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STEM Curriculum Planning Guide 
  

This instructional design guide serves as the template for the design and development of STEM units of 
instruction at the Dayton Regional STEM Center in Dayton, Ohio. The guide is anchored to the STEM 
Education Quality Framework also developed at the Dayton Regional STEM Center.

STEM Unit Title Droppin' the Beat

Economic Cluster
Advanced Manufacturing and Materials 
Sensors

Targeted Grades 9-12

STEM Disciplines Science, Technology, Engineering, and Mathematics (Pre-Calculus), 

Non-STEM  
Disciplines 

English Language Arts

The electronic template is copyrighted to Dayton Regional STEM Center.  No permission has been granted for template reproduction.  However, lesson contents 
may be reproduced and attributed to Dayton Regional STEM Center free of charge.
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Section I: STEM Unit Overview

Unit Overview In this unit, students explore the ways to dampen, mask, or stop a sound wave from propagating into a system (or 
material) and the surrounding environment. Students research and explore how sound waves are propagated and 
transmitted through various media. In the engineering design challenge, students will use their acquired knowledge to 
construct a portable, sound wave absorbing "recording booth," which is tested using smart device apps capable of 
emitting and recording sound and showing sound waves. 
 
 
 

Essential Question How can a portable recording booth be designed, tested, and monitored for optimum sound wave absorption? 

Enduring 
Understanding

The mathematical and the physical properties of sound are related. 
Differenent mediums have various effects on the dampening or amplification of sound. 

Engineering  
Design Challenge 

Student engineering teams are contracted to design a portable recording booth for Droppin/ the Beat Sound 
Company. The goal is to design a small, portable sound booth prototype that optimizes sound quality and absorbs 
sound waves.  The prototype must not exceed the size of a copy paper box, but must be large enough to comfortably 
fit 2 smart devices (smart phone, iPad, tablet, etc.) – one for emitting sound, and one for recording/taking 
measurements. 
 
 
 

Time and Activity 
Overview Day Time 

Allotment Actvities

1 50 Minutes Pre-Test 
Sound Inquiries

2 50 Minutes Sound Inquiries

3 50 Minutes Waves and Matter Discussion and Inquiries

4 50 Minutes Waves and Matter Discussion and Inquiries

5 50 Minutes Engineering Design Challenge Pre-Build

6 50 Minutes Building/Testing/Redesigning Sound Booth

7 50 Minutes Testing/Redesigning Sound Booth

8 50 Minutes Create Presentation
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9 50 Minutes Create Presentation 
Presentations

10 50 Minutes
Presentations 
Post-Test 
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Academic Content Standards

Pre-requisite 
Knowledge & Skill

Basic concepts of trigonometric functions 
Basic concepts of graphing trigonometric functions 
Basic concepts of waves and components of waves 
Basic properties of matter 
Systems of linear equations 
Concepts of sound waves and effects of materials on traveling waves and waveforms 
Basic understanding of how sound is or is not heard

Add Standard Mathematics  

Grade/Conceptual 
Category Functions

Domain Trigonometric Functions

Cluster Model periodic phenomena with trigonometric functions.

Standards Standard 5 - Choose trigonometric functions to model periodic phenomena with specified amplitude, frequency, and 
midline.

Add Standard Mathematics  

Grade/Conceptual 
Category Functions

Domain Trigonometric Functions

Cluster Prove and apply trigonometric identities.

Standards Standard 9 - Prove the addition and subtraction formulas for sine, cosine, and tangent, using them to solve problems.
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Add Standard Mathematics  

Grade/Conceptual 
Category Algebra

Domain Reasoning with Equations and Inequalities

Cluster Solve systems of equations.

Standards Standard 6 - Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of 
linear equations in two variables. 

Add Standard Mathematics  

Grade/Conceptual 
Category Statistics and Probability

Domain Interpreting Categorical and Quantitative Data

Cluster Summarize, represent, and interpret data on a single count or measurement.

Standards Use statistics appropriate to the shape of the data distribution to compare center (median, mean) and spread 
(interquartile range, standard deviation) of two or more different data sets. 

Add Standard English Language Arts

Grade 9-10

Strand Speaking and Listening

Topic Presentation of Knowledge and Ideas

Standard

4.  Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can   
     follow the line of reasoning and the organization, development, substance, and style appropriate to purpose,  
     audience, and task. 
 
5.  Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in  
     presentations to enhance understanding of findings, reasoning, and evidence as well as to add interest. 
 
6.  Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when indicated or  
     appropriate.  
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Add Standard English Language Arts

Grade 11-12

Strand Speaking and Listening

Topic Presentation of Knowledge and Ideas

Standard

4.  Present information, findings, and supporting evidence, conveying a clear and distinct perspective, such that  
     listeners can follow the line of reasoning, alternative or opposing perspectives, and the organization,  
     development, substance, and style appropriate to purpose, audience, and range of formal and informal tasks. 
5.  Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in  
     presentations to enhance understanding of findings, reasoning, and evidence as well as to add interest. 
6.  Adapt speech to a variety of contexts and tasks, demonstrating a command of formal English when indicated or  
     appropriate. 

Add Standard Social Studies

Grade

Theme

Strand (pk-8 
only)

Topic

Content Standard

Add Standard Science

Grade

Theme

Topic

Content Standard
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Add Standard Science

Strand Physics

Course Content Waves and Wave Properties 
Light Phenomena

Content 
Elaboration

• Wave Properties 
When a wave reaches a barrier or a new medium, a portion of its energy is reflected at the boundary and a portion of 
the energy passes into the new medium. Some of the energy that passes to the new medium may be absorbed by 
the medium and transformed to other forms of energy, usually thermal energy, and some continues as a wave in the 
new medium. Some of the energy also may be dissipated, no longer part of the wave since it has been transformed 
into thermal energy or transferred out of the system due to the interaction of the system with surrounding objects. 
Usually all of these processes occur simultaneously, but the total amount of energy must remain constant (1st Law of 
Thermodynamics: Conservation of Energy). 
 
When waves bounce off barriers (reflection), the angle at which a wave approaches the barrier (angle of incidence) 
equals the angle at which the wave reflects off the barrier (angle of reflection). When a wave travels from a two-
dimensional (e.g., surface water, seismic waves) or three- dimensional (e.g., sound, electromagnetic waves) medium 
into another medium in which the wave travels at a different speed, both the speed and the wavelength of the 
transferred wave change. Depending on the angle between the wave and the boundary, the direction of the wave  
can change resulting in refraction. The amount of bending of waves around barriers or small openings (diffraction) 
increases with decreasing wavelength. When the wavelength is smaller than the obstacle or opening, no noticeable 
diffraction occurs. Standing waves and interference patterns between two sources are included.

Add Standard Science

Strand Physics

Course Content Energy

Content 
Elaboration

Energy must be explored by analyzing data gathered in scientific investigations. Computers and probes can be used 
to collect and analyze data. 
 
• Energy in Springs 
The approximation for the change in the potential elastic energy of an elastic object (e.g., a spring) is  
ΔE elastic = ½ k Δx, where Δx is the distance the elastic object is stretched or compressed from its relaxed length. 
 
• Conservation of Energy 
The total initial energy of the system and the energy entering the system are equal to the total final energy of the 
system and the energy leaving the system. Although the various forms of energy appear very different, each can be 
measured in a way that makes it possible to keep track of how much of one form is converted into another form of 
energy. Situations involving energy transformations can be represented with verbal or written descriptions, energy 
diagrams and mathematical equations. Translations can be made between these representations. 
 
The conservation of energy principle applies to any defined system and time interval within a situation or event in 
which there are no nuclear changes that involve mass-energy equivalency. The system and time interval may be 
defined to focus on one particular aspect of the event.  The defined system and time interval may then be changed to 
obtain information about different aspects of the same event.



Page 8 of 24Draft: Tuesday, August 25, 2015

Add Standard Science

Strand Physics

Course Content

• Forces, Momentum, and Motion 
• Newton’s laws applied to complex problems 
• Gravitational forces and fields 
• Elastic forces 
• Frictional forces (static and kinetic) 
• Forces in two dimensions  
  o Adding vector forces 
  o Motion down inclines 
  o Centripetal forces and circular motion 
• Momentum, impulse and conservation of momentum

Content 
Elaboration

Newton’s laws of motion are applied to mathematically describe and predict the effects of forces on more complex 
systems of objects and to analyze objects in free fall that experience significant air resistance.  Elastic forces and a 
more detailed look at friction are included. At the atomic level, “contact” forces are actually due to the forces between 
the charged particles of the objects that appear to be touching. Air resistance and drag are explained using the 
particle nature of matter.  The vector properties of momentum and impulse are introduced and used to analyze 
elastic and inelastic collisions between objects. Analysis of experimental data collected in laboratory investigations 
must be used to study forces and momentum. This analysis can include the use of force probes and computer 
software to collect and analyze data. 
 
• Newton’s laws 
Newton’s laws of motion, especially the third law, can be used to solve complex problems that involve systems of 
many objects that move together as one (e.g., an Atwood’s machine). The equation F=ma introduced in physical 
science can be used to solve more complex problems involving systems of objects and situations involving forces 
that must themselves be quantified (e.g., gravitational forces, elastic forces, frictional forces). 
• Elastic Forces 
Elastic materials stretch or compress in proportion to the load they support. The mathematical model for the force 
that a linearly elastic object exerts on another object is Felastic = kΔx, where Δx is the displacement of the object 
from its relaxed position. The direction of the elastic force is always toward the relaxed position of the elastic object. 
The constant of proportionality, k, is the same for compression and extension and depends on the “stiffness” of the 
elastic object. 
 
• Forces in Two Dimensions 
Net forces will be calculated for force vectors with directions between 0° and 360° or a certain angle from a reference 
(e.g., 37° above the horizontal). Vector addition can be performed with trigonometry or by drawing scaled diagrams. 
Problems can be solved for objects sliding down inclines. The net force, final velocity, time, displacement and 
acceleration can be calculated. Inclines will either be frictionless or the force of friction will already be quantified. 
Calculations of frictional forces down inclines from the coefficient of friction and the normal force will not be 
addressed. 
 
An object moves at constant speed in a circular path when there is a constant net force that is always directed at 
right angles to the direction in motion toward the center of the circle. In this case, the net force causes an 
acceleration that shows up as a change in direction. If the force is removed, the object will continue in a straight-line 
path. The nearly circular orbits of planets and satellites result from the force of gravity. Centripetal acceleration is 
directed toward the center of the circle and can be calculated by the equation a  = v2/r, where v is the speed of the 
object and r is the radius of the circle. This expression for acceleration can be substituted into Newton’s second law 
to calculate the centripetal force. Since the centripetal force is a net force, it can be equated to friction (unbanked 
curves), gravity, elastic force, etc., to perform more complex calculations. Conversely, the time could be extended 
which would result in a much smaller force (e.g., the truck applying the breaks for a long period of time). 
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Add Standard Science

Strand Physics

Course Content

• Motion 
• Problem solving 
  o Using graphs (average velocity, instantaneous velocity, acceleration, displacement, change in velocity) 
  o Uniform acceleration including free fall (initial velocity, final velocity, time, displacement, acceleration, average 
velocity)

Content 
Elaboration

Motion must be explored through investigation and experimentation. Motion detectors and computer graphing 
applications can be used to collect and organize data. Computer simulations and video analysis can be used to 
analyze motion with greater precision.

Add Standard Science

Strand Physics

Course Content Waves

Content 
Elaboration

When a wave encounters a new material, the new material may absorb the energy of the wave by transforming it to 
another form of energy, usually thermal energy. Waves can be reflected off solid barriers or refracted when a wave 
travels form one medium into another medium. Waves may undergo diffraction around small obstacles or openings. 
When two waves traveling through the same medium meet, they pass through each other then continue traveling 
through the medium as before. When the waves meet, they undergo superposition, demonstrating constructive and 
destructive interference. Sound travels in waves and undergoes reflection, refraction, interference and diffraction.

Add Standard Fine Arts

Enduring 
Understanding

Progress Points

Grade Level

Content 
Statement
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Assessment 
Plan

What evidence will show that students have acquired the enduring understandings 
for this STEM unit?

Performance Task, 
Projects  

 

o Engineering Design Challenge 
o Presentation

Quizzes, Tests, Academic 
Prompts 

 

o Appendix A: Pre-Test/Post-Test 
o Appendix C: Student Log Book

Other Evidence (e.g. 
observations, work 
samples, student artifacts, 
etc.) 

 

o Appendix E: Exit Slip 
o Appendix G: Sine/Cosine Waves and Basic Properties 
o Appendix H: Sine/Cosine Waves and Basic Properties Exit Slip 
o Appendix J: Transverse Waves in a Solid 
o Appendix L: Speed of Solid: Homework Handout 
o Appendix N: Homework while doing EDC 
o Appendix C: Student Log Book

Student Self- Assessment 

 

o Appendix C: Student Log Book
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Technology 
Integration ADISC Technology Integration Model*

Type of Integration Application(s) in this STEM Unit

A

Technology tools and resources 
that support students and teachers 
in adjusting, adapting, or 
augmenting teaching and learning 
to meet the needs of individual 
learners or groups of learners.

Role assignments 
Calculator

D

Technology tools and resources 
that support students and teachers 
in dealing effectively with data, 
including data management, 
manipulation, and display.

Log book 
MS Excel 
Calculator 
Smart phone with tone generator application

I

Technology tools and resources 
that support students and teachers 
in conducting inquiry, including the 
effective use of Internet research 
methods.

Internet

S

Technology tools and resources 
that support students and teachers 
in simulating real world 
phenomena including the modeling 
of physical, social, economic, and 
mathematical relationships. 

Audacity (free software) 
Smart phone with tone generator application

C

Technology tools and resources 
that support students and teachers 
in communicating and 
collaborating including the 
effective use of multimedia tools 
and online collaboration.

Presentation - Power Point, Prezi, etc.

*The ADISC Model was developed by James Rowley PhD, Executive Director of the Institute 
for Technology-Enhanced Learning at the University of Dayton
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Career Connections Career Description

Audio engineers are concerned with the recording, manipulating, mixing 
and reproduction of sound. Many audio engineers creatively use 
technologies to produce sound for film, radio, television, music, electronic 
products and computer games. Alternatively, the term audio engineer 
can refer to a scientist or engineer who develops new audio technologies 
working within the field of acoustical engineering.  
 
Audiologists are hearing specialists whose job is to keep users in the 
field safe from harmful sounds. Audiologists study the effect of long and 
short term exposure to loud sounds and the long and short term effects 
of those exposures to how they affect users hearing in the future and 
help to mitigate hearing damage. Medical research applications in this 
area focus on hearing protection and restoration. There are medical 
doctors who develop ways to protect hearing as well as ways to enhance 
hearing once damage has occurred. 
 
Broadcast engineering is in the field of electrical engineering, and now, to 
some extent, computer engineering and information technology, which 
deal with radio and television broadcasting. Broadcast engineering 
involves both the studio end and the transmitter end (the entire airchain)  
as well as remote broadcasts. Every station has a broadcast engineer, 
though one may now serve an entire station group in a city, or be 
a contract engineer who essentially freelances his or her services to 
several stations (often in small media markets) as needed. 
 
Environmental engineers study the effect of technological advances on 
the environment. As such, they would study the effects of long term 
exposure to various sounds on a person’s hearing. 
 
Human factors engineers help to design new ways to present sounds. 
For example, these individuals study how to enhance communications in 
various environments (e.g., on the runway where there are loud jet 
engine noises). They also study how to present sounds to be a non-
verbal form of communication (e.g., how to cue a user’s attention to a 
particular location such as a spot on a display).
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Section II: STEM Lesson Plan 

Title of Lesson Days 1 and 2: Sound Inquiries

Time Required 100 minutes (50 minutes per day)

Materials Appendix A: Pre/Post-Test (1 per student) 
Appendix B: Pre/Post-Test ANSWER KEY (1 per teacher) 
Appendix C: Engineering Logbook (1 per student), Sections: 
                     -Prior Knowledge 
                     -Video Response 
                     -Inquiry 1: Transferring Sound Through Various Mediums (Materials) 
                     -Inquiry 2: Directional Sound 
                     -Inquiry 3: Seeing Sound 
                     -Inquiry 4: Matter and Sound Behavior 
Appendix D: Teacher Instructions for Building Sound Apparatus (1 per teacher) 
Appendix E: Exploring Sound - Exit Slip (1 per student) 
Computer with Internet Access 
Projector 
Video: “The Coolest Things Sound Waves Do" (3m0s): http://www.youtube.com/watch?v=Ude8pPjawKI  
Video: “Amazing Resonance Experiment!” (3m39s): http://www.youtube.com/watch?v=wvJAgrUBF4w  
Video: “Amazing Water & Sound Experiment #2” (2m17s): http://www.youtube.com/watch?v=uENITui5_jU  
 
Per Teacher (sound devices pre-build): 
- Wire Hangers - uncoated (7 per teacher) 
- Dixie Cups - large (6 per teacher) 
- Styrofoam cups - large (6 per teacher) 
- Plastic Cups - large (1 per teacher) 
- Paperclips - large (14 per teacher) 
- Twine – 180 cm segments (1 per teacher) 
- String – 180 cm segments (1 per teacher) 
- Fishing Line – 180 cm segments (1 per teacher) 
 
Per Team:  
- Smart Devices - phones, tablets, etc. (2 per team) 
- Tone / Frequency Generator APP (example: Audio Function Generator APP for iPhone; Frequency Generator  
   for Android; Decibel 10th for all devices) 
- Audio Analyzer APP (example: Audio Analyzer; iPhone's Voice Memo APP) 
- Styrofoam Cups - large (2 per team)  
- Scissors  
- Helium balloon (1 per team) 
- Piece of wood, styrofoam, water bottle, foam, cloth (suggested materials)

Objectives Students experiment and explore properties of sound by: 
    -Examining how sound travels in different mediums. 
    -Directing sound with a cup and reflecting sound with a flat surface. 
    -Observing sound as a sine wave with a spectrum analyzer. 
 
Students compare the ways that materials affect sound waves. 
 
Students experiment with various materials to explore sound propagation.
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Instructional 
Process

Prior to class, construct seven sample sound apparatuses (see Appendix D for instructions). Be sure to use the 
same length of string and size of cup for each setup.   
 
1.   Administer the Pre-Test. 
2.   Divide students into teams consisting of approximately 4 students.  Have them collaboratively assign Career  
      Roles and discuss the Background Information, Engineering Design Challenge, Prototype Criteria,and  
      Crucial information.  
3.   Have student complete the "Prior Knowledge" section of their Logbook. 
4.   Show the introductory video. Instruct students to record notes explaining the 3 most interesting facts learned  
      about sound from the “The Coolest Things Sound Waves Do" video:  
      http://www.youtube.com/watch?v=Ude8pPjawKI  
5.   Also show the following videos that give a visual representation of sound waves: 
      “Amazing Resonance Experiment!” video: http://www.youtube.com/watch?v=wvJAgrUBF4w 
      “Amazing Water & Sound Experiment #2” video: http://www.youtube.com/watch?v=uENITui5_jU 
6.   Inform students that they will rotate the pre-made apparatuses between teams to explore how sound is     
      transferred through various combinations of materials. Demonstrate how the cups are held to the ears as  
      they swing the hanger against the edge of a hard surface (such as a desk or lab bench). Have them  
     complete the "Inquiry 1: Transferring Sound Through Various Mediums (Materials)" page. 
7.   If time permits, allow student teams to construct their own apparatus out of the available materials.  
      Encourage students to explore as many different possibilities as they can. 
8.   Have students complete the "Inquiry 2: Directing Sound" page. 
      NOTE: When the speaker is placed close to a lab table, it should be louder since the sound will be reflected  
      off of the flat surface of the table back to the students. 
9.   Instruct students to complete the "Inquiry 3: Seeing Sound" while using the Tone / Frequency Generator APP 
      and Audio Analyzer APP,  They should see a sine/cosine wave.  Then, have the students raise and lower the 
      pitch. The sine/cosine wave should change frequency. 
10.   Have students complete "Inquiry 4: Matter and Sound Behavior" as they record a single tone with the Audio  
      Analyzer APP as it goes through materials such as: a helium balloon, piece of wood, book, water bottle, etc. 
11. Administer the "Exploring Sound - Exit Slip."

Differentiation When student teams are formed, consider the needs of all students.  Homogeneous grouping may allow for 
more direct assistance from the instructor.  Provide appropriate modifications as necessary.

Assessments Appendix A: Pre/Post-Test 
Appendix C: Engineering Logbook, completed sections: 
                     -Prior Knowledge 
                     -Video Response 
                     -Inquiry 1: Transferring Sound Through Various Mediums (Materials) 
                     -Inquiry 2: Directional Sound 
                     -Inquiry 3: Seeing Sound 
                     -Inquiry 4: Matter and Sound Behavior 
Appendix E: Exploring Sound - Exit Slip 
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Section II: STEM Lesson Plan 

Title of Lesson Days 3 and 4: Waves and Matter Inquiries

Time Required 100 minutes (50 minutes per day)

Materials Appendix C: Engineering Logbook (1 per student), Sections: 
                     -Inquiry 5: Bouncing Sound Waves 
                     -Properties of Sound Waves - Research 
Appendix F: Transverse and Longitudinal Waves Discussion (1 per teacher) 
Appendix G: Sine/Cosine Waves and Basic Properties Discussion (1 per teacher) 
Appendix H: Sine/Cosine Waves Differentiation - Discussion (1 per teacher) 
Appendix I: Sine/Cosine Waves and Basic Properties - Exit Slip (1 per student) 
Appendix J: Transverse Waves in a Solid - Discussion (1 per teacher) 
Appendix K: Speed of Solid - Discussion (1 per teacher) 
Appendix L: Speed of Solid: Homework (1 per student) 
Helium balloon, ear buds and MP3 players 
Slinky 
Calculator 
- Smart Devices - phones, tablets, etc. (2 per team) 
- Tone / Frequency Generator APP (example: Audio Function Generator APP for iPhone; Frequency Generator  
   for Android; Decibel 10th for all devices) 
- Audio Analyzer APP (example: Audio Analyzer; iPhone's Voice Memo APP)

Objectives Students model transverse and longitudinal waves using various props. 
 
Students analyze wave properties as the waves interact with matter. 
 
Students use linear equations to calculate the epicenter of an earthquake and make comparisons to sound  
waves.

Instructional 
Process

1.   Demonstrate three types of waves: transverse, transverse (shear waves) and longitudinal waves (see  
      Appendix F: Transverse and Longitudinal Waves Discussion for suggestions). 
2.   Help students prove why sound waves are sinusoidal and how they bounce off objects: reflect, refract,  
      absorb and learn about phase (see Appendix G: Sine/Cosine Waves and Basic Properties Discussion and  
      Appendix I: Sine/Cosine Waves Differentiation - Discussion for suggestions). 
3.   Have students complete "Inquiry 5: Bouncing Sound Waves" to show how sound would bounce from flat,  
      curved, jagged, and porous objects. 
4.   Discuss how sound waves can be transverse waves in solids but not in gasses and liquids  (see Appendix J:  
      Transverse Waves in a Solid - Discussion for suggestions). 
5.   Discuss how the speed of sound changes in different matter (see Appendix K: Speed of Solid - Discussion  
      for suggestions). 
6.   Handout "Appendix L: Speed of Solid: Homework" and discuss how to triangulate an earthquake (seismic  
      waves are sound waves and P and S waves travel at different speeds).  Assign the calculations for  
      homework. 
7.   Instruct students to complete the "Properties of Sound Waves - Research" page. 
 
Optional Extension: Gedanken Experiment - If the sound wave’s wavelength in a gas is shorter than the nearest 
gas molecule, is there or can there be a sound wave produced? 

Differentiation Modify Inquiry 5, Research, and Homework as necessary based on individual student needs.



Page 16 of 24Draft: Tuesday, August 25, 2015

Assessments Appendix C: Engineering Logbook, sections: 
                     -Inquiry 5: Bouncing Sound Waves 
                     -Properties of Sound Waves - Research 
Appendix I: Sine/Cosine Waves and Basic Properties - Exit Slip 
Appendix L: Speed of Solid: Homework
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Section II: STEM Lesson Plan 

Title of Lesson Day 5: Engineering Design Challenge Pre-Build

Time Required 50 minutes

Materials Appendix C: Engineering Logbook (1 per student), Sections: 
                     -Engineering Design Challenge and Team Design Plan 
                     -Inquiry 6: Engineering Design Challenge Pre-Build 
                     -Build and Test Team’s Sound Booth 
- Smart Devices - phones, tablets, etc. (2 per team) 
- Tone / Frequency Generator APP (example: Audio Function Generator APP for iPhone; Frequency Generator  
   for Android; Decibel 10th for all devices) 
- Audio Analyzer APP (example: Audio Analyzer; iPhone's Voice Memo APP) 
Copy Paper Box, or team provided box (1 per team) 
Repurposed Materials - for building sound booth (students bring from home), examples:  
      packing peanuts, foam, newspaper, cloth, etc. 
Scissors (1 per team) 
Adhesive Materials (hot glue, glue, tape)

Objectives Students will research materials and shapes best for their studio.  
 
Student teams will design a recording studio to optimize sound quality and reduce outside noise pollution. 

Instructional 
Process

1.   Instruct teams to review the challenge and begin brainstorming a plan for their portable sound booth by  
      completing the "Engineering Design Challenge and Team Design" page. 
2.   Have students test various materials by following the "Inquiry 6: Engineering Design Challenge Pre-Build"  
      instructions.  
4.   If any teams finish, they may begin the building process by following the "Build and Test Team’s Sound  
      Booth" instructions.

Differentiation As needed, guide individual students to investigate particular websites.  
Students could be given a list of materials from which to choose, instead of starting from scratch. 
Provide challenge by defining additional constraints. 

Assessments Appendix C: Engineering Logbook, sections: 
                     -Engineering Design Challenge and Team Design Plan 
                     -Inquiry 6: Engineering Design Challenge Pre-Build 
                     -Build and Test Team’s Sound Booth 
Observation
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Section II: STEM Lesson Plan 

Title of Lesson Days 6, and 7 -- Engineering Design Challenge -- Building/Testing/Redesigning Sound Booth

Time Required 100 minutes (50 minutes per day)

Materials Appendix C: Engineering Logbook (1 per student), Sections: 
                     -Build and Test Team’s Sound Booth  
                     -Redesign Team’s Sound Booth 
Appendix N:  Audio Analyzer Results Homework (1 per student) 
Appendix P: Decibel Conversion Homework (1 per student) 
Copy Paper Box (1 per team) 
Repurposed Materials - for building sound booth (students bring from home), examples:  
      packing peanuts, foam, newspaper, cloth, etc. 
Scissors (1 per team) 
Adhesive Materials (hot glue, glue, tape) 
Smart Devices - phones, tablets, etc. (2 per team) 
  -Tone / Frequency Generator APP (example: Audio Function Generator APP for iPhone; Frequency Generator  
    for Android; Decibel 10th for all devices) 
  -Audio Analyzer APP (example: Audio Analyzer; iPhone's Voice Memo APP)

Objectives Student teams will design a recording booth for optimal sound quality and outside noise pollution reduction by 
measuring, testing, analyzing, and redesigning a prototype. 

Instructional 
Process

1.   Have teams use their repurposed materials and follow the "Build and Test Team’s Sound Booth" instructions  
      to begin the building process. 
2.   After their 1st Prototype build, testing, data recording, and data plotting is completed, have teams analyze  
      their results to plan and build a 2nd, Redesigned Prototype. 
3.   Assign "Audio Analyzer Results Homework" on Day 6. 
4.   Assign "Decibel Conversion Homework" on Day 7.

Differentiation As needed, guide individual students to investigate particular websites.  
Students could be given a list of materials from which to choose, instead of starting from scratch. 
Provide challenge by defining additional constraints. 

Assessments Appendix C: Engineering Logbook, sections: 
                     -Build and Test Team’s Sound Booth  
                     -Redesign Team’s Sound Booth 
Appendix N:  Audio Analyzer Results Homework 
Appendix P: Decibel Conversion Homework 
Appendix Q: Engineering Design Challenge Rubric 
Observation 



Page 19 of 24Draft: Tuesday, August 25, 2015

Section II: STEM Lesson Plan 

Title of Lesson Days 8, 9, and 10: Presentation and Post-Test

Time Required 150 minutes (50 minutes per day)

Materials Appendix A: Pre/Post-Test (1 per student) 
Appendix B: Pre/Post-Test ANSWER KEY (1 per teacher) 
Appendix C: Engineering Logbook (1 per student), Sections: 
                     -Presentation 
Appendix Q: Engineering Design Challenge Rubric 
Multi-Media Collaborative Presentation Program  (Google Slides, Prezi, etc.)

Objectives Students will  develop a presentation, which persuades a panel of judges to choose their prototype. 
 
By completing a post-test, students will demonstrate knowledge gained regarding the properties of sound and 
waves. 
 

Instructional 
Process

1.   Instruct teams to create a multimedia presentation, following the "Presentation" instructions. Inform teams  
      that what is not completed in class must be divided amongst team members and finished for homework. 
2.   Allow time for each team to present (5-7 minutes per team). 
3.   Administer Post-Test.

Differentiation Modify the presentation expectations as need for individual teams/students. 
 
Modify Post-Test based on needs of individual students. 

Assessments Appendix A: Pre/Post-Test  
Appendix P: Decibel Conversion Homework 
Appendix Q: Engineering Design Challenge Rubric 
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Section III: Unit Resources 

Materials and 
Resource 
Master List

Computer with Internet Access 
Projector 
Video: “The Coolest Things Sound Waves Do" (3m0s): http://www.youtube.com/watch?v=Ude8pPjawKI  
Video: “Amazing Resonance Experiment!” (3m39s): http://www.youtube.com/watch?v=wvJAgrUBF4w  
Video: “Amazing Water & Sound Experiment #2” (2m17s): http://www.youtube.com/watch?v=uENITui5_jU  
- Helium Balloon (1 per teacher) 
- Piece of wood, styrofoam, water bottle, foam, cloth (suggested materials) (1 per teacher) 
- Slinky(1 per teacher) 
 
Per Teacher (sound devices pre-build): 
- Wire Hangers - uncoated (7 per teacher) 
- Dixie Cups - large (6 per teacher) 
- Styrofoam cups - large (6 per teacher) 
- Plastic Cups - large (1 per teacher) 
- Paperclips - large (14 per teacher) 
- Twine – 180 cm segments (1 per teacher) 
- String – 180 cm segments (1 per teacher) 
- Fishing Line – 180 cm segments (1 per teacher) 
 
Per Team:  
- Smart Devices - phones, tablets, etc. (2 per team) 
- Tone / Frequency Generator APP (example: Audio Function Generator APP for iPhone; Frequency Generator  
   for Android; Decibel 10th for all devices) 
- Audio Analyzer APP (example: Audio Analyzer; iPhone's Voice Memo APP) 
- Styrofoam Cups - large (2 per team)  
- Scissors  
- Ear Buds  
- MP3 Players 
- Repurposed Materials - for building sound booth (students bring from home), examples:  
      packing peanuts, foam, newspaper, cloth, etc. 
- Multi-Media Collaborative Presentation Program  (Google Slides, Prezi, etc.) 
 
Appendix A: Pre/Post-Test 
Appendix B: Pre/Post ANSWER KEY 
Appendix C: Engineering Logbook 
Appendix D: Teacher Instructions for Building Sound Apparatus 
Appendix E: Exploring Sound - Exit Slip  
Appendix F: Transverse and Longitudinal Waves Discussion 
Appendix G: Sine/Cosine Waves and Basic Properties Discussion 
Appendix H: Sine/Cosine Waves Differentiation - Discussion 
Appendix I: Sine/Cosine Waves and Basic Properties - Exit Slip 
Appendix J: Transverse Waves in a Solid - Discussion 
Appendix K: Speed of Solid - Discussion 
Appendix L: Speed of Solid: Homework 
Appendix M: Speed of Solid: Homework Handout ANSWER KEY 
Appendix N: Audio Analyzer Results Homework 
Appendix O: Audio Analyzer Results Homework – SCORING GUIDE 
Appendix P: Decibel Conversion Homework 
Appendix Q: Engineering Design Challenge Rubric 
 

Key Vocabulary amplitude –  
the extent or range of a quality, property, process, or phenomenon: as  
a :  the extent of a vibratory movement (as of a pendulum) measured from the mean position to an extreme  
b :  the maximum departure of the value of an alternating current or wave from the average value  
 
crest -  
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the highest part or point of something (such as a hill or wave) 
 
echo -  
a :  the repetition of a sound caused by reflection of sound waves 
b :  the sound due to such reflection 
 
frequency –  
the number of repetitions of a periodic process in a unit of time: as  
a :  the number of complete alternations per second of an alternating current  
b :  the number of complete oscillations per second of energy (as sound or electromagnetic radiation) in the form  
      of waves  
 
harmony -  
a :  the combination of simultaneous musical notes in a chord 
b :  the structure of music with respect to the composition and progression of chords 
c :  the science of the structure, relation, and progression of chords 
 
hertz (Hz) -  
a unit of frequency equal to one cycle per second 
 
incident angle -  
the angle that an incident line or ray makes with a perpendicular to the surface at the point of incidence. 
 
infrasonic -  
having or relating to a frequency below the audibility range of the human ear 
 
parallel -  
a :  extending in the same direction, everywhere equidistant, and not meeting (parallel rows of trees) 
b :  everywhere equally distant (concentric spheres are parallel) 
 
perpendicular -  
a :  standing at right angles to the plane of the horizon :  exactly upright 
b :  being at right angles to a given line or plane 
 
pitch –  
a :  the relative level, intensity, or extent of some quality or state (tensions rose to a feverish pitch)  
b (1) :  the property of a sound and especially a musical tone that is determined by the frequency of the waves  
       producing it :  highness or lowness of sound (2) :  a standard frequency for tuning instruments  
c (1) :  the difference in the relative vibration frequency of the human voice that contributes to the total meaning  
        of speech (2) :  a definite relative pitch that is a significant phenomenon in speech  
 
phase –  
the point or stage in a period of uniform circular motion, harmonic motion, or the periodic changes of any 
magnitude varying according to a simple harmonic law to which the rotation, oscillation, or variation has 
advanced from its standard position or assumed instant of starting  
 
reflection angle -  
the angle made by a reflected ray perpendicular to the reflecting surface. 
 
sound –  
1 a :  a particular auditory impression :  TONE  
   b :  the sensation perceived by the sense of hearing  
   c :  mechanical radiant energy that is transmitted by longitudinal pressure waves in a material medium (as air)  
      and is the objective cause of hearing  
2 a :  a speech sound (a peculiar sound)  
   b :  value in terms of speech sounds (-cher of teacher and -ture of creature have the same sound) 
 
trough -  
the minimum point of a complete cycle of a periodic function 
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ultrasonic -  
having a frequency above the human ear's audibility limit of about 20,000 hertz  
 
wavelength -  
the distance in the line of advance of a wave from any one point to the next point of corresponding phase 
 
 
 
 

Technical Brief Sound that travels through the air is the displacement of air molecules in the form of waves. These waves are 
mechanical in nature and are caused by pressure and displacement of the air. The waves are composed of 
many different frequencies that our ears and brain perceive as sound. However, sound can go unheard (e.g., 
frequencies that are below or above the human range of hearing), and can  be changed if the sound is made to 
travel through an extra material (e.g., other than just air). This propagation of the sound wave through (or off of) 
various materials is what can purposefully (or inadvertently) change the fundamental perception of the sound 
being generated. 
 
The purpose of a sound studio is an interesting balance of both attenuating (e.g., reducing), as well as 
enhancing the sounds being generated. A musician wants their recording to be perfect, an exact replica of how 
they perceive their work of art. A sound engineer’s job is to utilize a well-designed studio to give the artist what 
they desire. For example, the musician may want growling lows enhanced and a huge bass sound. The purpose 
of the studio is to allow these desires to be captured. 
 
However, rarely is a sound studio built in a vacuum without regard to any rooms (or buildings) in the vicinity. 
Indeed may recording studios have multiple recording rooms and offices. In light of these facts, a further 
requirement of a sound studio is that the sound must not leave the studio nor impinge on the other studios. While 
this design may appear to be an easy task, it is to be balanced with an internal structure that does not destroy 
the integrity of the music being generated within it. Here lies the crux of the design problem. 
 
For an excellent review of the design and history of recording studios see: http://en.wikipedia.org/wiki/
Recording_studio 
 
 
 
 

Safety and 
Disposal

• It is recommended that: 
  o Students work with sharp objects only with adult supervision. 
  o Sound from any speaker does not exceed 100 dB 
• Most materials used in this unit are reusable. However, should 
something need to be disposed of, it is recommended that items be 
recycled or disposed of in appropriate waste receptacles. 
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