[bookmark: _GoBack]Lesson Plan #1: What are Work, Gravity, and Friction?
Driving Question for the Unit: How can we make our work easier?

A) LEARNING OBJECTIVES
· By completing today’s activities students will know how to create and use an inclined plane made with classroom materials. They will also be able to use their inclined planes to solve a problem that involves using less work than without the inclined plane. 

B) STANDARDS 
· National Standards:
· Science as Inquiry Standards: Abilities necessary to do scientific inquiry; Understanding about scientific inquiry.
· Physical Science Standard: Position and motion of objects.
· Indiana State Standards:
· Nature of Science Standards:
· Use a scientific notebook to record predictions, questions and observations about data with pictures, numbers or in words. 
· Conduct investigations that may happen over time as a class, in small groups, or independently. 
· Make predictions based on observations. 
· Discuss observations with peers and be able to support your conclusion with evidence.
· The Design Process Standards:
· Identify a need or problem to be solved. 
· Document the design throughout the entire design process. 
· Brainstorm potential solutions. 
· Select a solution to the need or problem. 
· Select the materials to develop a solution. 
· Create the solution. 
· Evaluate and test how well the solution meets the goal. 
· Communicate the solution with drawings or prototypes. 
· Communicate how to improve the solution. 
· Content Standards:
· Physical Science 2.1.6 Observe, demonstrate, sketch and compare how applied force (i.e., push or pull) changes the motion of objects. 
· Physical Science 2.1.7 Investigate the motion of objects when they are acted upon at a distance by forces like gravity and magnetism.

C) MATERIALS
· 6 dry erase boards
· 6 sheets each of sandpaper, construction paper, and foil
· 18 books
· 6 stopwatches
· 6 boxes of crayons
· 6 boxes of markers
· 30-40 pencils
· Bucket with lid (about 1 gallon)
· Wooden blocks
· Same sized blocks with wheels
· 24 popsicle sticks
· 12 “skier” people made of card stock
· Tape
· 12 Plastic (disposable) cups
· 12 Plastic jars
· Yarn
· Hole punch (or pen to poke holes in plastic cups)
· Before doing the lesson, use the popsicle sticks and tape to make a set of skis for each of the skier people. Tape the skier people of the skis so they actually look like skiers instead of just people.


D) TEACHER CONTENT KNOWLEDGE

· The teacher needs to know about work-that it is the force multiplied by the distance an object moves, some examples of work (just because you sweat doesn’t make it work-you need to actually move the object to count it as work), etc.
· Teachers should know that gravity (the downward force caused by the large size of the earth) and friction (the resistance that happens when two surfaces come up against each other) make work more difficult, and that simple machines like wheels/axles and inclined planes counteract the forces of gravity and friction to make work easier.
· The teacher needs to know that inclined planes help counteract the force of gravity by distributing the work horizontally to get something from one elevation to another.
· The teacher should know that inclined planes are made simply by creating a plane diagonally from the elevation at which the object is to the elevation at which the object is to be moved.
· The teacher needs to know that wheels and axles make work easier by distributing the force necessary to get it to move around the circumference of the wheel.

E) REFERENCES & HANDOUTS  

· Yasuda, A. (2011). Explore: simple machines! White River Junction, VT: Nomad Press.
· Davis, C., Moore, J. (1998) Simple Machines. Monterey, CA: Evan-Moor Educational Publishers.
· Handouts attached at end of document.


F) LESSON DESRCIPTION

	ENGAGE 
· Students will be told some simple rules about relays before we go down to the SoE lobby.  The teacher would say, “Today, we are going to go downstairs to do a relay. (Have kids line up and go downstairs.) Can you raise your hand if you’ve ever done a relay before? (students who have will raise hands) If you have not done a relay before, this is how we will do our relay today. Mr. Duncan and Miss Potter will make teams of 4. Once you are in your team of four, two of you will stand at the end of the lobby by the doors with the silver stripe on them and two of you will stand at the end of the lobby with the front doors across from your teammates. I will give the first person on each side either a block. The first person will try to push the block across the lobby to the next person on their team and sit down once they have pushed the block across the lobby. Each person on the team will have a chance to push the block across the lobby, and the first team with all of their people sitting down will help cheer for the other teams until they are finished. There are only 2 rules for this relay: watch out for other people when you are pushing your block down the lobby and have fun!” (Students will do the relay, then will repeat the relay with the block with wheels after the teacher gives them a reminder of the rules to be sure kids are safe.) 
· After everyone is seated from the block relay, one teacher will collect the blocks while the other leads the discussion and asks:  “Which works easier?” (teacher will hold each one up, asking for students to raise their hands when he/she holds up the block). 
· Students: “Block with wheels.”
· Teacher: “Which one was harder to push, or required more work?”
· Students: “Block without wheels.”
· Teacher asks: “What made it work? Was there work? Was there any part of the relay you can connect to?”
· Students: “We pushed a heavy object; yes there was work; using a wagon to move heavy objects or seeing their parents use a wheelbarrow to move dirt.”
· Bucket Activity:
· Teacher asks:  How can I move this (bucket of rocks) across the room?
· Students:  should think of wheels from our previous relay activity.
· Students will try to lift/move a bucket full of rocks in the room.
· Teacher asks: “What makes it so hard to move the bucket of rocks?”
· Students may not know, so teacher will try to guide their thinking to what other forces would be making it harder. Teacher could ask, “What force do you feel when holding the bucket of rocks?” Student will hopefully say “a downward force” or gravity. If they can only come up with a downward force, the teacher would ask the class if anyone knows what the downward force is called.
· Teacher will then ask: “Is there any way we could use this force to make it easier to move the rocks?”
· Students will hopefully think of different situations in real life that make it easier to move a bucket of rocks (wheel barrow, wagon, ramp, etc.). 
· After talking about some of those simple machines, we will say, “a ramp is an inclined plane. It helps make work easier by letting you do the same amount of work that you would do in lifting up the whole bucket over a longer distance.”
· Teacher asks: “Can anyone think of other examples of an inclined plane?”
· Students should come up with ramps, hills, roller coasters, ladders, etc.
· Embedded Assessment: Students will be informally assessed based on their answers to the questions asked after the activities. If needed, teachers could have students complete the following sentences on their papers: Gravity is the __(downward)__ force we feel on Earth. Friction is the __(resistance)___ that happens when two surfaces slide against each other. Once the teacher knows about their definitions of friction and gravity, he/she will be able to know what concepts he/she needs to cover more thoroughly during the explore phase and in the discussion afterwards.

	EXPLORE (Skier Activity)
· Students will be given materials (dry erase board, skier (made of two popsicle sticks taped together with a person made of cardstock as the skier), sandpaper, paper, aluminum foil, books, stopwatch) and asked if there was a way they could get their skier to move without actually pushing it. 
· Students will build their own inclined plane to where they just need to put the skier at the top of the hill to get it to go down the hill.
· Teacher presents them with the question, “What if the inclined plane were covered in a different surface? Would that affect how quickly the skier goes down the hill? There’s a table in your science journals that you could fill out that may help you see which surface is the fastest and which surface is the slowest.” 
· Teachers will go around, guiding the students into doing three different trials for each surface, timing how long it takes with their stopwatches, for the skier to go down the inclined plane. 
· Teacher asks “how did this board counteract gravity?” Explain counteract definition if they do not know what it means. 
· Students will say that it spread out the force of gravity over a longer distance, making it easier to go down the inclined plane.
· Teacher will also ask, “Why is it harder for the skier to go down the inclined plane with different surfaces on it?” 
· Students will say that it made it harder because there was resistance when the surface of the skis touched the surface covering the board.
· Teacher will ask, “Does anyone know what this resistance is called?”
· Student may say, “friction,” but if not, the teacher can introduce the new word.
· Embedded Assessment: Teachers ask students to predict what material will cause the skier to go the fastest, and why it will go the fastest (there would be less friction).

	EXPLAIN (Talking about the Skier Activity)
· Teacher asks: “Why was the skier faster on one material than another?”
· Students think about the previous activity and answer the question.
· Embedded Assessment: Teacher will use answers to the question to get a further explanation of what happened from the students. He/She will also use that information to decide where to guide the students’ focus during the elaboration phase.
· Teacher then introduces the driving question for the duration of Saturday Science: “How can we make our work easier?” During Saturday Science, we will explore simple machines to see how they make our work easier because they counteract gravity and friction.

	ELABORATION (Movin’ On Up Activity)
· Teacher asks: “How can we use the inclined plane in a different way?”
· Students are given the following materials: 2 cups and string apparatus, 20 g weight for plastic jar, gram cubes, 3 books (2 for first part, 3 for second part), dry erase board (inclined plane). Students will then construct the apparatus in a way to move the jar with the 20 g cube in it up the inclined plane rather than down it, like the skier. Students vary the elevation of the inclined plane to see if there is a difference between the work performed for each situation. Students will do three trials with each situation (2 books under the plane the first three times, 3 books under it the second three times). Students will write their results in their journals.
· After this phase, the teacher will ask, “What could make the cup easier to get up the ramp?” Hopefully, students will think back to their earlier activities and say something like wheels.
· After talking about some other things that make work easier, teachers will ask the students, “Are there any questions we could explore after doing these activities about simple machines?”
· Embedded Assessment: Students will explain the roles of gravity and friction in this situation. “What did you learn today that you did not already know?” will be a journal entry for the students to fill out and talk about if time allows.






















































G) GEARING UP/GEARING DOWN 

· Gearing up – If some students grasp the skier activity more quickly than others, we will have them come up with other ways to make the skier go down the inclined plane. For instance, can the skier go backwards? Can you make the skier stop once he gets going? If some students grasp the “Movin’ On Up” activity, we will have them make predictions about how many gram cubs it will take to move the jar, and maybe add some more weight to the jar and have them try to predict how many more cubes they will need for that as well.
· Gearing down – For the skier activity, we will have the students compare and contrast only two materials, the bare board and the sandpaper. They will try to figure out which material makes the skier the fastest and which one makes it the slowest instead of recording the times for each of the materials.


H) ADDITIONAL HANDOUTS


Skier Activity
	
	Time:

	Material on Inclined Plane:
	Trial 1:
	Trial 2:
	Trial 3:

	None
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	Sand Paper


	
	
	

	Aluminum Foil


	
	
	














Movin’ On Up Activity
	
	Time:

	Number of Books Under Inclined Plane:
	
Trial 1:
	
Trial 2:
	
Trial 3:

	2
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