Name:_____________________________________________________________________________________5th Grade Science: Unit 3 Force, Motion and Energy Transformations

Comprehensive Curriculum

Assessment Documentation and Concept Correlation

Unit 3:  Force, Motion, and Energy Transformations
Time Frame:  6 Weeks 

	Big Picture: (Taken from Unit Description and Student Understanding) 

· The Sun is Earth’s primary source of energy. 

· Energy is needed to make things happen (force and motion).

· Force, motion are related to the energy exerted on them.  Energy is transformed as it interacts with objects.


	Guiding Questions
	Activities

Essential Activities are denoted with an asterisk
	GLEs
	Documented GLEs

DOCUMENTATION

 GLE Bloom’s Level
Assessd GLEs
Date and Method of Assessment
Compare, calculate, and graph the average speeds of objects in motion using both metric system and U.S. system units (PS-M-B1) (Comprehension)

PS 7

Explain that gravity accelerates all falling objects at the same rate in the absence of air resistance (PS-M-B3) (Comprehension)

PS 8

Demonstrate a change in speed or direction of an object’s motion with the use of unbalanced forces (PS-M-B5) (Application)

PS 9

Compare potential and kinetic energy and give examples of each (PS-M-C1) (Application)
PS 10

Classify energy resources as renewable, non-renewable, or inexhaustible (PS-M-C1) (Comprehension)
PS 11

 Identify the Sun as Earth’s primary energy source and give examples (e.g.,  photosynthesis, water cycle) to support that conclusion (PS-M-C3) (Analysis)
PS 12
Investigate how changes in the position of a light source and an object alter the size  and shape of the shadow (PS-M-C4) (Synthesis)
PS 13

Identify other types of energy produced through the use of electricity (e.g., heat, light, mechanical) (PS-M-C6) (Comprehension)
PS 14
Identify the physical characteristics of the Sun (ESS-M-C1) (Comprehension)
ESS 39
Explain why the Moon, Sun, and other stars appear to move from east to west across the sky (ESS-M-C1) (Comprehension)

ESS 41

Use computers and/or calculators to analyze and interpret quantitative data (SI-M-A3) (Comprehension)
SI 9
Identify patterns in data to explain natural events (SI-M-A4) (Analysis)
SI 13
Develop models to illustrate or explain conclusions reached through investigation 

(SI-M-A5) (Comprehension)
SI 14
Use evidence to make inferences and predict trends (SI-M-A5) (Analysis)
SI 16
Identify faulty reasoning and statements that misinterpret or are not supported by the evidence (SI-M-A6) (Analysis)
SI 18
Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Comprehension)
SI 19
Write clear, step-by-step instructions that others can follow to carry out procedures or conduct investigations (SI-M-A7) (Comprehension)
SI 20
Use evidence and observations to explain and communicate the results of investigations (SI-M-A7) (Comprehension)
SI 22
Recognize that there is an acceptable range of variation in collected data (SI-M-B3) (Comprehension)
SI 31
Explain the use of statistical methods to confirm the significance of data (e.g., mean, median, mode, range) (SI-M-B3) (Comprehension)
SI 32
Explain why an experiment must be verified through multiple investigations and yield consistent results before the findings are accepted (SI-M-B5) (Comprehension)
SI 36
Reflections:


	Concept 1:   Forces

17. Can students describe how to demonstrate a change in speed or direction of an object’s motion by using an unbalanced force?
18.  Can students identify the forces affecting a falling object?
	*Activity 15:  Balanced and Unbalanced Forces  

GQ 17     

	PS  9

SI  16, 18, 19, 22 
	

	
	*Activity 16:  Paper Race 

GQ 18    
       
	PS  8

SI  7, 22, 38
	

	Concept 2:   Motion

17. Can students describe how to demonstrate a change in speed or direction of an object’s motion by using an unbalanced force?
18. Can students identify the forces affecting a falling object?


	*Activity 17:  You Were Going HOW Fast?
GQ 17           
	PS  7

SI  9, 31, 32
	

	
	*Activity 18:  Speed It Up or Slow It Down 
GQ 17          

	PS  7

SI  1, 4, 5,  9, 11, 36
	

	
	*Activity 19: Parachute Drop

GQ 18                  


	PS 7, 8, 9
SI 2,  5,  14, 20, 33, 36
	

	Concept 3:   Energy Transformations
19.  Can students explain how energy is transferred?
20. Can students describe how potential and kinetic energy are alike and different?
21. Can students identify the types of energy that are produced using electricity?

	*Activity 20:  Kinetic/Potential 

GQ 20     
   
	PS  10
SI 7, 19, 22
	

	
	*Activity 21:  Transformations in Energy  
GQ 19, 21            


	PS  14
SI  19, 22, 23


	

	Concept 4:   Energy Sources
22.  Can students describe how various energy resources differ and give examples?
23. Can students explain why the Sun is the Earth’s primary source of energy?
24. Can students trace the flow of energy from the Sun through other energy resources to objects that use it?
25. Can students describe how the position of a light source affects a shadow?
	*Activity 22:  Sun: The Best Source of Energy 

GQ 23, 24           

	 PS  12
ESS 39

SI 19

	

	
	*Activity 23:  Classify Energy Resource that Live Up to Their “Potential”
GQ 22              

	PS 11
SI  16, 19
	

	
	*Activity 24:  Shadow Clock
GQ 25                              
	PS 13
ESS 41
SI  13, 14, 16, 20, 21, 22

	


Unit 3 Concept 1:  Forces

GLEs

*Bolded GLEs are assessed in this unit

PS 8
Explain that gravity accelerates all falling objects at the same rate in the absence of air resistance (PS-M-B3) (Comprehension)

PS 9
Demonstrate a change in speed or direction of an object’s motion with the use of unbalanced forces (PS-M-B5) (Application)

SI 7 
Record observations using methods that complement investigations (e.g., journals, tables, charts) (SI-M-A3) (Knowledge)
SI 18
Identify faulty reasoning and statements that misinterpret or are not supported by the evidence (SI-M-A6) (Analysis)
SI 19
Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Comprehension)
SI 22
Use evidence and observations to explain and communicate the results of investigations (SI-M-A7) (Comprehension)
SI 38
Explain that, through the use of scientific processes and knowledge, people can solve problems, make decisions, and form new ideas (SI-M-B6) (Comprehension)

	Purpose/Guiding Questions:

· Describe how to demonstrate a change in speed or direction of an object’s motion by using an unbalanced force.

· Identify the forces affecting a falling object.
	Vocabulary:

· Force

· Friction

· Gravity

· Balanced

· Unbalanced

· Motion

· Air resistance



	Key Concepts:

· Identify that gravity accelerates all falling objects at the same rate in the absence of air resistance.
Activity Specific Assessment:

· Activity 15

	Resources:

· Newton’s First Law Activities. Available online at http://swift.sonoma.edu/education/new   ton/newton_1/html/newton1.html
· De Pinna, Simon. Forces and Motion.
· The Usborne Big Book of Experiments by Alastair Smith (Ed.), Howard Allman (Illustrator). EDC Publications.

· Tolman, Marvin N. Hands-On Physical Science Activities for grades K-8. Parker Publishing.

· Frank Potter’s Science Gems. Available online at http://www.sciencegems.com/
· Amusement Park Physics. Annenberg/CPB. Available online at http://www.learner.org/exhibits/parkphysics 
· Intermediate Infobook Activities 2002-2003. Available online at http://www.need.org.
· Physics 2000. University of Colorado at Boulder. Available online at http://www.colorado.edu/physics/2000/index.pl
· Anderson, Margaret J. Isaac Newton: The Greatest Scientist of All Time
· Best of Wonder Science. American Institute of Physics, American Mathematical Society, American Chemical Society. Delmar Publishing.
· Kenda, Margaret, & Williams, Phyllis. Barron’s Science Wizardry for Kids.

· Textbook Unit F Lessons 1 and 2

· Newton’s Three Laws of Motion. Available online at www.edhelper.com


Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 15:  Balanced and Unbalanced Forces (SI GLEs: 16, 18, 19, 22; PS GLE: 9)
Materials List: Force, Motion, and Energy Vocabulary Chart BLM (Activity 1), book, table, large soft kickball, large rope for tug of war, bandana, two playground cones or markers, materials for designing another activity to show unbalanced forces, science learning log.

Safety Note: Remind students of appropriate behavior when playing Tug of War and kicking balls around other students. 

Review with students the definition of a balanced force. Have students add vocabulary from Activity 2 to their Force, Motion, and Energy Vocabulary Chart BLM from Activity 1 prior to beginning this activity. 

To help students understand the concept, point to a book sitting on a table. Ask students to identify the two forces at work (the table pushes up on the book and the book pushes down on the table). Ask students if these forces are balanced or unbalanced. (Since there is no movement, the forces must be balanced.) Ask students what needs to be done to make the forces unbalanced (slant the table). Which force is becoming stronger as the table is slanted? (The force of gravity is able to exert a force over a greater vertical distance and it overcomes the force that is pushing up on the book and the force of friction that is acting against the book’s movement down the table).  Direct students to read about balanced and unbalanced forces in their textbook and carefully examine the examples that are offered. Instruct students to work in small groups to discuss examples of activities that demonstrate balanced forces at work (e.g., a boat or other object floating on water, a person standing on a flat surface, water droplets suspended in the air in the form of clouds, etc.). Have each group draw an illustration of the activity in their science learning logs (view literacy strategy descriptions) and identify the opposing forces. Each entry in the science learning log should be dated. Science learning logs are journals that are used to record observations and illustrations, predictions, data collection, conclusions, etc. about what is being learned. Students should also explain to their classmates why this example is correct. Allow other students to critique classmates’ explanations and refute faulty reasoning.

Next, demonstrate unbalanced forces for the students. Unbalanced forces occur when one force is greater than its opposite force. Review safety procedures to follow when kicking, spinning, pushing, pulling, and dropping objects. If students created a related safety poster in Unit 1, have those students explain the safety issues involved. If none was created, spend a few minutes discussing safety rules before continuing with the activity and add the rules to the safety chart in Unit 1. To demonstrate unbalanced forces, have a student gently kick a large, soft ball toward you; then kick the ball another direction, and with more force, so it will have greater acceleration. Ask What was the greater force? (the kick that made the ball move the farthest) How can you tell? (The ball changed direction so the force that kicked the ball must have been greater than the kick that started the ball moving and the force of friction that was opposing the movement of the ball. The force of gravity that was holding the ball to the Earth was equal to the force of the Earth pushing up on the ball, so these two forces were equal and had no effect on the ball’s movement.) Explain to students that the force applied to an object to move it can be shown with arrows. The length of the arrows and the direction in which they are drawn indicate the magnitude of the force (see example below). The example shows that the magnitude of the force to the right is stronger than the magnitude of the force to the left. Therefore, the forces are unbalanced and the ball will move to the right.

                                                     →            ←
Have the students form two Tug of War teams with an equal number of students on each side. Remind students of the earlier discussion about safety when playing the game. Position the bandana in the middle of the rope and place one cone on each side of the rope directly in front of the two opposing lead players.  Have both teams lift the rope and hold it taut. Ask students if this is a balanced or unbalanced force (balanced, because the bandana is not moving its position). Ask students to identify which forces are acting on the rope (gravity pulls down, students pull up, each 
team is also pulling the rope toward them with enough force to make the rope taut).The goal of the game is to pull the rope so that the bandana crosses over the cone. Have the two teams play a game of Tug of War and have the other students carefully note which forces are acting on the students and the rope (the students are pulling up on the rope, gravity is pulling the rope downward, both teams are pulling the rope toward their teams, and friction is acting in opposition to each team’s forward movement). After one side wins, ask students to determine if the forces remained balanced throughout the game and explain how they were able to determine their answer (the bandana moved over to one team’s side which showed that their pulling force and the force of friction opposing their forward movement was stronger than the opposing team’s, since there was movement, the forces had to be unbalanced). Have students draw arrows to indicate the magnitude of each force acting on the rope, making sure to draw larger arrows for the stronger forces. Students should be sure to indicate the force of friction of the students’ feet acting against the forward movement of the rope, as well as the upward force of students pulling up on the rope and the downward pull of gravity. Friction and pulling are the two major forces at work in the game of tug-of-war and should be given primary emphasis in the drawing. Student should also be sure to always to show forces acting in pairs against each other. Ask students to devise a way to make all forces balanced and try out their plan. Compare the two games. Have the students reflect in their science learning logs (view literacy strategy descriptions), describing the difference between balanced and unbalanced forces and how they would use what they learned to choose teams for a field day game of Tug of War. 
Working in groups, have students design another example of an unbalanced force (e.g., use a rubber stopper tied to a string, a moving marble, and a dropped ball). They will then share their examples with classmates and describe what is happening. Using class demonstrations or classmate examples, students will draw pictures in their science learning logs, using arrows to illustrate opposing forces and explain why the forces are unbalanced. The teacher should lead a class discussion to include the following questions:  

· What observation indicates that forces are balanced?  (lack of movement)

· How is a balanced force different from an unbalanced force? (balanced forces cause no movement and unbalanced forces cause movement to occur)

· What is one activity that people do everyday that uses an unbalanced force? (walking, moving around, getting up, and sitting down)

· What athletic events use unbalanced forces? (football, soccer, baseball, basketball, swimming, croquet, volleyball, golf, etc.)

· Ask students to try and name one athletic event that does not use unbalanced forces. (none known)


[image: image1]
*Activity 16:  Paper Race (SI GLEs: 7, 22, 38; PS GLE: 8)

Materials List: two identical sheets of paper, two resealable plastic sandwich bags, feathers, sand, book, Internet access, unbreakable objects to use for gravity experiments, science learning log

In this activity, students will observe the effect of air resistance on a moving object. Air resistance is the force of friction that acts against objects that are moving through air. Greater surface area allows for greater air resistance. 

To determine a baseline assessment, have students participate in a paper race. The paper will be dropped from the same height to see how gravity and air resistance affect it. Use a flat sheet of paper and a crumpled ball of an identical piece of paper. Predict which will land first. Direct students to record predictions in science learning logs (view literacy strategy descriptions). Students should then drop both pieces of paper at the same time, from the same height. Have students repeat the procedure a minimum of three times to confirm that the results are reliable. They should observe that the crumpled ball lands first. Ask 

· Why did this happen? (there was less surface area coming into contact with the air, so the force of gravity was greater than the force created by the air resistance and pulled the paper down to the ground more quickly)

· What forces are at work here? (gravity and air resistance) 

· What variable allowed the crumpled ball of paper to fall faster than the flat sheet? (size of surface area that interacted with the air resistance) 

Have students repeat the activity using two flat sheets (students should notice that the air resistance acts equally on the two sheets of paper and they fall at the same rate), then drop the flat sheet and the crumpled sheet sitting on the top of similar books. Predict results, drop, and see if their reasoning demonstrates that both landed at the same time, because air resistance had no effect on the textbooks due to their mass.  Have the students experiment with other objects such as a rock and crumpled paper, or a resealable plastic sandwich bag filled with feathers and one filled with sand to see if they land together. If not, the students should explain why or why not. Each time, have students determine if the forces at work are balanced or unbalanced. Have students record the results of their experimentation in science learning logs. Ask students if their results would change if the same activity were done on the surface of the Moon where there is no air resistance. (Students need to understand that the two objects would fall at the same speed and land at the same time, in the absence of air resistance.) If possible, show students a video clip of the experiment that was done by astronauts on the moon’s surface to demonstrate this concept. The following website can be used to access the video clip: http://www.teachersdomain.org/resources/phy03/sci/phys/mfw/galmoon/index.html. 

Give students an opportunity to test several different types of objects to prove that they do fall at the same rate. Students should pay attention to the possible effects of air resistance in their investigations. 

Unit 3 Concept 2:  Motion

GLEs

*Bolded GLEs are assessed in this unit

PS 7
Compare, calculate, and graph the average speeds of objects in motion using both metric system and U.S. system units (PS-M-B1) (Comprehension)

PS 8
Explain that gravity accelerates all falling objects at the same rate in the absence of air resistance (PS-M-B3) (Comprehension)

PS 9
Demonstrate a change in speed or direction of an object’s motion with the use of unbalanced forces (PS-M-B5) (Application)

SI 1
Generate testable questions about objects, organisms, and events that can be answered through scientific investigation (SI-M-A1) (Application)
SI 2
Identify problems, factors, and questions that must be considered in a scientific investigation (SI-M-A4) (Comprehension)
SI 3
Use a variety of sources to answer questions (SI-M-A1) (Comprehension)
SI 4
Design, predict outcomes, and conduct experiments to answer guiding questions 

(SI-M-A2) (Application)
SI 5
Identify independent variables, dependent variables, and variables that should be 

controlled in designing an experiment (SI-M-A2) (Analysis)
SI 9
Use computers and/or calculators to analyze and interpret quantitative data 

(SI-M-A3) (Comprehension)
SI 11
Construct, use, and interpret appropriate graphical representations to collect, record, and report data (e.g., tables, charts, circle graphs, bar and line graphs, diagrams, scatter plots, symbols) (SI-M-A4) (Application)
SI 14
Develop models to illustrate or explain conclusions reached through investigation 

(SI-M-A5) (Comprehension)

SI 20
Write clear, step-by-step instructions that others can follow to carry out procedures or conduct investigations (SI-M-A7) (Comprehension)
SI 28
Recognize that investigations usually begin with a review of the work of others (SI-M-B2) (Knowledge)
SI 31
Recognize that there is an acceptable range of variation in collected data (SI-M-B3) (Comprehension)

SI 32
Explain the use of statistical methods to confirm the significance of data (e.g., mean, median, mode, range) (SI-M-B3) (Comprehension)

SI 33
Evaluate models, identify problems in design, and make recommendations for improvement (SI-M-B4) (Evaluation)
SI 36
Explain why an experiment must be verified through multiple investigations and yield consistent results before the findings are accepted (SI-M-B5) (Comprehension)

	Purpose/Guiding Questions:

· Describe how to demonstrate a change in speed or direction of an object’s motion by using an unbalanced force.

· Identify the forces affecting a falling object.


	Vocabulary:

· Mean

· Friction

· Acceleration

· Rate of Descent Formula

· Speed Formula

· Dependent Variable

· Controlled Variable

· Independent Variable

	Key Concepts:

· Compare, calculate, and graph the average speeds of objects in motion (metric and U.S. system).
· Identify that gravity accelerates all falling objects at the same rate in the absence of air resistance.

Activity Specific Assessment:

· Activity 17
· Activity 18
	Resources:

· Newton’s First Law Activities. http://swift.sonoma.edu/education/new   ton/newton_1/html/newton1.html
· De Pinna, Simon. Forces and Motion.
· The Usborne Big Book of Experiments by Alastair Smith (Ed.), Howard Allman (Illustrator). EDC Publications.
· Tolman, Marvin N. Hands-On Physical Science Activities for grades K-8. Parker Publishing.

· Frank Potter’s Science Gems. Available online at http://www.sciencegems.com/
· Amusement Park Physics. Annenberg/CPB. http://www.learner.org/exhibits/parkphysics 
· Intermediate Infobook Activities 2002-2003. Available online at http://www.need.org.

· http://www.colorado.edu/physics/2000/index.plAnderson, Margaret J. Isaac Newton: The Greatest Scientist of All Time
· Kenda, Margaret, & Williams, Phyllis. Barron’s Science Wizardry for Kids.

· Textbook Unit F Lessons 1 and 2

· Newton’s Three Laws of Motion. www.edhelper.com
· Textbook Unit F Chapter 2 Lesson 1


Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 17:  You Were Going HOW Fast? (SI GLEs: 9, 31, 32; PS GLE: 7)

Teacher needs to teach a mini-lesson on graphing and finding averages. 

Teacher can combine this activity with activity 18.

Materials List: Force, Motion, and Energy Vocabulary Chart BLM; for each group of four students: meter stick, yardstick, tape, toy car (wind-up), stopwatch, You Were Going HOW Fast? BLM

This activity builds on knowledge of speed gained from previous grades. Speed is a measure of how fast an object is moving. The average speed of a moving object can be determined by dividing the distance it has traveled by the time it takes to travel that distance.

To introduce key vocabulary for this unit, have students create a vocabulary self-awareness chart (view literacy strategy descriptions). For this literacy strategy, words are introduced at the beginning of the unit, and students complete a self-assessment of their knowledge of the words. Provide students with the Force, Motion, and Energy Vocabulary Chart BLM and target vocabulary words for this unit. Have students add words to the chart as the unit progresses. Target vocabulary words should include (but are not limited to) force, friction, motion, acceleration, speed, distance, gravity, air resistance, kinetic, potential, energy, rotation, parallel circuit, series circuit, transformation of energy, renewable, nonrenewable, inexhaustible, fossil fuel, biomass, geothermal, solar, nuclear, and fusion. 

Have students add new vocabulary to their chart at the beginning of each new activity. Students will rate each word according to their understanding, including an example and a definition. Words that are very familiar are given a “+” (plus sign). Students must be able to write a definition and an example for words that are given a “+”. If they think they know, but are unsure, they write a “√” (check mark) on the chart. Students can give themselves a “√” if they can either write a definition or example for the word, but not both. If the word is new to them, they place a “-” (minus sign) next to the word. Over the course of the unit, students add new information to the chart. The goal is to replace all the check marks and minus signs with a “+” sign. Because students constantly revisit their vocabulary charts to revise their entries, they have multiple opportunities to practice and extend their growing understanding of the terms. 

Ask students how they might design an investigation using toy cars to gather information about speed. Their suggestions should focus on timing, determining distance traveled, etc. If possible, use guided questioning to direct students to the following, or similar activity, and provide them with the You Were Going How Fast? BLM. Explain to students that they will use the BLM to record the results of each trial.  Working in cooperative groups of five (e.g., Driver, Starter, Flagger, Timer, Recorder), students will use a meter stick, tape, a wind-up toy car and a stopwatch to determine the average speed of the car as it moves along a flat surface. Students should keep the same role throughout the activity to maintain consistency in measurements. On a signal from the starter, the driver will release the car and when the car’s nose passes by the tip of the meter stick, the starter will signal the timer to start the stopwatch. When the car’s nose passes the end of the meter stick, the flagger signals the timer to stop the stopwatch. The recorder records distance traveled in both metric and U.S. measurement units and elapsed time in seconds on the You Were Going HOW Fast? BLM. The same procedure should be repeated for a minimum of three trials. The students should record the time it takes for the car to travel the length of the measuring stick for each trial and then find the average time taken by the car to travel that distance. Once the average time is determined using a calculator, students should then find the average speed of the car by using the formula for speed (distance divided by time). Combine the final results for each group’s investigation on the same graph for ease in comparison (see example below).





                                

Ask students why it is necessary to conduct multiple trials to obtain reliable data.  Students should compare data collected by each group and determine if everyone’s averages are similar.  If they are not, have students infer the reasons for the variations. Students can revisit the Force, Motion, and Energy Vocabulary Chart BLM to revise their charts. Allow students to share definitions and examples of words covered in this activity.

[image: image2]
*Activity 18:  Speed It Up or Slow It Down (SI GLEs: 1, 4, 5, 9, 11, 36; PS GLE: 7)

Materials List: marble; several floor surfaces such as carpeting, cement, grass, or tile; for each group of four students: ramp, toy car (wind up), ruler, calculator, Force, Motion, and Energy Vocabulary Chart BLM (Activity 1); science learning log; chart paper

Using the safety posters created in Unit 1, have students determine what safety rules should be followed in this activity.
In this activity, students will design and conduct an experiment to determine how speed is affected by friction. Demonstrate the effect friction has on an object by rolling a marble across several different floor surfaces and having students observe how far it travels before stopping. Students should generate a list of questions that they could answer through this activity. Guide students to ask such questions as 

· What force started the forward movement of the marble? (push with the hand)

· What force is acting on the marble to slow it down? (friction)

· How can we change the effect of this force? (change the surface over which the marble rolls)

Guide students to an understanding that friction is acting on the marble. Instruct students to use textbooks and other resources to research Newton’s First Law of Motion (An object at rest will remain at rest and an object in motion will remain in motion, at a constant speed and in a straight line, until an outside force acts on the object.); then, as a class, use the information to design an experiment that tests the effects of different surfaces on the speed of toy cars. Through class discussion, have students identify dependent, independent, and controlled variables. (The independent variable should be the different surfaces over which the car travels. The dependent variable should be the speed, and the controlled variables will be the height of the track and the car that is used.)  Encourage students to use prior research to predict which surface will provide the most friction. Guide students to develop a procedure to follow in investigating different ramp surfaces on the speed of a toy car and use a large sheet of chart paper to record the procedure that all students will follow.  Students should also record the procedure in their science learning logs (view literacy strategy descriptions), including a predetermined metric and U.S. measurement for distance cars should travel (1 meter or 1 yard), and then create a chart in their science learning logs such as the one started below, for both meters and yards), to record individual and average speeds for three trials using different surfaces. 

                              Average Speed on Different Surfaces

	DISTANCE

(m)
	RAMP SURFACE

TYPE
	TIME (s)

for three trials


	AVERAGE 

TIME (s)


	AVERAGE 

   SPEED

     (m/s) 

	
	
	
	
	


Divide students into cooperative groups of four students, instructing each group to follow the class-created directions to perform the experiment. If problems arise due to confusing directions, have students identify what is unclear and rewrite them to make more sense. Discuss with students why it is necessary to obtain data for a minimum of three different trials in order to determine the reliability of the results. Students will use calculators to determine the average time the car traveled over each surface, and then determine the average speeds of the car over each surface.  Instruct them to create a bar graph to use for comparing the effect of surface type on the car’s speed. Average Speed (m/s or yd/s) and Surface Types should be the two labels for the axes. What does the height or length of the bars representing the car’s speeds on different surfaces tell about the motion of each car? (the longer the bar, the faster the speed of the car; the shorter the bar, the slower the speed of the car) 

· Which surface allowed for the greatest speed? (the surface that was the smoothest or  had the least friction) 

· Which surface produced the most friction? (the roughest surface) Which surface produced the least friction? (the smoothest surface) How can you tell? (the car with the least friction had the least amount of force acting against it, so it had a faster speed)

· Explain Newton’s First Law of Motion based on these results. (An object in motion will continue moving in a straight line at a constant speed until a force acts on it. The forces acting on the cars are friction and gravity. All cars had the same force of gravity acting on them; that left the force of friction. The cars with the most friction acting against them slowed down the fastest.)

Using what was learned through research, ask students to design a method to speed up or slow down the rate the car travels over these different surfaces and to then test their method which should include such responses as changing the slope of the track or adding/removing weight from the cars. Ask students to identify some of the limitations encountered by using toy cars to demonstrate the effect of friction on speed. What variables were hard to control? What can be done to make the results more reliable? How many trials should be done before the results can be accepted? Have students infer how the results obtained through this investigation relate to the movement of real cars on different surfaces.

Review the vocabulary associated with this activity and provide students with an opportunity to add new information to their Force, Motion, and Energy Vocabulary Chart BLM.
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*Activity 19:  Parachute Drop (SI GLEs: 2, 5, 14, 20, 33, 36; PS GLEs: 7, 8, 9)

Materials List: small plastic toy figures such as Superman, Batman, Power Rangers, etc.; cotton string; needles; 30 cm x 30 cm square of fabric, scissors; place to drop parachutes; timer; meter stick; calculators; Parachute Drop BLM; Force, Motion, and Energy Vocabulary Chart BLM (from Activity 1); science learning log

Safety Note: Students should review safety procedures for climbing ladders and dropping objects from the top of staircases or any other high places. Use the safety poster that was created in Unit 1, if available, in the discussion. If a poster was not created, the new safety rule should be added to the safety rules chart that is posted in the room.
In this activity, student groups will use what was learned about air resistance from the previous activity to design a parachute that will keep an object aloft the longest. 

Divide students into small groups and have them discuss what was learned about surface area and air resistance (the greater the surface area, the greater the air resistance). Provide all groups with the same materials to create a parachute that will keep a small plastic toy figure aloft. (The toy figures should all be identical.) Their design should reflect what they understand about surface area and air resistance (the greater the surface area, the greater the air resistance that opposes the force of gravity). Once the parachute has been created, have each group measure and record its surface area on the Parachute Drop BLM. Instruct each group to design an experiment to test their parachute. Students should develop and write the procedure in their science learning logs (view literacy strategy descriptions). Determine a safe place from which to drop parachutes. Students should identify all variables that may affect the experiment and control for them. Discuss with students how many trials should be conducted to make a fair test and have them include this in the step-by-step directions they write for their experimental designs. Provide students with the formula to determine rate of descent (Rate=distance/time). Using calculators, students should determine rates of descent, record trial results on the Parachute Drop BLM, and then transfer results to a class-generated chart, such as the one below, for whole group comparisons. 

Average Rate of Descent for

 Parachutes of Different Surface Areas

	Group
	Surface Area of Parachute 

(cm2)
	Average Rate of Descent (m/sec)

	
	
	


Have students identify the forces acting on the parachute. Through class discussion of results, guide students to understand that the more surface area the parachute has, the slower the rate of descent will be. Ask students How would the speed of descent change if the weight of the toy figure changed? What difference, if any, would occur if the weight of the material for the parachute changed? Ask students to identify limitations inherent in this investigation (e.g., limits of height from which parachutes can be dropped, brevity of descent time due to short travel distance, etc.). Then, identify other problems with the model and suggest improvements that could be made. Guide students to explain that through the use of scientific processes and the knowledge that is generated through such activities as this, people have been able to solve problems make decisions, and form new ideas, such as improving the design of parachutes. Have students revisit their vocabulary self-awareness charts to make revisions for the word air resistance and any other words for which they now have a better understanding.  

. 

Unit 3 Concept 3: Energy Transformations

GLEs

*Bolded GLEs are assessed in this unit

PS 10
Compare potential and kinetic energy and give examples of each (PS-M-C1) (Application)

PS 14
Identify other types of energy produced through the use of electricity (e.g., heat, light, mechanical) (PS-M-C6) (Comprehension)

SI 7 
Record observations using methods that complement investigations (e.g., journals, tables, charts) (SI-M-A3) (Knowledge)
SI 19
Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts, spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Synthesis)
SI 22
Use evidence and observations to explain and communicate the results of investigations (SI-M-A7) (Comprehension)
SI 23
Use relevant safety procedures and equipment to conduct scientific investigations  

(SI-M-A8) (Comprehension)
	Purpose/Guiding Questions:

· Explain how energy is transferred.

· Describe how potential and kinetic energy are alike and different.

· Identify the types of energy that are produced using electricity.


	Vocabulary:

· Kinetic Energy

· Potential Energy 

· Heat Energy

· Sound Energy

· Light Energy

· Electricity



	Key Concepts:

· Identify examples of potential and kinetic energy.
· Explain that heat, light, and mechanical energy are produced by electricity.

Activity Specific Assessment:

· Activity 20

	Resources:

· Berger, Melvin. Switch On, Switch Off.

· Doherty, Paul, & Rathjen, Don. The Cool Hot Rod and Other Electrifying Experiments on Energy and Matter.

· Woodruff, John. Energy.


Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 20:  Kinetic/Potential (SI GLEs: 7, 19, 22; PS GLE: 10)
Materials List: yo-yo; marbles; posterboard or foam pipe insulation (available from hardware stores); masking tape; science learning logs; Force, Motion, and Energy Vocabulary Chart BLM (from Activity 1)

To determine students’ understanding of potential and kinetic energy, show students a tightly-wound yo-yo held in a position to be used. Ask students to identify what kind of energy is being demonstrated. (potential mechanical energy) Release the yo-yo and allow it to move up and down a few times. Ask students to identify the energy being demonstrated. (kinetic mechanical energy) Introduce the terms potential energy and kinetic energy. Have students explain the difference in the potential energy of the poised yo-yo, and kinetic energy of the moving yo-yo. Students should identify what gives the poised yo-yo its potential energy (the raised position and the tightly-wound string) and the moving yo-yo its kinetic energy (gravity and upward thrust created when the yo-yo reaches the end of the string).

Working in groups, students will participate in rolling a marble on a self-made roller coaster and answer this question: When does the marble have kinetic energy and when does it have potential energy? Use two pieces of poster board or sections of foam pipe insulation (readily available at hardware stores) split in half, masking tape, marble, and a flat surface. Tape the poster board together and have two students hold either end of it or the foam pipe insulation section, so it will curve like a roller coaster. A third student will place the marble, and the other students will call out either kinetic (rolling) or potential (waiting to roll) energy. Have all the students roll and name. Students can then create roller coasters using the interactive website called Amusement Park Physics by Annenberg available at http://www.learner.org/interactives/parkphysics/coaster.html to learn more about the transformation of potential energy into kinetic energy during the ride. 
In their science learning logs (view literacy strategy descriptions), students will diagram the model roller coaster and label the marble in different areas. They will then select another activity that demonstrates potential and kinetic energy and write an explanation for each in a paragraph. Have students add information about potential and kinetic energy to their Force, Motion, and Energy Vocabulary Chart BLM.


[image: image4]
*Activity 21:  Transformations in Energy (SI GLEs: 19, 22, 23; PS GLE: 14)

Materials List: hairdryer, lamp with light bulb, electric hand mixer 

Safety Note: Using the safety posters safety posters created in Unit 1, students can identify and explain the necessity for electrical safety procedures before plugging in each small appliance. Add the rule to the safety chart if necessary.
To help students understand how electrical energy can be transformed into other forms of energy such as light, mechanical, and heat energy, ask students if they have ever ridden on a bike at a science museum that generated the power to light a bulb, start a fan, etc.

Ask students to identify the type of energy transformation taking place when the person was riding the bike (chemical energy from food in the body was transformed into mechanical energy when pedaling the bike). Ask students to identify the energy transformation that was occurring to change the mechanical energy into light or wind energy (the mechanical energy of the moving pedals turned a turbine to generate electricity which was transformed into light energy (light bulb) or wind energy (fan). 

Now, show them a hairdryer, a lamp, and an electric hand mixer. Ask students what all three objects have in common (all are powered by electricity) and then ask students to explain what each one produces (heat and sound, light, and mechanical movement). 

Briefly discuss the need for safety tags on electrical appliances. (Safety tags warn consumers of possible dangers if used improperly such as the danger of using a hairdryer near a water source [electrocution] or handling a curling iron improperly [burns]). Ask students to observe the hairdryer, mixer, and lamp while they are operating it and discuss how the electrical energy is transformed into heat and sound energy, light energy, and mechanical energy. Have students generate a checklist of other small appliances that are run by electricity and discuss with a partner what types of energy are produced through the use of electricity so that the appliance is able to work. Use the checklist of appliances that was generated in the class discussion to make a graph that shows the frequency of energy forms powered by electricity. 

Unit 3 Concept 4: Energy Sources

GLEs

*Bolded GLEs are assessed in this unit.

PS 11
Classify energy resources as renewable, non-renewable, or inexhaustible (PS-M-C1) (Comprehension)

PS 12
 Identify the Sun as Earth’s primary energy source and give examples (e.g.,  

             photosynthesis, water cycle) to support that conclusion (PS-M-C3) (Analysis)

PS 13
 Investigate how changes in the position of a light source and an object alter the size  

             and shape of the shadow (PS-M-C4) (Synthesis)

ESS 39 Identify the physical characteristics of the Sun (ESS-M-C1) (Comprehension)

ESS 41 Explain why the Moon, Sun, and other stars appear to move from east to west 

             across the sky (ESS-M-C1) (Comprehension)

SI 13
 Identify patterns in data to explain natural events (SI-M-A4) (Analysis)

SI 14
 Develop models to illustrate or explain conclusions reached through investigation 

 (SI-M-A5) (Comprehension)


SI 16
 Use evidence to make inferences and predict trends (SI-M-A5) (Analysis)

SI 19
 Communicate ideas in a variety of ways (e.g., symbols, illustrations, graphs, charts,  

              spreadsheets, concept maps, oral and written reports, equations) (SI-M-A7) (Synthesis)
SI 20
 Write clear, step-by-step instructions that others can follow to carry out procedures  

             or conduct investigations (SI-M-A7) (Comprehension)

SI 21
 Distinguish between observances and inferences (SI-M-A7) (Comprehension)
SI 22
 Use evidence and observations to explain and communicate the results of investigations (SI-M-A7) (Comprehension)

	Purpose/Guiding Questions:

· Describe how various energy resources differ and give examples.

· Explain why the Sun is the Earth’s primary source of energy.

· Trace the flow of energy from the Sun through other energy resources to objects that use it.

· Describe how the position of a light source affects a shadow.


	Vocabulary:

· Renewable

· Non-renewable

· Inexhaustible

· Fossil fuel

· Biomass

· Wind

· Nuclear

· Geothermal

· Solar

· Fusion

	Key Concepts:

· Classify energy resources as renewable, nonrenewable, or inexhaustible.
· Use photosynthesis and the water cycle to identify the Sun as Earth’s primary energy source.

· Identify size and shape of a shadow when the change in position of a light source occurs.


	Resources:

· Doherty, Paul, & Rathjen, Don. The Cool Hot Rod and Other Electrifying Experiments on Energy and Matter.

· Woodruff, John. Energy.

· Solar Anatomy. Available online at

http://vathena.arc.nasa.gov/curric/space/sun/sunanat.html


Instructional Activities

Note:  The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 22:  Sun: The Best Source of Energy (SI GLE: 19; PS GLE: 12; ESS:  39)

Materials List: Internet access, poster board, science learning log

The Sun is the source of all energy on Earth. To develop this understanding for students, ask them to identify the types of energy produced by the Sun. Have students access Solar Anatomy at http://vathena.arc.nasa.gov/curric/space/sun/sunanat.html to research the physical characteristics of the Sun and what reactions occur to produce light and heat energy. Instruct students to create a diagram of the Sun, identifying the reactions that occur to produce energy. Once students understand how the energy on the Sun is created, have them identify the energy pathways that exist between the Sun and different energy resources they learned about in the previous activity. Students should create posters that illustrate at least four steps in a pathway of each energy resource (e.g., Sun→Aquatic plants→Ancient Sea Life→Oil Deposit→Refinery →Gasoline in a School Bus).

Plants, through photosynthesis, are the link between the Sun’s energy and all living things, including humans.

In cooperative groups, students should discuss why this statement is valid and list the points on a chart. Students should also give examples and make flow charts in their science learning logs (view literacy strategy descriptions) to prove their statements (e.g., Sun→Grass→Cattle→Steak Dinner→Person). 

To emphasize man’s dependence on the Sun’s energy, provide students with the following SPAWN prompt (view literacy strategy descriptions) to answer in their science learning logs: 

W= What If?
What if the energy from the Sun was not available for 24 hours? 

How would this affect me immediately? 
SPAWN is an acronym that stands for five categories of writing options (Special Powers, Problem Solving, Alternative Viewpoints, What If? and Next).  Each prompt offers students an opportunity to reflect on learning and use critical thinking. The writing prompted by SPAWN is typically short in length and can be kept in students’ class notebooks or science learning logs (view literacy strategy descriptions). Students should be allowed to write their responses in a reasonable amount of time. In most cases, adequate responses can be written within 10 minutes. Students should record the date for each prompt. 

Encourage students to trace the energy flow backwards to the Sun, identifying all effects of no solar energy, by using one of the posters that was just created when they answer their SPAWN prompt. Allow students to share their SPAWN responses with classmates. 
*Activity 23:  Classify Energy Resources that Live Up to Their “Potential” (SI GLEs: 16, 19; PS GLE: 11)
Materials List: Energy Resources: Which is Best? BLM, Energy Resources: Which is Best? Answer Key BLM, science learning logs, poster board, available resources, Internet access 

Working in cooperative groups, students will choose an energy resource that they will develop into a presentation to the class. They will prepare a poster and an oral presentation about their chosen resource. Resources from which groups can select will include fossil fuels, biomass, hydropower, nuclear fission, and geothermal energy. Students can use textbooks, trade books, encyclopedias, or an online resource such as http://www.darvill.clara.net/altenerg/index.htm or http://www.eia.doe.gov/kids/energyfacts/.  Students should be able to explain how their energy resource stores potential energy and how it is transformed into other types of energy, such as light, heat, mechanical energy, etc.  Students should determine if their energy resource is renewable, nonrenewable, or inexhaustible.  Direct students to write a paragraph in their science learning logs (view literacy strategy descriptions) describing how the loss of their energy resource would affect a personal activity that they do on a regular basis and what energy resource they would have to use instead, if applicable. 

Before sharing posters and information with the rest of the class, provide students with the anticipation guide, Energy Resources: Which is Best? BLM to complete. An anticipation guide (view literacy strategy descriptions) prompts students to become active seekers of important information and ideas. It is provided before students are presented with new material as a method of engaging their attention. Its purpose is to help instill a situational interest in material in advance of its presentation to students. Ask students to respond to each statement on the Energy Resources: Which is Best? BLM by placing a check under the word “agree” or “disagree.” After individual students initially respond to the statements, have them find a partner and share their responses. This step further builds and activates relevant prior knowledge and heightens anticipation. Gather responses from students and encourage several students to share their responses. Tell students that as they listen to other students’ oral presentations, they should try to determine whether their initial responses about each statement are supported by the material presented or if they need to be changed. If they are supported, their after-presentation and learning response will be the same as their before response. If not supported, their after-presentation and learning response will be different than their before response. Allow students time to reflect on their pre-presentation responses and make changes before moving on to the next presentation. After each presentation is complete, students should use the space below each “before” and “after” response to write a short explanation based on relevant content from the information given in the presentation. Students should use the back of the BLM for additional room in recording the explanations for their after-responses, if needed. Ask students to share some of their “before” and “after” responses with the rest of the class and their explanations. Allow students to identify faulty reasoning and statements that misinterpret or are not supported by the evidence.

*Activity 24:  Shadow Clock (SI GLEs: 13, 14, 16, 20, 21, 22; PS GLE: 13; ESS:  41)

Materials List: stiff, light-colored cardboard; pencils; marker; yellow highlighter; directional or magnetic compasses; learning log; digital camera and color printer (optional); globe; flashlight or other light source, science learning log

Safety Note: Remind students that they should never look directly at the Sun and to take proper dress precautions to protect themselves from UV radiation.

The Sun is the source of energy on Earth, and as such, enables life on Earth to exist and continue. Besides its obvious importance to Earth, it also can be used by humans to determine the passage of time; even honeybees use the position of the Sun to navigate. 

From early times, man has observed shadows cast by the Sun and have noticed the pattern created by them as the day passed. Shadows on Earth keep moving as Earth rotates. Tell students, “This shadow clock will help you find out about the way Earth spins. You can use it to tell the time, but make sure that you put it in a place that will get plenty of sunshine.” Have students cut a circle from stiff cardboard to make a dial. Push the pencil through the middle of it. Next, push the pencil into the ground. Have students use a compass to identify the position on the horizon from which the Sun appears to be rising. Be sure to review safety procedures for safely observing the Sun’s position in the sky. Using the compass and a marker, students should label the directions N, S, E, and W on the cardboard circle after it has been secured on the ground. Mark on the dial where the pencil’s shadow falls the first hour and record the time. Have students predict where the shadow will fall the next hour. (The pencil’s shadow moves steadily around the dial.) 

While outside, students should also observe the length and direction of their own shadows. Have students draw each other’s shadow on the cement, using chalk. Students should write their name and the time somewhere in the shadow for use later. 

Send a pair of students outside every hour (or two hours) during the school day to observe the shadow’s placement on the dial and their own shadow’s movement. Students should stand in the exact position when observing their own shadows and draw the new shadow with chalk, marking the time. Also, have students mark on the dial where the pencil’s shadow falls at each new time. (This shows that Earth spins at a steady speed.) Have students observe the size and shape of the shadow throughout the day. (Shadows are long in the morning and the late afternoon. At noon, the shadow is very short.) Students should use a yellow highlighter to also draw a ray of sunshine on the card each hour and indicate the time to show from which direction the Sun’s light is striking the card.  Have students make an illustration for each of the following:  morning, noon, evening. Include the Sun, object, and shadow. Students can also use a digital camera to capture the shadow’s image at each hour and arrange the digital pictures on a poster board in the shape of a clock to indicate the correct time for each shadow. 

At the conclusion of the activity, instruct students to use the evidence they recorded to infer the directional path the Sun appears to take as it moves across the sky. 

Ask students to share their observations about their own shadow’s movement throughout the day.  Ask them to consider the following questions:

· Did their shadow move position during the day? (yes)
· Did the length of their shadow also change? (yes) How? (It became shorter until approximately noon and then lengthened as the day progressed.)
· When was their shadow the shortest? (around noon)
· Did their shadows’ movement and size changes correspond with the observations they made on the shadow clock? (Yes, they both moved and changed size in the same direction and magnitude.)
· Why were these changes observed? (The Sun shines down on Earth and casts a shadow on the opposite side of any opaque object. As the Earth turns, the Sun’s position in relation to the opaque object changes, creating the movement of the shadow and the change in the size of the shadow.)
· How can this movement of Earth in relation to the Sun be useful in telling time?

(The Earth moves at a steady speed as it rotates toward and away from the Sun. The movement of the shadow is steady and makes one complete circle in 24 hours. As a result, we can tell the passage of one day, or 24 hours, by using the shadow.)
Use a globe to show students the direction Earth must be moving as it rotates in order to produce the shadows they observed. Have students describe and explain in their science learning logs (view literacy strategy descriptions).

Unit 3 Assessment Options

General Assessment Guidelines

Assessment will be from teacher observation/checklist notes of student participation in unit activities, the extent of successful accomplishment of tasks, and the degree of accuracy of oral and written descriptions/responses. Journal entries provide reflective assessment of class discussions and laboratory experiences. Performance-based assessment should be utilized to evaluate inquiry and laboratory technique skills. All student-generated work (e.g., drawings, data collection charts, models, etc., may be incorporated into a portfolio assessment system.

· Students should be monitored throughout the work on all activities via teacher observation and lab notebook entries.

· All student-developed products should be evaluated as the unit continues.

· Student investigations should be evaluated with a rubric.

· For some multiple-choice items on written tests, ask students to write a justification for their chosen response.
· The student will create a race similar to the one in Concept 2 Activity 1, but change a variable. Predict if the speed will increase. Do three trials and take the average speed. Compare with classmates.

· The student will keep a journal tracking all the activities they perform in one day where friction plays a role and include an explanation about how friction is involved.

· The student will create a list that ranks different surfaces according to the amount of friction they generate. 

· Provide students with different examples of activities that demonstrate potential and kinetic energy. The student will identify each type of energy that is being demonstrated. 

· The student will inventory small electrical appliances in his/her home and share the results with classmates. Have students graph the results. Choose the most popular appliance and write a story telling what the world would be like without this appliance.

· The student will make a cause-and-effect chart using unbalanced forces.

· The student will create a concept map of energy sources.

· The student will research one of the energy sources and write a report explaining the availability of this energy source.

· The student will create a poster and oral presentation about his/her energy source.

· The student will keep a log of daily activities he/she participates in for one week. Next to each activity, list a way that he/she can change the activity to save energy resources.

Name/School_________________________________
Unit No.:_________________

Grade _______________
      Unit Name: _____________________________________________

Feedback Form

This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
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SPEED IN ________





Assessment


The student will create an illustration for an activity that demonstrates the changing from potential energy to kinetic energy and back again.











Assessment


Student activity worksheet found in Teacher-Made Supplemental Resources.  This can be used as a formal or informal assessment.





Assessment


The student will act out a physical activity for classmates, and have the remaining students identify the forces in action, determining whether they are balanced or not. Students should record answers, including justifications, in a journal or on a teacher-created observation sheet.








Assessment


Student activity worksheet found in Teacher-Made Supplemental Resources.  This can be used as a formal or informal assessment.
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