+Unit Plan
	Teacher’s Name:

	Grade Level: 4th

	Topic/Title: Waves and Information

	Common Misconceptions about Topic:
Waves transport matter. 
 There must be a medium for a wave to travel through. 
 Waves do not have energy. 
 All waves travel the same way. 
 Frequency is connected to loudness for all amplitudes. 
 Big waves travel faster than small waves in the same medium. 
 Pitch is related to intensity.
http://www.usc.edu/org/cosee-west/Dec0410/wave_misconceptions.pdf 

	Estimated time:

	Standards:
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. [Clarification Statement: Examples of models could include diagrams, analogies, and physical models using wire to illustrate wavelength and amplitude of waves.] [Assessment Boundary: Assessment does not include interference effects, electromagnetic waves, non-periodic waves, or quantitative models of amplitude and wavelength.] 
4-PS4-3. Generate and compare multiple solutions that use patterns to transfer information.* [Clarification Statement: Examples of solutions could include drums sending coded information through sound waves, using a grid of 1’s and 0’s representing black and white to send information about a picture, and using Morse code to send text.] 

	Previous Learning
4-PS3-2 Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and electric currents.
4-PS3-3 Ask questions and predict outcomes about the changes in energy that occur when objects collide.
4-PS3-4 Apply scientific ideas to design, test, and refine a device that converts energy from one form to another.
In first grade, students have explored sound and light.  They know that vibrating materials can make sound and sound can make materials vibrate.  They have also designed and built a device that uses sound or light to communicate at a distance.



	Where this is going
In 7th grade, students will use mathematical representations to describe a model of waves and describe how the amplitude is related to energy.  They will model how waves interact with various materials and will compare digitized and analog signals.

	Learning Targets:
Knowledge:
I can describe waves (regular patterns of motion that transmit energy.)
I can describe how water moves when waves are made in it (up and down with no net motion in direction of the wave.)
I can describe how objects move when affected by waves.
I can identify and describe the amplitude of waves.
I can identify and describe the wavelength of waves.
I can identify different types of waves.
I can describe differences in waves of the same type (can differ in amplitude and wavelength.)
I can describe how high tech devices use waves (convert from a digital form to voice and back.)
I can describe how to optimize a design solution (different solutions are tested to find which best solves the problem given criteria and constraints.)
Reasoning:
I can describe similarities and differences in patterns to classify waves.
I can compare multiple solutions that use patterns to transfer information on how well they meet criteria and constraints.
I can determine the criteria and constraints of a solution to use patterns to transfer information.
I can sort and classify design solutions using similarities and differences.
I can relate scientific knowledge and understanding about waves to design solutions.
Product:
I can develop a model of waves (using an analogy, example, or abstract representation) to describe patterns of amplitude and wavelength.
I can develop a model of waves (using an analogy, example, or abstract representation) to describe how waves cause objects to move.
I can generate multiple solutions to use patterns to transfer information.





	
	Lesson 1
Introduction and Exploration of Water Waves
	One class period

	Learning Target(s):
I can describe waves (regular patterns of motion that transmit energy.)
I can describe how water moves when waves are made in it (up and down with no net motion in direction of the wave.)
I can describe how objects move when affected by waves.

	Activities
	Resources

	1. Give students “Do the Waves Move the Boat?” probe and collect prior to this lesson.  If students already have a clear understanding that objects are not carried by waves, you may shorten this lesson.
2. Have students close their eyes and think about any time they have been around, in, or seen waves in water.  Have them think about how they looked, felt, and sounded.  What happened to objects in the water when there were waves?  What happened to objects on the shore?  Have students pair share and then call on a few students to share out loud.  
	Do the Waves Move the Boat? (pp. 75-78 Uncovering Student Ideas in Primary Science)


	3. Share learning targets with students and give them the concept map.  You may have the targets on the map, or have them copy or write target in their own words.  You may want to review what it means to describe.
	[image: ]Waves Concept Map per student 

	4.  Either let each small group set up a shallow pan of water or make this available as a station students will visit during the day.  Prepare a task card such as the one in the resources.  You may want to go over procedures so that the activity doesn’t become too messy and procedures for clean-up in case there are spills.  Another option is to provide a wave tank and allow students to explore the same questions using that.  There are directions for creating one in an article in the Oct. 2013 issue of Science Scope from NSTA.  A link can be found in the resources.
	[image: ]
http://static.nsta.org/files/ss1302_49.pdf


	5. Have students bring their notebooks for a class discussion about what they observed.  Ask students for evidence of their comments and ask other students to agree or disagree with evidence.  Encourage students to write notes in their notebooks as evidence to support or dispute their own thinking is introduced.  Elicit additional questions for investigation.  Leave at least one set up so students can explore additional questions that they have.  Refer back to the learning targets and ask students to use the notes they have taken to write their description for each target.  Collect these in order to assess understanding thus far.
	

	Questions:  
What patterns did you notice as you explored waves?  What is your evidence of this?
What did you notice about the movement of the water?  
What are some things that surprised you as you explored waves in water?
What are some things that you are still questioning about your experiences with today’s explorations and other experiences you have had or observations you have made with waves in water?

	Formative Assessment:
Pre-assessment:  Do the Waves Move the Boat? probe 
Students will fill in concept map about waves with first three targets and write their descriptions.  You are looking for students to describe that a wave is a regular pattern of motion (happens over and over) and that it moves out in all directions from the source of the energy; that the medium (in this case, water) does not travel with the wave, but oscillates (moves up and down) in place; and that objects are not moved forward by the wave.  Their answers should be supported by their own observations, and by examples from their discussions with others.

	Homework:
Explore waves in the sink or bathtub (with parent permission!!)  Be ready to share observations.

	Response to FA:
In the pan of water, it may be hard to see how the wave is moving, especially for visually impaired students.  A video at  https://www.youtube.com/watch?v=Yi3LW5riHfc is in slow motion and very clear.  
If it is hard for students to see that an object moves up and down rather than being carried forward by the wave, there is a good video of a sea otter floating in the waves that shows this well.   https://www.youtube.com/watch?v=mqNcoLqXQn
Discuss what would happen if the water itself moved forward with the wave.  Where would the water go? What would be left behind?
Students will explore all of these ideas further throughout the following lessons and their answers should change as they go on.  For right now, the teacher just needs to make sure students are able to make the observations.

	
	Lesson 2
Explaining  Water Waves 
	Two class periods

	Learning Target(s):
I can describe waves (regular patterns of motion that transmit energy.)
I can describe how water moves when waves are made in it (up and down with no net motion in direction of the wave.)
I can describe how objects move when affected by waves.

	Activities
	Resources

	1. Give students a sheet of paper and have them fold in half (hamburger fold).  On one half, have them draw and describe something they noticed about waves as they explored in the tub or sink for homework.  If they forgot, they can use something from the classroom observations.  Have them put their drawings away until later.
2. Give students some time to think about what they know about energy transfer.  Have them pair share and call on a few students to share out loud.  
	Copy paper per student

	3.  Select two students to hold the ends of a rope.  They should stand far enough apart so the rope is almost touching the ground between them.  Instruct one child to make a quick up-and-down jerk from one end of the rope.  Ask students to discuss how the snap of the rope traveled (pair share, then random call).  Have students trace the energy transfer from the rope snapper to the other person.  
4. Mark one spot on the rope with masking tape and have students watch how the marked spot moves when the rope is snapped.  Ask them to discuss how the rope moved as the energy traveled through.  (They should note that the marked spot moved up and down as the wave traveled through the rope.  The rope is displaced up and down by the wave, but the rope itself does not move forward.)
5. Ask students to think about how the rope wave is similar to and different from the water waves.  Give them a chance to discuss this in groups of three.  Then ask them to use giant wipe off charts to record their thinking.  Ask each group to share one thought.  Other groups check things already shared on their board so they don’t repeat.  As students are talking about the “stuff” the energy is moving through, introduce the term medium as any substance which waves travel through.  (Some differences might be the source of energy, the medium, and the size of the waves.  Some similarities might be the shape of the waves, the medium doesn’t travel with the wave, the medium moves up and down, and energy is being transferred.)
	Jump rope
Masking tape
Giant Wipe off board/group
Wipe off marker/group

	6. Explain that mediums such as water are made up of tiny water molecules.  When energy is introduced to some of these molecules, they vibrate more and bump into other water molecules.  Demonstrate this with kids by having them stand side to side close together and push one slightly so that he/she bumps into the next.  Discuss where the energy came from and how it moved through the medium (people).  There is a good interactive video of this at  http://sunshine.chpc.utah.edu/Labs/WaveBasics/waves.htm 
7. Give each group of students a set of marbles and a ruler with a groove in the center or set these materials up as a station students will explore.  Use the task card to give directions and prompt questions.
	[image: ]
Ruler with grove in center (per group or one or two in station)
Set of 6 or 7 marbles (per group or for station set up)

	8. Have students bring their notebooks for a class discussion about what they observed.  Ask students for evidence of their comments and ask other students to agree or disagree with evidence.  Encourage students to write notes in their notebooks as evidence to support or dispute their own thinking is introduced.  Elicit additional questions for investigation.  Leave at least one set up so students can explore additional questions that they have.  
	

	9. Give students reading about waves.  You may scaffold this reading in various ways to meet the needs of the students in your classroom.
	[image: ]   [image: C:\Users\kslone\Pictures\2014-02-14 Wave Reading 2\Wave Reading 2 001.jpg]

	10. Ask students to take out their folded paper with their homework observation.  On the blank side, have them explain their observation using what they know about waves from their explorations, observations, discussions, and notes.
11. Refer back to the learning targets and ask students to use the notes they have taken during tasks and discussion and what they have read to revise their description for each target.  Remind them that when scientists revise they do not erase, they just strike through once so the old information can still be read.  Collect these in order to assess understanding thus far.  

	

	Questions:
How are the different waves we have explored alike and different?  What is your evidence?
How do the different activities help you to understand waves?

	Formative Assessment:
Homework explanation:  Look for links between their home observations and what they observed at school.  Look for scientific vocabulary and understanding of the learning targets.  Look for use of evidence from observations, discussions, readings, and notes.  Students should be able to explain observations such as how the waves are moving, that objects bob up and down but do not move forward with the wave, and that waves are evidence of energy transfer through the water.  They may be able to explain how energy is transferred by contact between the water molecules.
Concept Map:  Have students ideas progressed?  Are there still misunderstandings and misconceptions?

	Homework: 
None for this lesson

	FA Response:
If students lack detail in their explanations/descriptions, ask them to use their notebooks to add more detail.  If they still have misconceptions about how the water moves in a wave 

	
	Lesson  3
	

	Learning Target(s):
I can describe waves (regular patterns of motion that transmit energy.)
I can describe how water moves when waves are made in it (up and down with no net motion in direction of the wave.)
I can identify different types of waves.

	Activities
	Resources

	1. Have students capture wave pictures using the technique outlined in the resource “Catching a Wave” linked at right.  Students don’t have to do the entire activity, just the part where they capture the image of the water wave on construction paper.  You may do this in small groups or set it up as a station they will each visit to make a wave image.
	http://static.nsta.org/files/ss1302_49.pdf


	2. Using the images they created, hold a discussion with students about how they could describe and compare their waves.  As these conversations go on, you will find opportunities to introduce vocabulary to make the conversation easier.  For example, as they talk about where the high parts and low parts of the wave are, you can introduce the term crest for the high point of the wave, and trough for the low point.  They could even label these on their images.
	

	3. [bookmark: _GoBack]
	

	4. 
	

	5. 
	

	6. 
	

	7. 
	

	Questions:

	Formative Assessment:

	Homework:

	FA Response:

	
	Lesson  4
	

	Learning Target(s):
I can identify and describe the amplitude of waves.
I can identify and describe the wavelength of waves.

	Activities
	Resources

	1.  Engage students in a discussion about what they learned about sound in first grade.  It might be good to begin the discussion with some station activities involving some different ways of making sound.  Talk about what is needed in order to have sound (vibration).
	Optional:  materials for making sounds

	2. Ask students to think about how they could show sound in their notebooks.  Ask them how they could show another scientist if a sound was loud or soft, high or low, or long or short.  Have them attempt to do this in their notebooks and share their thinking with a partner.  Ask several students to share their thinking using a doc cam or white board.
	Doc cam or white board

	3. Have students use iPads or smartphones with a Soundwave app. to record different sounds and observe the patterns they see.  Challenge them to explore how they can change the patterns.  After some time in exploration, have each group draw a picture of their sound on a post it note and exchange it with another group.  The other group must determine if the sound is loud or soft, high pitched or low pitched.  Groups discuss their claims and evidence then reveal their sounds to one another.  
4. Have students draw their sound in their science notebooks and write a description of their sound.
	iPads or smartphones with Soundwave app per group (or set up a station for this)
post it notes

	5. In a group discussion, have some students share the pictures they made of their sounds.  Discuss how they could predict what the sounds were like using the pictures.  Ask if the pictures remind them of anything else they have learned about.  Hopefully they will recognize the shape of a wave!  Ask them how the sound wave is like a water wave.  Ask them to compare the medium each wave moves through and what the energy is moving (causing to vibrate).  
	

	6. 
	

	7. 
	

	Questions:

	Formative Assessment:

	Homework:

	
	Lesson 5
	

	Learning Target(s):

	Activities
	Resources

	Questions:

	Formative Assessment:

	Homework:

	
	Lesson  6
	

	Learning Target(s):

	Activities
	Resources

	Questions:

	Formative Assessment:

	Homework:

	
	Lesson  7
	

	Learning Target(s):

	Activities
	Resources

	Questions:

	Formative Assessment:

	Homework:

	
	Lesson  8
	

	Learning Target(s):

	Activities
	Resources

	Questions:

	Formative Assessment:

	Homework:

	
	Lesson  9
	

	Learning Target(s):

	Activities
	Resources

	Questions:

	Formative Assessment:

	Homework:

	
	Lesson 10
	

	Learning Target(s):

	Activities
	Resources

	Questions:

	Formative Assessment:

	Homework:

	
	Lesson  11
	

	Learning Target(s):

	Activities
	Resources

	Questions:

	Formative Assessment:

	Homework:

	
	Lesson  12
	

	Learning Target(s):

	Activities
	Resources

	Questions:

	Formative Assessment:

	Homework:
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Task Card for Water Wave Explorations

1. Take turns tappingthe surface of the water
witha pencil.

« What do younotice about the direction of the
waves?

2. Allowthe waterinthe pan to become still,
Placethelittle piece of straw inthe center of
the water. Hit the surface of the water witha
pencil to cause shallow waves.

« What do you observe happeningta the straw as
youcreate waves?

Discuss the questionsand respond in your journal
drawings and w
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Task Card for Marble Explorations

LLinethe marbles upinthe groove of the ruler.

2. Take tumsflickinga marble towardthe others.
Observe and discuss what happens

3. Try flickingdifferert numbers of marbles and
observe and discuss what happens,

* How isthe movement of the marblesikethe
movement of waterina wave? Howisit
differert?

* How does energy movethrough water?

Discuss the questionsand respond in your journal
with drawings and writing.
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