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Design a Quieter Cabin 
Days 7, 8, and 9: Design a Quieter Cabin 

Grade Level Early Middle School (Grade 6) 

Lesson Length Three 50-minute sessions 

Lesson Overview 

On Days 7–9, students develop and test prototype designs for a quieter airplane cabin. Students 
simulate the cabin by shielding an object from sound waves. As they design their cabin, students 
integrate and apply their knowledge of sound gained from Days 1–6. Design constraints include a 
specific list of supplies to choose from, a budget of $10,000, and a weight limit. Students engage 
in the iterative engineering design process as they work through the challenge. 

All students are given the same sized piece of PVC pipe to simulate their cabin. Each piece of PVC 
will have a cardboard disk taped to one end of the pipe. The cardboard will have a hole removed 
to allow for the insertion of the decibel meter. The students then design and construct various 
materials around the container in their efforts to mitigate the sound energy that is allowed to reach 
the decibel meter’s microphone. 

Connecting to the Next Generation Science Standards 

On Days 7–9, students demonstrate understanding consistent with the performance expectations 
and three dimensions developed throughout the module. This lesson serves as a performance 
assessment in which all performance expectations and dimensions are addressed in the final 
presentation. Please reference the performance expectations, disciplinary core ideas, science and 
engineering practices, and crosscutting concepts referenced in the front matter of this module. 

Basic Teacher Preparation 

Days 7–9 engage students in iterative design and experimentation to create a quieter airplane 
cabin experience. Organize the supplies so students can access them easily. Have all materials 
precut for the PVC cabin and base. Refer to the materials list for additional information. Refer to 
the Design a Quieter Cabin Student Handbook ahead of time so you can address any questions 
students might have. All Day 7–9 documents can be found on pages 3 and 10–15 in the Design a 
Quieter Cabin Student Handbook. The documents used in this lesson are: 

• Engineering Design Problem (page 3)
• Design a Quieter Cabin: Individual Design (page 10)
• Design a Quieter Cabin: Team Design (page 11)
• Modification after Private Test (page 12)
• First Class Trial (page 13)
• Modification Trial (page 14)
• Final Class Trial (page 15)
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Required Preparation Links/Additional Information 

 Gather or purchase the required materials
for the lesson

Refer to the Materials List below 

 Review suggested teacher preparation
resources

Refer to the Suggested Teacher Resources at 
the end of this lesson 

Materials List 

Item 
Description/Additional 

Information Quantity 
Where to 

Locate/Buy 

Decibel meter 1 per team Decibel meter [Web Link] 

PVC pipe selection 4 inches in diameter x 4 
inches in length 

1 per team PVC pipe [Web Link] 

PVC cap 4 inches in diameter x 4 
inches in length 

1 per team PVC cap [Web Link] 

Ruler 1 per team Office supply store 

Copy paper 1 ream Office supply store 

Aluminum foil 1 roll Local store 

Plastic wrap 1 roll Local store 

Wax paper 1 roll Local store 

Corkboard 1 pack per 
class 

Cork tiles [Web Link] 

Rubber liner 1 roll Rubber liner [Web Link] 

Heavy duty trash bag 1 box Local store 

Cotton washcloth or 
T-shirt fabric

Local store or thrift shop 

Cotton balls 1 bag Local store 

Duct tape 1 roll Local store 

Masking tape 1 roll Office supply store 

Glue 1 large bottle Office supply store 

Paper clips 1 large box Office supply store 

Pipe cleaners 1 large package Pipe cleaners [Web Link] 

Playdoh® or modeling 
clay 

1 large tub Local store 

http://www.amazon.com/BAFX-Products-TM-Decibel-Battery/dp/B00ECCZWWI/ref=sr_1_1?&ie=UTF8&qid=1437151744&sr=8-1&keywords=decibel+meter
http://www.homedepot.com/p/Unbranded-4-in-x-10-ft-PVC-Sch-40-DWV-Plain-End-Pipe-531103/100156409
http://www.homedepot.com/p/NIBCO-4-in-PVC-DWV-Hub-Cap-C4817HD4/205799563
http://www.amazon.com/dp/B0018DHBAK/ref=sr_ph_1?m=ATVPDKIKX0DER&ie=UTF8&qid=1437640383&sr=1&keywords=quartet
http://www.amazon.com/Duck-855145-Non-Adhesive-12-Inch-20-Feet/dp/B0027P9516/ref=sr_1_4?ie=UTF8&qid=1437149283&sr=8-4&keywords=kitchen+drawer+mat
http://www.amazon.com/Chenille-Kraft-Big-Pipe-Cleaners/dp/B00A6VWMYK/ref=sr_1_4?ie=UTF8&qid=1437149427&sr=8-4&keywords=pipe+cleaners
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Day 7: Design a Quieter Cabin 

Introduction (10 minutes) 

Refer students to the Engineering Design 
Problem on page 3 in the Design a Quieter 
Cabin Student Handbook. Review the Day 1 
Design Problem on page 14 in this teacher 
handbook, where students shield a 
passenger’s ears (represented by a decibel 
meter) from exterior sounds (represented by a 
sound source 3 feet away). The cabin that 
surrounds the passenger is a 4-inch length of 
4-inch diameter piece of PVC pipe (see Figure
1).

Have students cut a 4-inch diameter circle out 
of cardboard and cut a hole in the middle to 
allow for the insertion of the decibel meter (see 
Figure 2). Use any tape to fasten the cardboard 
to the PVC pipe (see Figure 3). Have a precut  
physical example to show students what the 
finished product should look like. 

Engineering Design Challenge 

• You have a $10,000 budget to add
materials to the interior of an airplane
cabin to make it more resistant to
sound.

• All materials must be fastened or laid
inside the cabin so they are no more
than 1.5 inches away from the
container’s walls.

• Materials can be placed on the
cardboard lid, but the height of the lid
should not exceed .5 inches.

• At no point should the material come
in direct contact with the decibel
meter.

• You must consider the properties,
cost, and placement of each material.

• You must justify all design decisions
using science ideas developed
throughout the module.

At the time of testing, the PVC cabin will be 
placed in a cap to ensure a uniform base for 
each team. 
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Material Size/Quantity Cost 

Copy Paper each 8.5” x 11” sheet $200.00 

Aluminum Foil each 4” x 6” sheet $200.00 

Plastic Wrap each 4” x 6” sheet $200.00 

Wax Paper each 4” x 6” sheet $200.00 

Rubber Liner each 4” x 6” sheet $300.00 

Heavy Duty Trash Bag each 4” x 6” sheet $300.00 

Cotton Cloth or T-shirt Fabric each 4” x 6” sheet $300.00 

Corkboard each 4” x 6” tile $600.00 

Cotton Balls each $20.00 

Duct Tape per linear foot $1,000.00 

Masking Tape per linear foot $700.00 

Glue unlimited $500.00 

Paper Clips each $50.00 

Pipe Cleaners each $200.00 

Clay 1 ounce $200.00 
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Investigation: Decibel Levels (10 minutes) 

In the design challenge, a quieter cabin is measured by measuring the decibels inside the cabin 
when a sound is played outside the cabin. Share the Decibel Level diagram with students and lead 
a discussion about what a decibel measures. 



Science and Innovation Design a Quieter Cabin 

Copyright ©2016 6 

Design Work: Individual Design and Cost Sheet (10 minutes) 

Have students turn to Design a Quieter 
Cabin: Individual Design on page 10 in their 
Design a Quieter Cabin Student Handbook. 
Instruct students to individually sketch their 
initial designs for their noise resistant cabins. 

Students must include approximate 
measurements, materials, and projected 
costs. Students must also justify design  

decisions using evidence collected throughout the module. Students should cite specific evidence 
from their Design a Quieter Cabin Student Handbooks or from the Driving Question Board. 

Refer to the Materials List or the materials and cost table shown earlier in this lesson for a 
complete listing of materials available to students for their build. The materials and cost table is 
also presented as part of the Engineering Design Problem on page 3 in the Design a Quieter 
Cabin Student Handbook. 

Design Work: Team Design and Cost Sheet (15 minutes) 

Have students take turns sharing their individual designs with their teams. Remind students to 
explain the reasoning behind their designs and materials choices. Students must be able to justify 
all design decisions with evidence from the module. 

After all students share their ideas, each team must decide on a team design. The design could be 
one team member’s design, a compilation of team member designs, or a new design altogether. 
Once teams decide on a design, each team member sketches their team’s design on Design a 
Quieter Cabin: Team Design (page 11) in their Design a Quieter Cabin Student Handbook. 
Students must also complete a new cost sheet. Again, all design decisions must be justified using 
science ideas. Students must also justify design decisions using evidence collected throughout 
the module. Students should cite specific evidence from their Design a Quieter Cabin Student 
Handbooks or from the Driving Question Board. Monitor teams and sign off on each team’s 
design and budget once they have come to consensus. 

Lesson Close (5 minutes) 

Have design teams share their ideas with a different design team. Instruct students to give kind, 
specific, and helpful feedback as they share. After sharing and receiving feedback, students 
should modify their designs. 

Helpful Tip

Have all the materials laid out on a table 
for students to view while they create their 
individual designs and budgets. 
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Day 8: Design a Quieter Cabin 

Introduction (5 minutes) 

Each team should review each other’s Team Design sketch on page 11 in the Design a Quieter 
Cabin Student Handbook. Challenge teams to incorporate all that they have learned about sound 
generation, sound travel, and the transfer of energy to either alter their original design and modify 
their blueprint or stick with their initial team design. 

Design Work: First Build and Test (20 minutes) 

Demonstrate to the class how each team will test their cabin with the sample cabin you created 
for Day 1 by following the Setting Up the Design Challenge Notes shown below. Each team then 
uses their design blueprints to construct their first sound proof cabin. Upon build completion, 
each team participates in a private preliminary test with the teacher. Teams then modify their 
designs prior to the first formal class test. Teams must sketch their modifications and new budget 
on the Modification After Private Test page (page 12) inthe Design a Quieter Cabin Student 
Handbook. Students must back up all modification decisions with science ideas developed 
throughout the module. Students should cite specific evidence from their Design a Quieter Cabin 
Student Handbooks or from the Driving Question Board. 

Setting Up the Design Challenge Notes 

• Set up a microphone 3 feet away from a
speaker that will be playing audio from
this Boeing 777 takeoff video at a loud,
but safe volume.

• Note that the jet engine audio generates
many different frequencies and some
materials do a better job than others at
reflecting and/or absorbing different
wavelengths, so students should
consider using a variety of materials.

Design Work: First Class Trial (20 minutes) 

Have each team share their design with the class. 

1. Have students measure the volume of sound at the cabin location, but outside the cabin.
Students record this as their Control Reading on page 13 in the Design a Quieter Cabin
Student Handbook.

2. Have the students insert the decibel meter into their noise-reduced cabin.
3. Have students record the volume decibels at 5:05, 5:15, 5:30, 5:45, 6:00, 6:15, 6:30, 6:45

and 7:00 in the First Class Trial table on page 13 in the Design a Quieter Cabin Student
Handbook.

Video Link

Play the segment from 5:05-7:00. 

 Boeing 777 Takeoff [YouTube Link]

https://www.youtube.com/watch?v=SPyPuKkVM4I
https://www.youtube.com/watch?v=SPyPuKkVM4I
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4. Have students calculate the average of their 9 data points to measure the effectiveness of
their solution and record the average in the First Class Trial table on page 13 in the
Design a Quieter Cabin Student Handbook.

5. Have students compare their average to the control recording to see how much their
design reduced sound.

Design Work: First Redesign (5 minutes) 

Each team discusses the results of the First Class Trial. Students work together to develop their 
next team design. Students record their redesign in the Modification after First Class Trial 
section on page 13 in the Design a Quieter Cabin Student Handbook. 
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Day 9: Design a Quieter Cabin 

Design Work: Redesign and Testing (35 minutes) 

The teams construct the second design based on the Modification after First Class Trial 
blueprint on page 13 in the Design a Quieter Cabin Student Handbook.  

Teams test their modification using the same testing system developed in the previous lesson. 
Teams record their results and calculate their design’s average in the Modification Trial table on 
page 14 in the Design a Quieter Cabin Student Handbook. 

Teams continue to modify their design in preparation for the final trial. Teams record their Final 
Class Trial on page 15 in the Design a Quieter Cabin Student Handbook. 

Design Work: Final Class Trial (15 minutes) 

Each team shares their design with the class. Gather the class around the testing station. Run a 
control sound test before each team runs their final test. Have each team, one at a time, insert the 
decibel meter into their noise-reduced cabin. Have teams record the volume decibels at 5:05, 
5:15, 5:30, 5:45, 6:00, 6:15, 6:30, 6:45 and 7:00 and record their average of the 9 data points in 
the Final Class Trial table on page 15 in their Design a Quieter Cabin Student Handbook. 

Instruct students to comment on the successes and failures of their various designs on page 15 in 
their Design a Quieter Cabin Student Handbook. Students should ground their discussions in 
the science ideas developed throughout the module. 

Assessment 

Several opportunities for formative assessment exist in this lesson: 

• Design a Quieter Cabin Student Handbook entries can be used to monitor student
progress during the module. Focus specifically on students design justifications on pages
10–15.

• Consider gathering evidence of student progress through small group and whole group
discussions.

Use the identified assessment opportunities to monitor student progress on disciplinary core 
ideas, science and engineering practices, and crosscutting concepts. Provide appropriate 
supports or extensions when necessary. 

Reference Appendix B for suggestions for meeting the needs of all learners. 

Community Connections 

If time permits, invite movie theater managers or local church choir directors to share how their 
facilities shield and or magnify sound. 
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Suggested Teacher Resources 

Meeting the Needs of All Learners 
Design a Quieter Cabin Teacher 
Handbook, Appendix B 

Design a Quieter Cabin Student Handbook [Resource Link] 

Boeing 777 Takeoff (video) [YouTube Link] 

https://www.teachingchannel.org/acoustics-engineering-unit-boeing
https://www.youtube.com/watch?v=SPyPuKkVM4I



