Passive Speaker Engineering Challenge, 5E Investigation Sequence
	Grade level: 4th Grade, Preservice Teachers

	NGSS Standards: DCIs, CCs, and SEPs

	
Disciplinary Core Ideas
	Crosscutting Concepts

	PS3.B: Conservation of Energy & Energy Transfer - Energy is present whenever there are moving objects, sound, light, or heat. When objects collide, energy can be transferred from one object to another, thereby changing their motion. In such collisions, some energy is typically also transferred to the surrounding air; as a result, the air gets heated and sound is produced.

PS3.C Relationships Between Energy & Forces - When objects collide, the contact forces transfer energy so as to change the objects’ motions.

ETS1.A Defining and Delimiting an Engineering Problem
Possible solutions to a problem are limited by available materials and resources (constraints). The success of a designed solution is determined by considering the desired features of a solution (criteria). Different proposals for solutions can be compared on the basis of how well each one meets the specified criteria for success or how well each takes the constraints into account.

ETS1.B Developing Possible Solutions
Research on a problem should be carried out before beginning to design a solution. Testing a solution involves investigating how well it performs under a range of likely conditions.

	Cause and Effect
In grades 3-5, students routinely identify and test causal relationships and use these relationships to explain change. They understand events that occur together with regularity might or might not signify a cause and effect relationship.

	Science & Engineering Practices

		#2 Developing and Using Models
· Collaboratively develop and/or revise a model based on evidence that shows the relationships among variables for frequent and regular occurring events.
· Develop and/or use models to describe and/or predict phenomena.
· Use a model to test cause and effect relationships or interactions concerning the functioning of a natural or designed system.


	#3 Planning and Carrying Out Investigations
· Plan and conduct an investigation collaboratively to produce data to serve as the basis for evidence, using fair tests in which variables are controlled and the number of trials considered.
· Make observations and/or measurements to produce data to serve as the basis for evidence for an explanation of a phenomenon or test a design solution.
· Make predictions about what would happen if a variable changes.
· Test two different models of the same proposed object, tool, or process to determine which better meets criteria for success.


	#4 Analyzing and Interpreting Data
· Represent data in tables and/or various graphical displays (bar graphs, pictographs and/or pie charts) to reveal patterns that indicate relationships.
· Analyze and interpret data to make sense of phenomena, using logical reasoning, mathematics, and/or computation.
· Use data to evaluate and refine design solutions.


	#5 Using Mathematics and Computational Thinking
· Organize simple data sets to reveal patterns that suggest relationships.
· Describe, measure, estimate, and/or graph quantities (e.g., area, volume, weight, time) to address scientific and engineering questions and problems.


	#6 Constructing Explanations and Designing Solutions
· Use evidence (e.g., measurements, observations, patterns) to construct or support an explanation or design a solution to a problem.
· Apply scientific ideas to solve design problems.
· Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design solution.


	#7 Engaging in Argument from Evidence
· Make a claim about the merit of a solution to a problem by citing relevant evidence about how it meets the criteria and constraints of the problem.


	#8 Obtaining, Evaluating, and Communicating Information
· Communicate scientific and/or technical information orally and/or in written formats, including various forms of media as well as tables, diagrams, and charts.







	Engage Stage

	Time – 30 minutes
	Materials & Resources
· Student Science Notebooks
· https://www.youtube.com/watch?v=7zzk-8Id8O8
· https://www.youtube.com/watch?v=Ux8xAuQBdkk
· https://www.youtube.com/watch?v=fkFiIhDR_nc
· https://www.youtube.com/watch?v=Vg1mpD1BICI

	1. Ask students to gently draw/rub their finger down their forearm. Challenge them to listen carefully to the sound created (without raising their arm to their ear).
2. Now, ask them to gently draw/rub their finger over the outside of their ear and listen for differences in the sound.
3. Have them discuss at tables the similarities and differences in the two experiences with these prompts: Which one appeared louder and why? Do you think that it was actually louder? Why or why not?
4. Now, have all four YouTube clips loaded and tell the students you are going to play about 30 seconds of each one. Have them close their eyes and just listen. Challenge them to identify all the sounds they can hear.
5. After playing 30 seconds of each clip, allow students to discuss the sounds they think they heard.
a. Waterfall and Birds - https://www.youtube.com/watch?v=7zzk-8Id8O8
b. Crackling Fire - https://www.youtube.com/watch?v=Ux8xAuQBdkk
c. Thunderstorm - https://www.youtube.com/watch?v=fkFiIhDR_nc
d. City Sounds - https://www.youtube.com/watch?v=Vg1mpD1BICI
6. Have students start a new Science Journal entry called, The Science of Sound. Then ask them to write about the sounds in one of the clips: What did they hear? How would they describe the sounds? What is causing those sounds
7. Now, ask students to do their best to answer several challenging questions. Tell them to write out each answer in their science notebook. Tell them not to leave blank answers if at all possible.
a. What causes sound, and is there only one cause or many causes?
b. Does sound have energy or not? How do you know?
c. What makes some sounds loud and others quiet, and why do sounds have different pitches?
8. Have students discuss at tables their answers to the questions. Then, have a few volunteers share out with the class.
9. Next, tell students that they will begin investigating sound in order to answer one main driving question. Have students write down the driving question. “How can we explain the changes in the behavior of sound?”




	Explore Stage

	Time – 90 minutes
	Materials & Resources
· Student Science Notebooks
· All materials for Sounds Stations, see Sound Stations Directions
· Sound Station Directions for each station


	1. Review Engage stage appropriately (depending on time elapsed)
2. Explain to students that we will investigate the driving question, “How can we explain the changes in the behavior of sound?” by answering smaller questions at five different stations.
3. Have students to set up the next 5 pages of their Science Notebook with the subheadings and questions for each station.
a. #1 Tuning Fork Testing: Q – What will happen when you lightly touch each surface with the active fork?
b. #2 Turn up the Volume (Part A): Q – How can we explain the amplification of sound in these tests?
c. #3 Turn up the Volume (Part B): Q – How can we explain the amplification of sound in these tests?
d. #4 Solid Sounds: Q – How will the sounds made by striking and scratching objects differ when listening through a gas or listening through a solid?
e. #5 Find the Pitch: Q – Which pitches are higher or lower and how can the change in pitch be explained?
4. Provide a brief overview for each station reminding students that the directions explain steps in predictions, testing, collecting data, and expectations for discourse.
5. Remind students that the concept they need to focus on is cause and effect. Each effect they observe in the investigation has a cause. Uncovering the causes is essential.
6. Explain to students what an “active tuning fork” means and how to “activate” one.
7. Now, before beginning the stations, have all students turn to #5 Find the Pitch in their science notebook. Explain that there are some data you will be collecting together.
a. Explain that the first part of the station examines how water level in the jugs influences the pitch that the jug produces.
b. Have students make a prediction about how the water level in the three jugs will cause the pitch to change, if it changes, when you lightly blow air over the top of the jug.
c. Then, blow air over the mouth of each jug and have students record their observations.
d. Finally, explain that when their group gets to the station they will make a second prediction about the pitch each jug produces when they are struck with a wooden dowel.
8. Have students divide themselves across the stations (they can be visited in any order) and turn in their science notebooks to the correct page.
9. Try to give students as much time as needed at each station so that writing, drawing, and questioning are not lacking. 10 to 15 minutes should be enough.
10. When finished, have students discuss answers to the station questions. Encourage the use of specific evidence. Also, have a few share out with the class.




	Explain Stage

	Time – 60 minutes
	Materials & Resources
· Student Science Notebooks


	1. Remind students of the driving question, “How can we explain the changes in the behavior of sound?” 
2. Have students help create a list of the “changes” or different “behaviors” they observed at the stations. (i.e. the tuning fork made water splash and paper buzz, the tuning fork was louder through the PVC pipe than without it, and the faster the nut spun in the balloon the higher the pitch produced).
3. Then, show the students that the many behaviors listed can be grouped: changes in pitch, changes in volume, and other changes/behaviors.
4. Remind students that the focus is on cause and effect, and have students discuss at tables causes for the different behaviors and changes based on evidence they collected.
5. Next, tell students it is time to craft a formal explanation for the driving question. Encourage them to create their answer in three parts to go with the three categories. Remind them to focus on cause and effect and always use evidence to support ideas. Encourage them to use both writing and models (drawings) in their answer.
6. Once students have completed their initial drafts, have several share ideas. Then, provide further answers from the field of science with a focus on energy transfer and only briefly mentioning wave length and amplitude (waves should be investigated further during another or connected 5E sequence).
7. Use student answers to further describe evidence for energy transfer as a way of explaining the behavior of sound.



	Elaboration Stage

	Time – 180 minutes
	Materials & Resources
· Student Science Notebooks
· The Most Magnificent Thing by Ashley Spires
· https://www.youtube.com/watch?v=IvUU8joBb1Q
· Passive Speaker Challenge document
· All materials for Passive Speaker Build, see Passive Speaker Materials
· Old Cell Phone (no service needed)
· Current Cell phone with app, Sound Meter
· Hard copy sets of passive speaker images, Passive Speaker Images
· 

	Introduction to Passive Speaker Challenge (30 minutes)
1. Read The Most Magnificent Thing by Ashley Spires
2. Share how engineers must persevere through many failures just like the girl in the book, and tell the students that you have a good example to show them.
3. Play the Marble Machine, https://www.youtube.com/watch?v=IvUU8joBb1Q
4. Have students share at tables:
a. How do you think the machine works?
b. Do you think it is real or a trick? Why?
c. What questions to you have about it?
5. Tell students that it is indeed real and the musician engineer who created it has shared many videos about his process and all the things he needs to redesign to make it better. Share that he has been building a new one, Marble Machine X for the past several years. Engineering a solution takes time and perseverance.
6. Now, tell the students that you have an engineering design challenge for them and they will need to use all they have learned about sound science in order to succeed.
7. Pass out the Passive Speaker Challenge document and ask students to read and discuss at tables.
8. Discuss challenge together and specifically explain how the challenge mimics the limitations of real world engineering:
Function
· “Hold” the cell phone
· Produce the most amplification of the cell phone alarm tone
Compliance
· Be carried as 1 piece
· 12” X 12” X 12” or less
Feasibility & “Cost”
· 60 minutes to build 
· Shared, community supplies and tools for building (not including supply packaging)
· You may use your own decoration materials
Safety 
· The phone must remain undamaged or altered
Esthetics
· 3 impartial judges will individually score the appearance of your design


	Investigating Passive Speaker Designs (45 minutes)
1. Review the driving question/engineering challenge, “How can we design a passive speaker that amplifies sound the most while remaining esthetically pleasing?”
2. Have students form (or help/assign) groups of 3. These will be the design teams
3. Have design teams review science notebook entries from the sound station investigation. Encourage them to focus on cause and effect. What caused sound to be amplified? 
4. Share the old cell phone to be used, discuss the location of the speaker(s) on the phone and post measurements on the board.
5. In science notebooks, have each student sketch one or two models for different passive speaker designs. Encourage them to work individually on this part.
6. Now, have students share models with design team and label aspects that reflect things learned from sound stations.
7. [bookmark: _GoBack]Pass out passive speaker picture sets to teach team (see Passive Speaker Images document).
8. Students should examine each image and create a list of patterns/similarities in the designs.
9. Now, students compare drawn models with patterns in the images.
10. Design teams decide on one design model or work together to draw a new model.
11. Students visit materials station to consider what might be used (all design materials need to be set out for students to see – No taking or building with materials at this time). Then, students add material labels to different parts of the model.
12. Students plan for esthetics and create a list of any materials they want to bring from home.


	Building Passive Speakers (55 minutes)
1. Be sure all community design materials are accessible
2. Review passive speaker challenge criteria.
3. Make the phone available to team for testing during the build.
4. Encourage students to test ideas regularly while building.
5. Give students 45 minutes to build. Provide regularly time check reminders.
6. Remind them during the build to be thinking of a creative name for their passive speaker.
7. Tell students all designs must be completed and labeled with the product name (on the design or on a placard nearby) when time is up.

	Testing Passive Speakers (50 minutes, divided)
1. Have students set up the following data table in their science notebook (with enough rows for the total number of team designs)
	Design Name
	Prediction
	Test 1
	Test 2
	Test 3
	Average

	Control
	NA
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


2. Now, have students do a gallery walk and complete a rank order prediction for the designs (#1 for the design that amplifies sound the most).
3. Test the speakers on a table/counter top approximately 6 to 8 feet long. The speaker is set at one end and the phone measuring decibels is held at the other end.
Notes on collecting decibel data
· Use an alarm tone for each test for consistency. From sound settings you can test the alarm tones repeatedly.
· Remind students that they must be silent during each test.
· Resetting the max decibels on the app at the start of each test allows for accurate measurement.
· Collect control data first by having a student hold the test phone a few inches above the table surface and you hold the measuring phone a few inches above at the other end. Collect three samples and average.
· Some teams can set the phone in the speaker before pressing the alarm sound test; others will need to press the alarm sound test before situating the phone.
4. Now, have teams take turns setting up the phone in their speaker and testing three times.
5. After all teams have completed the test, averages can be calculated.
6. Later, have a few colleagues help score esthetics using the rating scale on the Passive Speaker Challenge document.
7. After esthetic judging, point scores can be calculated to determine the design team that achieved the greatest success in meeting the design challenge criteria.
a. 20 points is possible for amplification
b. The design that achieved the greatest average amplification earns 20 points. All other designs receive a less points based on percentage (i.e. if the top average decibel score is 65.3 then 65.3 equals 20.0 points. Another team whose average decibel score is 62.5 would receive 19.1 points).
c. 10 points is possible for esthetic design. Scores from at least 3 judges are averaged for each design. These are then added to the decibel scores to arrive at an overall total score with a maximum possible of 30 points.
8. After final calculations, allow teams a chance to discuss and write about differences they would make in redesigning their speaker to improve amplification and esthetics.



	Evaluate Stage (45 Minutes)

	1. Students use notes and drafts from science notebook to create an explanatory model diagram of the flow of sound energy in their passive speaker. The model needs to be accompanied by a paragraph or two explaining the cause and effect relationships in the model.



