
Title: Do you speak whale?

Abstract: 

Light does not travel well underwater and so whales rely on sound as their primary way to communicate with each other and sense their environment.  Each whale species produces unique sounds.  These sounds may help the whale find a mate, capture prey, or navigate through their ocean habitat.

In this lesson, students will get to hear the sounds of 9 different whale species.  As they observe the differences between different species, they will formulate hypotheses about why the whales make different sounds.  They will apply this new knowledge to guess the sound of a different species that they haven’t heard yet and also have the option of inventing a new species and its calls.


What standard(s) does this address? 

	NGSS Performance Expectation
	4-PS4-1: Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move.

3-LS2-1.	3-LS2-1: Construct an argument that some animals form groups that help members survive.

	Common Core Math
(found w/ NGSS)
	




	Common Core English
(found w/ NGSS)
	SL.4.5	Add audio recordings and visual displays to presentations when appropriate to enhance the development of main ideas or themes. (4-PS4-1)

RI.3.3	RI.3.3: Describe the relationship between a series of historical events, scientific ideas or concepts, or steps in technical procedures in a text, using language that pertains to time, sequence, and cause/effect. (3-LS2-1)
W.3.1.a–d	
W.3.1.a-d: Write opinion pieces on topics or texts, supporting a point of view with reasons. (3-LS2-1)
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Learning Objectives: 

After completing this lesson, students will be able to:
 
· Observe and describe differences in sounds produced by different species using terms like “frequency” and “amplitude”

·  Identify characteristics of sound that can help distinguish species

· Explain why call characteristics are different

· Hypothesize what a new species of whale would sound like

· BONUS: Create a new species of whale and record its calls.  Describe why it sounds like it does.

Lesson plan outline: 

This lesson follows the SciREN_WhaleAcoustics PowerPoint presentation.  Notes to help the teacher are provided in the slide notes.
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	Learning E 
	Teacher Does / Says
	Student Does 

	Engage
How can I get students interested in this?

~5 minutes
	Slide 2
Start by showing the image of the dolphins.  Ask the students what they think is happening in this photo and what they think the photo sounds like

	Students discuss with classmates and teacher 
 

	Explore
What tasks / questions can I offer to have students puzzle through this?

~20-30 minutes
(Time can be reduced if needed by removing some of the guessing slides towards the end)
	Slide 3
Have students take out science notebooks and divide clean page into 3 columns.  Label the first column “Description of Sound”, the second column “Species Guess”, and the third column “Actual Species”.  

Slides 4-11
For each of these slides, play the sounds in the upper right corner.  Then ask the students to write or draw a description of the sound and their species guess in their journal.  Also ask them to write their species guess on their whiteboard, but keep it hidden.  

Once the students are done writing, ask a couple of students to share their description of the sound.  Encourage them to use the words frequency, wavelength, and amplitude in their description of the sounds if they are familiar with those terms.  

Then ask the students to hold up their whiteboards with their guesses and advance the slide to reveal the correct species.  Share a little bit about that species (see text in slide notes).
	Students write or draw what each whale call sounds like and guess the species.  Once the correct species is revealed, students fill in the correct species in their journals.  



	Explain
How can I help students make sense of their observations? 
- let them try to explain first

~5 minutes
	Slides 12-13

Discuss with the class to help make sense of the different whale vocalizations.  Notes to guide the discussion are in the slide notes.  

	Students participate in class discussion and brainstorm in their journal.


	Elaborate
How can my students apply their new knowledge to other situations? 

~3 minutes
	Slide 14

Ask students to predict what a gray whale sounds like based on what they have learned about whale sounds.  Students should be able to guess that the gray whale would make a low-frequency sound (since it is a large whale) and might sound like groaning (since it is a baleen whale).  It would not make whistles or clicks.

Share a little about the gray whale from the slide notes.
	Students apply knowledge to hypothesize what the gray whale sounds like


	Evaluate 
How can I help my students self-evaluate and reflect on their learning? 

~15-20 minutes
	BONUS Activity.  This could also be a take-home assignment.  

Ask students to create their own whale.  Draw the whale and write about what it does.  Is it a baleen whale or a toothed whale?  What type of food does it eat?  Does it travel in groups or alone?  Where does it live?  Also ask the students to record its sound.  They could do this using a voice recorder app on a phone or computer.  What does it use its sound for?  The sound should make sense for the whale based on what they have learned about whale vocalizations.  If you have the time, you could ask the students to share their new whale with the class.

	Students draw and write about their new species of whale in their journal.  They also record themselves making a sound like the whale would.  They practice explaining why the whale produces this vocalization in writing and to the class.  They can use diagrams and drawings to help.








Appendix: 

Prep (30 mins):
· Ensure that the slideshow works and that all audio plays at a good volume
· Set up screen sharing so that you are also sharing your computer’s audio
· Read through the slide notes to familiarize yourself before you start
· Determine the amount of time that you have and if you need to remove any slides or activities from the lesson

Materials:
· Whiteboards and markers for each student
· Science Journal and pencil for each student
· Headphones for students if possible – sound quality is better!
· Powerpoint presentation
· Voice-recording app on phone or computer for bonus activity

Whale Acoustics Terminology:
Frequency – measurement of the cycles/second of a wave.  Measurement units = Hz.  We perceive higher frequency sounds to be higher pitched (think violin) and lower frequency sounds to be lower pitched (think tuba).
Wavelength – Wavelength is inversely related to frequency.  As wavelength increases, frequency decreases (fewer cycles/second).
Hydrophone – Underwater microphones that scientists use to record whale sounds.  Hydrophones usually work by sensing small pressure changes (since sound is a pressure wave).
Cetacean – The scientific word for “whale”
Odontocete – A subgroup of cetaceans that have teeth.  Literally means “toothed whale”
Mysticete – A subgroup of cetaceans that have baleen and filter food from water.
Pod – A group of whales swimming closely together.  Sometimes also called a school.

Helpful Websites:
Background information about underwater acoustics: https://dosits.org/
More whale sounds: http://voicesinthesea.ucsd.edu/index.html

Common Student Questions: I am always updating this list, so please let me know if your students have a question that you can’t find the answer to! https://docs.google.com/document/d/1cbbZg_rICDoyzjUVEOCTFGYyRSCy9FsDRVf-fWJlats/edit?usp=sharing

Lesson Plan Evaluation: Please fill this form out once you have used this lesson plan!  It will help me improve the lesson for the future
https://forms.gle/FobtdfA5YgUL97eA8

STEM researcher biography:

Regina grew up in New Jersey and decided she wanted to be a marine biologist when she was 5 years old because of her love of the ocean and whales.  Throughout school, she enjoyed math, and science classes and also loved playing her bass in orchestra and jazz band.  She went to Rutgers University for college (large state school in NJ) to major in engineering, but switched majors to marine science halfway through college.  Regina learned about the field of bioacoustics during a summer internship at Duke University Marine Lab in North Carolina when she got to record and analyze bottlenose dolphin whistles.  She decided to move across the country to attend Scripps Institution of Oceanography and get a PhD in oceanography.  For her PhD, she documented gray whale migratory calls along the California coast.  Currently Regina works for the Navy and studies whale behavior in important training areas.  

Regina is also a military spouse and cares for a tiny parrot named Kiwi.  She enjoys relaxing by the ocean, exercising outside, and spending time with friends.  She is also a leader in her church.  Some of her favorite memories are from vacations that she has been able to go on with her husband.
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