inquiry.
2. Use of an MP3 player and speakers support students and teachers in conducting inquiry that produces a
repeatable scientific result.
3. The electronic white board and Microsoft Excel can be used to support students and teachers in communicating and collaborating as well as, assisting students and teachers in dealing effectively with data and
the display of collected data.

Reflection
1. Review the guiding question and focus questions.
2. Explain that next students will write a letter to David and Kayleen to share their findings and suggestions.
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Workbook pages 15-16

Lesson 10: Letter to David & Kayleen

Geological Engineering

GEOLOGICAL ENGINEERING Unit
Setup Time: 5 minutes
Lesson Time : 70 minutes

Summary
In this lesson, students will incorporate their new found understanding of
acoustical engineering, the Engineering Design Process, tools, strategies, testing and redesigns, to formulate a letter to David & Kayleen with suggestions to
help solve their problem.

Vocabulary
All Unit Vocabulary listed
on page 21

In this Lesson, Students will
1. Work through the writing process to develop their letter.
2. Write a friendly letter to David & Kayleen which includes suggestions that
will possibly help the characters solve their problem.
3. Use the computer to type their final draft.

Students Learn
1. How to synthesize their scientific experience into a written format.
2. How to work through the writing process to create their letter.

Materials

3. How to write a letter in friendly letter format.
4. How to employ computer skills to create a neat final draft.

Lesson 8 Lab Sheets
Lesson 9 Lab Sheets
Large envelope
Computers

97

Lesson
10: Letter to David & Kayleen
Geological

Engineering

Teacher Instructions

NOTES

Teacher Note: This lesson can be separated into three mini-lessons: rough
draft, revisions, typing final draft. A rubric is provided at the end of the lesson.
1. Lead a class discussion:
•

Review the EDP and how students have used that process to design,
build, test and redesign our models.

•

Have students discuss some of the challenges they faced with their
designs and how they overcame those challenges through rebuilding,
learning from their failures and learning from their peers.

2. Pass out the lab sheet from lessons 8 and 9.
3. Elicit from students the plot of David and Kayleen: Explore Sound.
•

Discuss in detail their problem and how they educated themselves
about acoustical engineering to help solve the problem.

•

Align David and Kayleen's actions to the EDP.

•

Elicit similarities of the story and the students engineering design challenge.

4. Share with students that in this lesson, they will be given the opportunity to
use their acoustical engineering know how to help David & Kayleen by writing them a letter. Students will use their knowledge of the EDP, sound,
and their experiments with ear protection to make suggestions to David &
Kayleen for their ear protection.
5. Discuss with students the writing process.
(rough draft, revise draft, and final draft)
6. Explain that we will be using friendly letter format to construct their letter.
Provide students with an example of friendly letter. You can use the worksheet outline as an example.
7. Brainstorm with student’s information that should be included in their letter.
(Date, heading, introduction, ear protection suggestions, closing, and signature.) When discussing building suggestions, have students refer to lesson 8 & 9 lab sheets.
8. Have students refer to lesson 10 lab sheet in their workbook.
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Teacher Instructions Continued
Teacher Note: Depending on the age of your students it may or may not be appropriate for students to use
the lab sheet for their rough draft. However, please keep in mind that there is a revision checklist on the
back of the lab sheet that is appropriate for all grade levels.
9.

Students should now begin working on their rough draft letters to David & Kayleen. Provide individual
scaffolding as needed. Teachers Note: Allow appropriate amount of time.

10. Have students pair up with a neighbor and correct each others drafts and brainstorm on any needed revisions. Encourage students to make all changes on their rough draft so they will have all the necessary
notes for typing their final draft. Teachers Note: Allow appropriate amount of time.
11. Have students use a computer to type their final copy to David and Kayleen. If possible use Microsoft
Word and explore spelling errors. Teachers Note: Allow appropriate amount of time.
Teacher Note: If possible, have a large envelope with David & Kayleen’s name and address on it. As students
finish and print their letters, they can place them in the envelope. You could also write a thank you letter from
David & Kayleen, thanking the kids for their letters and suggestions

If you would like to send the letters to the Early Childhood Engineering Writing Team,
letters can be addressed to:
Montgomery County Educational Services Center,
ICO: STEM: Early Childhood Engineering,
200 South Keowee Street,
Dayton, OH 45402-2242
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Guiding Question
What design do you think will work best for David & Kayleen’s problem? Student answers will vary, but should
reflect understanding of the Engineering Design Process, the relationship between sound, volume, absorption,
and ear protection.

Focus Questions
1. Does your letter to David & Kayleen make sense? Student answers will vary, but should reflect an under-

standing of the Engineering Design Process and a cohesive letter.
2. Does the letter provide David & Kayleen with a possible solution to their problem? Student answers will
vary, but should reflect an understanding of the Engineering Design Process and their findings in the
acoustical engineering challenge labs.

Vocabulary Definitions

Remember the

All unit vocabulary listed on page 21.

Engineering
Design Process
Question
Think
Design
Test
Redesign
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Standards
K-2 Science & Technology Standard Benchmark A:
Explain why people, when building or making something, need to determine
what it will be made of, how it will affect other people and the environment.
1.1. Explore that some kinds of materials are better suited than others for
making something new (e.g., the building materials used in the Three Little
Pigs).

Grade K-2 Science & Technology Standard Benchmark B:
Explain that to construct something requires planning, communication, problem
solving and tools.
2.4. Communicate orally, pictorially, or in written form the design process
used to make something.

Grade 3-5 Science & Technology Standard Benchmark B:
Describe and illustrate the design process.
3.4. Use a simple design process to solve a problem (e.g., identify a problem, identify possible solutions and design a solution).
3.5. Describe possible solutions to a design problem (e.g., how to hold
down paper in the wind).

Grade K-2 Scientific Inquiry Standard Benchmark C:
Gather and communicate information from careful observations and simple
investigation through a variety of methods.
1.5. Create individual conclusions about group findings.
1.8. Use oral, written and pictorial representation to communicate work.
1.9. Describe things as accurately as possible and compare with the observations of others.

Grade K-2 Writing Processes Standard Benchmark G:
Publish writing samples for display or sharing with others, using techniques
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Standards Continued
such as electronic resources and graphics.
1.2. Develop a main idea for writing.
1.3. Determine purpose and audience.
1.5. Organize writing to include a beginning, middle and end.
1.6. Construct complete sentences with subjects and verbs.
1.12. Proofread writing to improve conventions (e.g., grammar, spelling, punctuation and capitalization).
1.13. Apply tools (e.g., rubric, checklist, feedback) to judge the quality of writing.
2.2. Develop a main idea for writing.
2.3. Develop a purpose and audience for writing.
2.5. Organize writing with a developed beginning, middle and end.
2.9. Use available technology to compose text.
2.13. Proofread writing to improve conventions (e.g., grammar, spelling, punctuation and capitalization).
2.14. Apply tools (e.g., rubric, checklist and feedback) to judge the quality of writing.

Grade 3-4 Writing Process Standard Benchmark E:
Use revision strategies to improve the coherence of ideas, clarity of sentence structure and effectiveness of
word choices.
Grade 3-4 Writing Process Standard Benchmark G:
Edit to improve sentence fluency, grammar and usage.
3.2. Develop a clear main idea for writing.
3. 3. Develop a purpose and audience for writing.
3.5. Organize writing by providing a simple introduction, body and a clear sense of closure.
3.7. Create paragraphs with topic sentences and supporting sentences that are marked by indentation and
are linked by transitional words and phrases.
3. 9. Use available technology to compose text.
3.14. Proofread writing and edit to improve conventions (e.g., grammar, spelling, punctuation and capitalization) and identify and correct fragments and run-ons.
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Standards Continued
3.15. Apply tools (e.g., rubric, checklist and feedback) to judge the quality of writing.

Grade 3-4 Writing Process Standard Benchmark G:
Edit to improve sentence fluency, grammar and usage.
3.2. Develop a clear main idea for writing.
3. 3. Develop a purpose and audience for writing.
3.5. Organize writing by providing a simple introduction, body and a clear sense of closure.
3.7. Create paragraphs with topic sentences and supporting sentences that are marked by indentation and
are linked by transitional words and phrases.
3. 9. Use available technology to compose text.
3.14. Proofread writing and edit to improve conventions (e.g., grammar, spelling, punctuation and
capitalization) and identify and correct fragments and run-ons.
3.15. Apply tools (e.g., rubric, checklist and feedback) to judge the quality of writing.

Grade K-2 Writing Applications Standard Benchmark A:
Compose writings that convey a clear message and include well-chosen details.

Grade K-2 Writing Applications Standard Benchmark C:
Write friendly letters and invitations complete with date, salutation, body, closing and signature.
1.2. Write responses to stories that include simple judgments about the text.
1.3. Write friendly letters or invitations that follow a simple letter format.
2.2. Write responses to stories by comparing text to other texts, or to people or events in their own lives.
2.3. Write letters or invitations that include relevant information and follow letter format (e.g., date, proper
salutation, body, closing and signature).

Grade 3-4 Writing Applications Standard Benchmark C:
Write formal and informal letters that include important details and follow correct letter format.
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Standards Continued
3.3. Write formal and informal letters (e.g., thank you notes, letters of request) that include relevant information and date, proper salutation, body, closing and signature.

Grade K-2 Writing Conventions Standard Benchmark A:
Print legibly using appropriate spacing.

Grade K-2 Writing Conventions Standard Benchmark B:
Spell grade-appropriate words correctly.

Grade K-2 Writing Conventions Standard Benchmark C:
Use conventions of punctuation and capitalization in written work.

Grade K-2 Writing Conventions Standard Benchmark D:
Use grammatical structures in written work.
1.2. Spell words correctly with regular short vowel patterns and most common long vowel words (e.g., time,
name).
1.3 Spell high-frequency words correctly.
1.5. Spell unfamiliar words using strategies such as segmenting, sounding out and matching familiar words
and word parts.
1.6. Use end punctuation correctly, including question marks, exclamation points and periods.
1.7. Use correct capitalization (e.g., the first word in a sentence, names and the pronoun I).
2.3. Spell regularly used and high-frequency words correctly.
2.4. Spell words studied (e.g., word lists, text words) correctly.
2.8. Use periods, question marks and exclamation points as endpoints correctly.
2.11. Use correct capitalization (e.g., proper nouns, the first word in a sentence, months and days).
2.12. Use nouns, verbs and adjectives correctly.
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Standards Continued
Grade 3-4 Writing Conventions Standard Benchmark B:
Spell grade-appropriate words correctly.

Grade 3-4 Writing Conventions Standard Benchmark C:
Use conventions of punctuation and capitalization in written work.

Grade 3-4 Writing Conventions Standard Benchmark D:
Use grammatical structures to effectively communicate ideas in writing.
3.2. Spell multi-syllabic words correctly.
3.3. Spell all familiar high-frequency words, words with short vowels and common endings correctly.
3.4. Spell contractions, compounds and homonyms (e.g., hair and hare) correctly.
3.10. Use correct capitalization.
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Technology Integration
1. Use of the computer for student generated final draft support in communication of students individual
thoughts, ideas, and grasp of unit concepts.

Reflection
1. Discuss what students have learned from this unit.
2. Elicit definitions for unit vocabulary.
3. Have students explain the difference between pitch and volume.
4. Discuss what advice students shared with David and Kayleen.
5. Discuss students favorite parts of the unit.
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Assessment Rubric for Letter to David & Kayleen: Lesson 10

Student Name(s) ______________________________________________

Directions: Circle the statement for each learning component that best describes the
Learning Component

Letter Content

Unsatisfactory
points)

(0

Response to David &
Kayleen does not
include a suggestion
for David & Kayleen’s
problem.

Letter exhibits no
logical sequence.

Structural points:

Letter Structure

Beginning
(introduction), middle
(body), end (with a
clear sense of closure), date, proper
salutation, closing
and signature.

Basic
(1 points)
Response to David &
Kayleen includes a
student generated
suggestion. However
the student does not
provide any supporting details from their
unit experiences.

Verbiage and formatting exhibit an attempt at proper structure however, finished product only
exhibits three of the
six structural points
listed below.
Structural points:
Beginning
(introduction), middle
(body), end (with a
clear sense of closure), date, proper
salutation, closing

Proficient
points)

(2

Response to David &
Kayleen includes a
student generated
suggestion. The
response includes
one supporting detail/
finding from their unit
experiences.

The letter exhibits
partial sequencing
however only four of
the six structural
points listed below.

Structural points:
Beginning
(introduction), middle
(body), end (with a
clear sense of closure), date, proper
salutation, closing
and signature.

Sentence Structure &
Grammar Usage

Letter majorly consists (80%) of sentences that are complete and coherent.
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Response to David &
Kayleen includes a
student generated
suggestion. The response includes at
least two supporting
details/ finding from
their unit experiences.

-The letter exhibits a
logical sequence that
creates a structurally
fluent letter At least
five of the six structural points are properly addressed.

Structural points:
Beginning
(introduction), middle
(body), end (with a
clear sense of closure), date, proper
salutation, closing and
signature.

and signature.

At least 30% of the
letter consists of
sentences that are
incomplete and
incoherent.

Mastered
(3 points)

Letter majorly consists (90%) of sentences that are complete and coherent
however, sentence
beginnings are not
varied.

Letter majorly consists
(90%) of sentences
that are complete and
coherent and sentence beginnings are
varied.

Assessment Rubric Continued

Writing Conventions

Mechanics

Unit Vocabulary

High frequency
words are incorrectly
spelled on at least 5
occasions. Spelling
does not indicate
letter sound recognition.

Letter contains minimal to no punctuation
or capitalization.

Unit vocabulary terms
are not present or
used incorrectly

High frequency
words are incorrectly
spelled on 4 occasions. Spelling indicates some letter
sound recognition.

High frequency
words are incorrectly
spelled on 3 occasions. Spelling indicates grasp of letter
sound recognition.

High frequency words
are misspelled on no
more than 2 occasions. Spelling indicates grasp of letter
sound recognition.

Inconsistent use of
punctuation and capitalization throughout
the letter.

Correct use of punctuation and capitalization in present in at
least 75% of the letter.

Correct use of punctuation and capitalization is present
throughout the letter.

Properly uses one
vocabulary term from
the unit.

Properly uses 2 vocabulary terms from
the unit.

Properly uses at least
3 vocabulary terms
from the unit.

Final score _________________

0-4 points: Unsatisfactory
5-8 points: Basic
9-13 points: Proficient
14 or more points: Mastered
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Workbook pages: 17-18

Post
test
Acoustical

Engineering

Acoustics Unit
Setup Time: 5 minutes

Administer the post test to judge the level of understanding individual students
have gained about unit concepts as they relate to Ohio Science Standards and
accompanying unit concepts.

Pre Test Answer Key:
1. B
2. B
3. C
4. A
5. B
6. A
7. C
8. C
9. B
10. A
11. C

Technology Integration
- Provide test questions on an electronic white
board.
- Record students answers using student response
systems.
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Industry Connections
Air Force Research Laboratories in Dayton Ohio, have an Auditory Lab in the Human Effectiveness Division, RHC. This group of scientists and engineers study the use of positional sound to assist military operators. An example of this research is the use of sound as a warning indicator for pilots. Different sounds
and alarms can rapidly signify different issues. The research currently being conducted is in proximity and
3D positional development. The idea is that by having the sound emitted from different relative locations
will cue the pilot in on the issue and the direction of the threat. An example could be a missile lock from
either another aircraft or from a ground launched location. If the alarm sound appears to be coming from
the bottom right rear of the cockpit, this would inform the pilot that the missile is coming at him from that
direction. This technology aids in maneuverability and reaction time for increased survival.

The Air Force and NASA have engineers and scientists that study acoustics in the form of shock waves
caused from supersonic aircraft, aircraft that can travel faster than the speed of sound. When supersonic
aircraft break the sound barrier it causes a sonic boom. The sonic boom is an explosive sound caused by
the shock wave formation of an airplane traveling faster than the speed of sound. Through research and
experimentation, scientists and engineers with the Air Force and NASA make aircraft shape design modifications to lessen the size and buildup of the shock waves and therefore lessen the intensity of the resulting
sonic boom.

The Army is experimenting with the deployment of helicopters that have recently been equipped with
acoustical arrays. An acoustical array is a series of microphones which are strategically placed on the aircraft and record sounds (acoustical signatures) that are relayed to the pilot of the helicopter in a manner
that informs the pilot of the direction of the sound. In some cases, the sounds can even be matched to
reference acoustical signatures to identify what made the noise, such as small arms fire. This new technology has been developed to increase the pilots awareness of surrounding activity and increase their reaction time in emergency situations when maneuverability is key to the safety of the crew and craft.

Noise pollution is an ongoing concern for many fields of industry including aircraft testing facilities, Department of Transportation, and Occupational Safety and Health Administration. All of these fields employ engineers and scientists that research how to best control, divert, or decrease noise pollution for the safety of
all. Noise regulations have been put in place by the Environmental Protection Agency who conducts ongoing acoustical research and polices numerous industries to ensure the safety of all.
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