Gravity as a Force

Lesson Plan 1 Guided Discovery 

Topic: Gravity as a Force

Grade: 5th
Time: 45 min. class period

Sunshine State Standards: 


Big Idea 13: Standard 9

a. It takes energy to change the motion of objects

b. Energy change is understood in terms of forces-pushes or pulls

c. Some forces act through physical contact, while others act at a distance

(SC.5.P.13)

Benchmark: Identify familiar forces that cause objects to move, such as pushes or pulls, including gravity acting on falling objects. (SC.5.P.13.1)

Objective: Given a 15 minute period of time, students will be able to write a 2-3 paragraph essay describing the concepts they learned from their experiment to include gravity, mass,  and air resistance with 75% accuracy.

Objective Rationale: This lesson is an introduction into the world of physics. Students need to understand these concepts of gravity, the effect of mass on gravity, and the effect of air resistance on gravity so that they can proceed to higher level physics concepts.

Prior Knowledge: Students should have a background idea of how things fall to Earth when dropped and the concept the “what goes up must come down.” They should also have had the experience that some things are hard to lift off the ground, while other things (like a pencil) are much easier to lift.

Vocabulary: 


Force: a push or a pull on an object

Gravity: a force that attracts different objects together 


Energy: the supply of power using a force


Mass: the measure of matter a given object contains


Acceleration: the rate at which an object increases in speed

ESOL Strategy: These students should review the vocabulary words before the lesson, and they can be given a paper with the definitions written down to help them keep up with the flow of the lesson. 
Materials:

Teacher: materials for modeling the experiment as needed (1 apple, 1 grape, 2 sheets of identical paper, 1 small stuffed animal, 1 baseball), projector attached to computer to show the NASA information, data collection worksheet and graphs of my own experiments previously performed.


Students: materials for the experiment per group: 1 apple, 1 grape, 2 sheets of identical paper, 1 small stuffed animal, 1 baseball , data collection worksheet for each student, instructions on conducting the experiment, instructions on graphing, three pieces of graph paper per student, science journals.

View a short movie (7 minutes) of "Orville and Wilbur Wright" discussing the weight force and how it affected the flight of their aircraft. The movie file can be saved to your computer and viewed as a Podcast on your podcast player. 
Now, go to the NASA website below and discuss gravity as a force on an object such as an airplane.

http://www.grc.nasa.gov/WWW/k-12/airplane/weight1.html
Behavioral Expectations:


“Today we will be conducting an interesting experiment. In order to fully understand the concepts, I need for each of you to pay close attention. We will discuss and review the vocabulary words we have been working on in Science class. We will also cover the instructions to the experiments I will have you perform in groups. Please ask questions after the presentation is finished so that we are all clear in how the experiment will work.”


“Make sure that everyone in the group is participating so that everyone can better understand the concepts and vocabulary words that we are learning. Each member of the group should have a chance to stand on the chair and drop the objects and record the data. I need for you to be careful when standing on the chair. If anyone feels unsafe doing this, please let me know and we will find an alternative.”

Motivation:


“Experiments are an interesting way to learn or better understand a scientific concept. Today we are dealing with gravity and force and we are going to collect some data regarding dropping different items to the floor and seeing how long it takes the item to fall. You will work together in groups, and then we will discuss our findings together as a class and see what results we found. I’ll be walking around the class to observe, so please stop me if your group has a problem or question.”   
ESOL Strategy: Be sure that ESOL students are paired with helpful students who are willing to help the ESOL student with vocabulary words, instructions, recording data, and graphing.
Lesson Body:


First the students will review vocabulary words. 
Procedures: 

I will read through the instructions, which will be on the Power Point screen. Each student will have a copy of the instructions and can follow along and ask questions as needed. I will show one example of standing on a chair, having an apple in one hand and a grape in the other. I will emphasize that the objects are at the same height, that I am dropping the objects at the same time, and that I am simply dropping the objects (not adding any force of my own).

The students will be put into groups of 3-4 and the experimenting will begin. Students will be given 10-15 minutes for conducting the experiment before they are guided to begin the End of Experiment Questions. They will be given 5 minutes to discuss and answer the questions as a group. When each of the groups is finished we will come together as a class for the debriefing session.

Debriefing and Check for Understanding:


“Let’s start with the first experiment. Were the apple and grape of the same mass? (No). What did your data show you when you dropped the apple and the grape? (They always landed at the same time). Is this what you expected? Why or why not? (No, the apple feels heavier and is larger, so it was expected to hit the ground first). Why do you think you had these results? (Allow students time to answer with the response their groups came up with). Were your results consistent or changing? So we found that even though the apple and grape have a different mass, they still fell to the ground at the same rate.”


“Now let’s look at the second experiment. Did the two pieces of paper have the same mass? (Yes). What happened when you dropped the flat paper and the crumpled paper? (The flat paper took longer to fall to the ground). Why do you think you had these results and were they consistent or changing? (Allow students time to answer from their worksheet). So this time we see two items of the same mass falling to the ground at a different rate. This is where we see air resistance in action. The flat paper was falling slowly, riding on the air.”


“For the third experiment we used two objects of different masses again. What were your results when you dropped the stuffed animal and the ball? (They landed at the same time). Is this what you expected to happen? Why or why not? (No, the baseball is heavier, so it was expected to hit the ground first). Were your results consistent? Why do you think you had these results?” (Allow students time to answer from their worksheet). 

“So from our experiments we see that two objects of different masses will be pulled by gravity at the same rate. This rate of acceleration is 9.8 meters per second squared and is not affected by an object’s mass. We also saw that two objects of the same mass can fall at different rates due to their shape. In the second experiment we found that the flat paper has to deal with air resistance, therefore, the flat paper takes a longer time to fall to the ground.”

Allow students time to further discuss the experiments or to ask questions. Then move on to the graphing instructions for the Supervised Practice.

Supervised Practice:


Each student will have a copy of the graphing instructions. Together we will read through the instructions and I will walk through the steps on the whiteboard. The groups can work together to fill in their individual graphs. Once the students are finished with their graphs, I will show them the graph I made when I conducted my own experiments (using the Power Point).

Closing:


“Today we learned that gravity is a force which pulls on objects. When these objects are close to the Earth they fall at a rate of 9.8 meters per second squared and the mass of the object does not affect this rate of acceleration. We also discovered that air resistance can make objects of certain shapes fall more slowly, whether they are of the same mass or not.”

Extended Practice:


“Before we finish, I would like each of you to take out your science journal and write down the concepts, vocabulary words, and any other ideas that you learned today from your experiments, graphs, and our discussions.”

Assessments:


Formal Assessment: At the end of the Science Unit on forces, the students will have to write a short 2-3 paragraph essay describing what they learned regarding gravity, mass, and air resistance. This will be part of the Science Unit Test. 


Informal Assessment: The Data Collection Worksheet, End of Experiment Questions, and the graph will be put into the student’s portfolio for later review.

References:

 http://www.grc.nasa.gov/WWW/k-12/airplane/weight1.html
Experiment Instructions

1. The class will be divided into groups of 3-4 students and materials and worksheets will be handed out.

2. Begin your experiment with one student standing on a chair, holding an apple in one hand and a grape in the other hand. The objects must start at the exact same height and they are only to be dropped (do not throw the objects down, let them fall freely).

3. Watch the teacher demonstrate. 

4. Each student will take a turn dropping one apple and one grape and recording the results. The first student will write their results under 1st Trial by recording a 1 next to the object that hit the ground first, a 2 next to the object that hit the ground second, or same if both objects arrived at the ground at the same time. Pay close attention and each group member should help by watching the objects and giving their input. If it was too close to tell, write “same”. 

5. Each student should have at least one turn until all 4 trials are completed and recorded.

6. The next experiment involves two pieces of paper. Keep one paper flat and make the other piece of paper into a ball shape by scrunching it up.

7. Have each group member perform the experiment until all 4 trials are completed and recorded. 

8. The last experiment involves dropping a small stuffed animal and a ball from the same height to see which will hit the ground first. Again, have each group member perform the experiment and record the data until all 4 trials are filled in.

9. As a group, answer the End of Experiment Questions. 

10. Please clean up your experiment area and return all materials to the bins on the shelf. 

Data Collection Worksheet
Which hits the ground first?



      1st Trial

2nd Trial

        3rd Trial

  4th Trial

	Given Objects
	1,2, or same
	1,2, or same
	1,2, or same
	1,2, or same

	
	
	
	
	

	
	
	
	
	



      
      1st Trial

2nd Trial

        3rd Trial

  4th Trial

	Given Objects
	1,2, or same
	1,2, or same
	1,2, or same
	1,2, or same

	
	
	
	
	

	
	
	
	
	


   

     1st Trial

2nd Trial

        3rd Trial

  4th Trial

	Given Objects
	1,2, or same
	1,2, or same
	1,2, or same
	1,2, or same

	
	
	
	
	

	
	
	
	
	


End of Experiment Questions

1. What did your data show you when you dropped the apple and the grape?
2. Is this what you expected? Why or why not?
3. Why do you think you had these results? Were your results consistent or changing?
4. What happened when you dropped the flat paper and the crumpled paper?
5. Is this what you expected? Why or why not?
6. Why do you think you had these results? Were your results consistent or changing?
7. What were your results when you dropped the stuffed animal and the ball?
8. Is this what you expected? Why or why not?
9. Why do you think you had these results? Were your results consistent or changing?
Graphing Instructions

Follow along with the teacher as she explains these steps on the Whiteboard.

1. Title the graph with an appropriate name describing the graph’s information.

2. Place the names of the objects on the x-axis.

3. Label the x-axis (below the names of the objects).

4. Place the order in which the objects hit the ground on the y-axis (you will need to have the units labeled 0, 1 and 2).

5. Label the y-axis (next to the numbers which show the order).

6. Use 4 columns for each object. Each column will represent a different trial (1-4).

7. Color each of the 4 columns a different color. However, use the same colors for each trial (for example: trial 1=blue for each object, trial 2=red for each object, etc.).

How Objects Move Fast!

Lesson Plan 2 Guided Discovery 

Lesson Title:  How objects move fast?

Grade level: 5

Sunshine State Standards

Benchmark: SC. 5. P. 13.2 The greater the force applied to an object, the greater the change of motion of that object. 
Objective: The students will learn the relationship between force and acceleration by investigating why objects move faster with respect to greater force? 

Materials: One per two students;

1. Clip board with rubber band stapled at the same place on each board

2. Ping-Pong ball

3. Data sheet 

Motivational Dialogue: 
Have you wondered why a car moves fast when we push the gas pedal? 

Why a sprinter out runs other runners in a hundred meter dash?

The answer to these questions lies in our understanding of ‘force’ and some related concepts. The scientist, Newton, explained the relationship between ‘force’ and its action on the motion of the object on which it is acting on. 
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Before we go any further we need to understand some terms related to these ideas. 

Definitions:

FORCE: Force is simply defined as a pull or push on an object which may or may not cause it to move.
VELOCITY: The speed at which an object moves is its velocity.

MASS: It is the amount of matter in an object.
ACCELERATION: The change in velocity of an object with respect to time is its acceleration. It can be either a change in speed or direction in which the object moves.

 Presentation: 

Now, let’s look at Newton’s Second Law of motion which can help us find answers to our questions above.   http://www.grc.nasa.gov/WWW/K-12/airplane/newton.html
Newton’s Second law of motion states that:

The change in motion of an object is proportional to the force applied on it. This change in motion called acceleration occurs in the direction of the force.

This means when we apply a greater force to an object’s motion, the greater the change in motion (acceleration) it produces. This answers our first question about the car going faster with more gas. When the engine of the car gets more gasoline, it produces a greater force that results in greater acceleration. In the case of the sprinter, the one who exerts the most force with all his/her muscles win the race. 
http://www.grc.nasa.gov/WWW/K-12/airplane/smotion.html
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In terms of formula, we can write; 

Fαa 

Where ‘F’ stands for force, ‘α’ for proportional and ‘a’ for acceleration

For a given mass ‘m’, we can write;

F=ma 

Where ‘m’ is the mass of the object on which the force acts on. Remember in our experiments the mass of the object (the ping pong ball) will remain constant that is each group will be given a ball that they will use for their experiments. 

Each of these factors has different measuring units. Commonly, force is measured in Newton; mass in kilograms and acceleration in meters/second square.

Activity:

Model: Dialogue: Let’s do an interesting experiment that will help clarify these ideas. I am sure all of us have used rubber bands for different things. …To tie things, to band things, and made band slingshots or rubber band pencil shooters. Today we will use the rubber band like a sling to shoot ping pong balls. We will have lots of fun. Moreover, we will observe and collect data on our experiment.

Procedure Overview:

Here is an overview of what you will be doing. 

1. Notice that there are three rubber bands attached at the same points on the board. First, use one rubber band to shoot a ping pong ball, make sure that your board is on a horizontal surface such as the floor. 

2. Repeat the experiment with two and then with three bands.

3. For the sake of simplicity, we will measure the force exerted by a single rubber band as 1F and the acceleration (change in motion) that it will produce on the ping pong ball as 1a. 

4. Collect the data for the force with two and three rubber bands on the data sheet. 

5. Answer the question; did you observe a proportional increase in acceleration with an increase in force? 

Model One:

Dialogue: Watch me as I shoot the ball using one rubber band. I noticed how fast the ball traveled. I will record the force as 1F and acceleration of the ball as 1a under the first column labeled ‘One rubber band’. 

Practice:

Directions: Have students do this experiment in pairs. Scaffold students as needed. Pair high ability with low ability students and helpful students with special needs students. Assist students in observation and recording data. 

Dialogue: Go a head and start your experiments. I will assist you as you perform the first part of this experiment. 

Model Two: 

Dialogue: Let me show you how you will observe and collect data for your second shoot. Recall that the first time we shoot the ball; we will consider the force the rubber band exerts on the ball to be 1F and the corresponding acceleration as 1a which you wrote under the first column labeled ‘One rubber band’. Now we will observe what happens when we have doubled the force by using two rubber bands. Is the acceleration produced twice as much compared to the one with only one rubber band? If so, we will label the acceleration as 2a and label the corresponding force as 2F. Recall that the mass of the ball has remained constant. 

Practice: 

Directions: Scaffold only if needed. Observe each groups work. 

Dialogue: Now, perform the experiment with two rubber bands.  Please complete your data sheets as what you have observed for your second shoots. 

Model Three: Dialogue: Every one, watch me as I shoot the ball with all three rubber bands together. 

Directions: Perform this part of the experiment. 

Dialogue: I think that the ball shot three times as fast compared to the first time. So, I will label the acceleration as 3a and force as 3F under the third column ‘Three rubber bands’. 

Direction: Fill out the last column and show students the sheet. 

Practice: 

Directions: Let students practice this part of the experiment independently.

 Dialogue: Now, you do the last shoot with all there rubber bands together. Observe and record your findings on the data sheet. 

Assessment;

As a check for your understanding, please answer the question in a few sentences; 

Did you observe a proportional increase in acceleration with an increase in force?  Explain your answer, why yes or no. 

Resources:

Print the following ‘Data sheet’ for each group.

DATA SHEET

Student Names:

	
	One Rubber Band
	Two Rubber Bands
	Three Rubber Bands

	Force
	
	
	

	Acceleration
	
	
	


Closure:

This experiment is a simple experiment that is designed to help students learn the relationship between force and acceleration. The students should have learned, the greater the force on an object, the greater the acceleration it produces. They performed the experiment using ping pong balls and recorded data on data sheets. They were evaluated on their understanding about the subject by writing a few sentences explaining the reasoning behind their observations. Students have used the scientific skills of observation, collecting data, analyzing data and using empirical evidence to support their claim. 

References:

The Glenn Research Center and NASA, 2009.  Newton’s Laws of Motion. Retrieved on August 1, 2009 from URL:  http://www.grc.nasa.gov/WWW/K-12/airplane/newton.html
Adams, C. Richard, and Goodwin, H. Peter. 2000. Physics Projects for Young Scientists. 

Olenick, P. Richard, Apostol, M. Tom, and Goodstein, L. David. 1985. The Mechanical Universe. 

Mass and Force

Lesson Plan 3 Guided Discovery
Topic  

Mass and Force

Allotted Time 1 Hour

Grade Level  

5th Grade

Purpose

During this lesson, students will conduct several experiments to determine the relationship between mass and force. It is important for students to understand this concept because force is required to move any given object so students should be familiar with how it relates to an object’s mass. 

Sunshine State Standards 

· BIG IDEA 13

· Forces and Changes in Motion A. It takes energy to change the motion of objects. B. Energy change is understood in terms of forces--pushes or pulls. C. Some forces act through physical contact, while others act at a distance.

· SC.5.P.13.3

· Investigate and describe that the more mass an object has, the less effect a given force will have on the object's motion.

Performance Objectives 

Given five different materials with wide ranges of masses, students will investigate the amount of force it takes to move each object and number the objects 1-5 according to their estimated mass with 100% accuracy. 

Materials
Teacher



Students
PowerPoint


            
Data Sheet

                                                           
Penny






Bar of Soap

Large Book






Chair

Table










Motivation
Today, we are going to learn about the concept of force. Have you ever tried to move something that was very big and were unable to do it? Or have you ever moved something small and accidentally moved it too far because it was lighter than you thought? In our experiment, we are going to discover how the mass of an object effects the distance it can be moved by force. 
First let’s look at the forces on a plane:  Airplane Forces
Procedure

1) Give students five minutes at each station. At each station students will:
a) Investigate the given object.
b) Each student should move the object and make a note on their data sheet about how much force they had to exert to move the object (EX: barely any at all, a little, a lot, etc.) 
c) Record any other observations they feel should be documented.
2) Set up five learning stations, each with one material that will be used in experiment.
a) Penny Station
b) Soap Station
c) Book Station
d) Chair Station
e) Table Station
3) Hand out data collection sheets and make sure every student has a pencil to write with.
4) Students will fill out the prediction part of the data sheet before beginning the experiment.
5) Group students in groups of four. These students will be collecting their own individual data but moving around the stations as a group to ensure everyone is allowed an appropriate amount of time to collect their data.
Data Collection

Mass and Force Experiment Data Recording Sheet

	Object
	Predictions: Number Objects 1-5. 1 being the object with the least amount of mass and 5 with the most.
	How much force did it take to move the object? Barely any? A lot? A little? Be descriptive.
	Any notes that you would like to record about the object, its mass, or the force it took to move it. Write none if you have no notes to record.
	Based on your observations of amount of force it took you to move the objects, number the objects again 1-5. 1 being the object with the least amount of mass and 5 with the most.

	Chair
	
	
	
	

	Book
	
	
	
	

	Table
	
	
	
	

	Penny
	
	
	
	

	Soap
	
	
	
	


Data Processing

Would anyone like to share something interesting they discovered while performing these experiments? Lets all use what we learned and work together to put the objects in the correct order according to their masses, lowest to highest. What object do you all think has the lowest mass? Which one has the highest mass? Which object did you label number 2? Number 3? Number 4? What did you notice about the relationship between objects’ masses and the effects force had on those objects?

Closure  

Today, we learned about mass and force and how the two concepts are interrelated. We came to the conclusion that the more mass an object has, the more force its going to take to move it over a distance. We experimented with five different objects with different masses; a book, a bar of soap, a table, a chair, and a penny. After everyone used force to move the objects, you all recorded your findings on your data sheet. 

· Why was the penny the easiest to move?

· Why was the table the hardest?

· If you put the penny on the table, would the penny’s mass added to the table’s make the table more difficult to move?

· Would any of the other objects’ masses added to the table’s increase the amount of force required to move the table? Which ones do you think would make a difference? 

Appraisal 

The students were to be given five different materials with wide ranges of masses, and investigate the amount of force it takes to move each object. After experimenting with the objects students should have numbered the objects 1-5 according to their estimated mass with 85% accuracy. To assess the students, I will assess their data sheets and compare their predictions to their final determinations. I will also look for participation in the data processing and closure discussions.

References 

The Glenn Research Center and NASA, 2009.  Forces on a Plane. Retrieved on August 1, 2009 from URL: http://www.grc.nasa.gov/WWW/K-12/airplane/forces.html
http://www.physicsclassroom.com/Class/newtlaws/U2L1b.cfm
http://www.edu.pe.ca/southernkings/mass.htm
The Force of Friction 
Lesson Plan 4  SEQ CHAPTER \h \r 1Guided Discovery
Topic
This lesson is about friction, and the difference between static friction and kinetic friction.

Grade Level
This lesson is designed for fifth grade students.

Purpose

The purpose of this lesson is to introduce the students to a type of force, other than gravity, that has an effect on the motion of an object.  Students should know this concept because they can use the information about the concept of friction in their every day lives.  For example, a person living in a cold area would need to know what to do to make it possible to walk on an ice covered sidewalk without falling.

Performance Objectives
*Given data in a chart, students will analyze data to determine the material that provides the most friction with 100% accuracy.

*Given 5 scenarios, students will differentiate between static and kinetic friction with 80% accuracy.

*Given pencil and paper, students will state 2 reasons why scientific explanations require evidence to be valid using complete sentences.

Sunshine State Standards

*BIG IDEA 1: The Practice of Science A: Scientific inquiry is a multifaceted activity; The processes of science include the formulation of scientifically investigable questions, construction of investigations into those questions, the collection of appropriate data, the evaluation of the meaning of those data, and the communication of this evaluation. B: The processes of science frequently do not correspond to the traditional portrayal of "the scientific method." C: Scientific argumentation is a necessary part of scientific inquiry and plays an important role in the generation and validation of scientific knowledge. D: Scientific knowledge is based on observation and inference; it is important to recognize that these are very different things. Not only does science require creativity in its methods and processes, but also in its questions and explanations. 

*SC.5.N.1.1 Define a problem, use appropriate reference materials to support scientific understanding, plan and carry out scientific investigations of various types such as: systematic observations, experiments requiring the identification of variables, collecting and organizing data, interpreting data in charts, tables, and graphics, analyze information, make predictions, and defend conclusions. 

*BIG IDEA 2: The Characteristics of Scientific Knowledge A: Scientific knowledge is based on empirical evidence, and is appropriate for understanding the natural world, but it provides only a limited understanding of the supernatural, aesthetic, or other ways of knowing, such as art, philosophy, or religion. B: Scientific knowledge is durable and robust, but open to change. C: Because science is based on empirical evidence it strives for objectivity, but as it is a human endeavor the processes, methods, and knowledge of science include subjectivity, as well as creativity and discovery. 
*SC.5.N.2.1 Recognize and explain that science is grounded in empirical observations that are testable; explanation must always be linked with evidence. 

*BIG IDEA 13: Forces and Changes in Motion A. It takes energy to change the motion of objects. B. Energy change is understood in terms of forces--pushes or pulls. C. Some forces act through physical contact, while others act at a distance. 

*SC.5.P.13.4 Investigate and explain that when a force is applied to an object but it does not move, it is because another opposing force is being applied by something in the environment so that the forces are balanced. 

Materials




Teacher: chart paper, markers, large graph paper, calculator

Students: pencil, paper, 1 tennis shoe, 2 rubber bands, ruler, access to multiple surfaces (gravel, sand, grass, cement, tile, and linoleum), data collection sheet, calculator

Motivation


Our class has been selected to work on a top secret mission.  The high school track team really wants to go to finals this year, and they need our help.  The runners on their team keep slipping and falling when they are running in races on their home track.  They need us to help them figure out what they should make their new track out of, so this does not keep happening.  They have a couple of different materials in mind, but it is our job to find the one that will keep their runners on their feet.  We will have to do an experiment to find the best material.  Are you up for the challenge?

Procedure
ESOL Strategy: Pair ESOL students with proficient English speakers.



We are going to do an experiment.  You will work independently to collect your data, and then we will come together as a class to decide what our data tells us.  You will record all of your data on a data collection table.  The track team has narrowed their choices of possible track surface materials down to 6.  Your job is to test 3 of the materials during this experiment.  The surfaces you choose are up to you, but you need to test each material 3 times.  Before we start the experiment, I want each of you to take a guess at which material you think will be the best material to make the new track out of.  Write this on your data sheet.  Listen as I go over how we are going to collect our data.

Data Collection
ESOL Strategy: Pair ESOL students with proficient English speakers.

 You will test each material by measuring how far your rubber band chain stretches before your shoe moves, and while your shoe is moving.  Watch as I demonstrate.

1.  Link 2 rubber bands together to form a rubber band chain.  Connect one end of the chain to your tennis shoe, and leave the other end dangling.

2.  Choose which running surface you want to test.  You will be testing 3 different surfaces.  You can choose from sand, gravel, grass, cement, ceramic tile, and linoleum.

3.  Once you have selected your surface, you will place your tennis shoe on it, with the bottom of the shoe touching the surface, just as if you were walking on it.

4.  Start pulling on your rubber band chain slowly.  Pull it straight behind the shoe, so it is parallel with the surface.

5.  As soon as your shoe starts moving, measure the length of the rubber band chain and record it in column 2 of your chart (in inches).

6.  Keep the shoe moving, and measure the length of the rubber band chain while the shoe is being dragged.  Record this in column 3 of your chart (in inches).

7.  Repeat steps 3-6 two more times for this surface, recording your data in the corresponding columns.  Also do three trials for each of the other 2 surface materials you choose.  Record all of you data in your chart.

8.  Once you have recorded your data, find the average of the length of the rubber band for each of the 3 surfaces.  You will need to average both the length when the shoe just starts to move, as well as the length when the shoe is moving.  To get the average for the length when the shoe just starts to move, add the lengths from columns 2,4,and 6 for that surface, and divide your answer by 3.  Record this in column 8 (Avg. 1).  To get the average for the length when the shoe is moving, add columns 3,5,and 7 for that surface, and divide your answer by 3.  Record this in column 9 (Avg. 2).  

Data Processing
1.  Hang up 6 pieces of chart paper around the room, each labeled as one of the 6 surface material choices.  Each paper should also be divided in to 2 columns, labeled ‘length of rubber band as shoe just starts to move’, and ‘length of rubber band as shoe is moving’.

2.  Have each student come up and write their average lengths in each column for the materials they chose.  If there are any outliers, discuss them and explain that this is why multiple trials are needed.

3.  Once this is done, ask, “Which material yielded the longest length in regards to the rubber band?” and “Why do you think that happened?”  This is where you can bring up the concept of friction.  Ask, “Does anyone know what friction is?”  If not, give the definition: “a force on objects or substances in contact with each other that resists motion of the objects or substances relative to each other” (Friction, n.d.).

4.  Once this is done, ask, “What do you notice about the average lengths in each column?” and “What can you say about the numbers in the 2 columns for the same material?  How do they compare?”  This is when you can discuss static and kinetic friction.  Ask, “Does anyone know the difference between static and kinetic friction?”  If not, give the definition for static friction: “arises between two objects that are not in motion with respect to each other, as for example between a cement block and a wooden floor” (Friction, n.d.).  Also give the definition for kinetic friction: “arises between bodies that are in motion with respect to each other, as for example the force that works against sliding a cement block along a wooden floor” (Friction, n.d.). 

5.  Have the students find the average for all of the lengths in each column of your chart paper.  Use those averages to create a bar graph that shows the data.  Record this information on a cart paper sized piece of graph paper in front of the class.  Have the students graph this information as well, using their bar graph sheet that was provided on their data collection sheet.  Use a different color for each set of data.

6.  Ask, “How does the length of the rubber band correspond to the amount of friction the shoe and the material have?”  Based on this, and on our graph, “What is the best material our high school track team can use to help their runners stay on their feet?” and “What is the connection between traction and friction?”

Closure


We began this lesson with a goal in mind; to find the best material for our school’s new track that will help their runners get better traction while running.  There were 6 possible materials available, and we tested each one to find out which material had the most friction with our tennis shoes.  Through experimentation, we learned about friction, static friction, and kinetic friction.  We found out what the school track team should make their new track out of, which we will report to them on Monday.  Let’s review to make sure we all understand what we learned today:

*Can someone tell me what friction is?

*What are some things that may affect friction?

*What is the difference between static and kinetic friction?

*What do you think the results would have shown if the surfaces we tested were wet?

*Do you think our results would have changed if we added weight to the shoe?  Why or why not?


*Why was it necessary for us to do 3 trials for each of the different materials?

*Was your guess at the beginning of the experiment the surface material that really provided the most friction, based on our evidence?  What does that say about the need for evidence?

Appraisal/Assessment

Students will be given a written test.  They will be asked to analyze data in a chart and decide which material provides the most friction.  There will also be 5 scenarios given, and the student will be expected to determine if they are describing kinetic or static friction.  The last part of the assessment will require students to explain why evidence is needed to support scientific knowledge.
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Data Collection Sheet
Write your guess here: __________________________________

	Column 1
	Column 2
	Column 3
	Column 4 
	Column 5
	Column 6
	Column 7
	Column 8
	Column 9

	Type of Surface
	Trial 1 - Length of rubber band when shoe just starts to move
	Trial 1 - Length of rubber band when shoe is moving
	Trial 2 - Length of rubber band when shoe just starts to move
	Trial 2 - Length of rubber band when shoe is moving
	Trial 3 - Length of rubber band when shoe just starts to move
	Trial 3 - Length of rubber band when shoe is moving
	Average 1
	Average 2

	Surface 1:
	
	
	
	
	
	
	
	

	Surface 2:
	
	
	
	
	
	
	
	

	Surface 3:
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Assessment
	Column 1
	Column 2
	Column 3
	Column 4 
	Column 5
	Column 6
	Column 7
	Column 8
	Column 9

	Type of Surface
	Trial 1 - Length of rubber band when shoe just starts to move
	Trial 1 - Length of rubber band when shoe is moving
	Trial 2 - Length of rubber band when shoe just starts to move
	Trial 2 - Length of rubber band when shoe is moving
	Trial 3 - Length of rubber band when shoe just starts to move
	Trial 3 - Length of rubber band when shoe is moving
	Average 1
	Average 2

	Surface 1: Grass
	13 inches
	12 inches
	13.5 inches
	12 inches
	11 inches
	11 inches
	12.5 inches
	11.66 inches

	Surface 2: Gravel
	14 inches
	13 inches
	14.5 inches
	14 inches
	14 inches
	12 inches
	14.17 inches
	13 inches

	Surface 3: Sand
	9 inches
	8.5 inches
	10 inches
	9 inches
	11.5 inches
	9 inches
	10.17 inches
	8.83 inch


1.  Using the information in the chart above, identify which material will provide the most friction with a tennis shoe.  Explain how you came to that conclusion. __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2.  Below are 5 scenarios.  In the line next to the scenario, identify if it is referring to static friction or kinetic friction.

1. __________ A cement block sliding down a hill.


2. __________ A gymnast balancing on the balance beam.


3. __________ A child sledding down a snowy hill.


4. __________ A car driving down the road.


5. __________ A car parked on a steep hill.

3.  Using complete sentences, state 2 reasons why evidence is needed to support scientific knowledge.

1._____________________________________________________________________________________________________________________________________________.

2._____________________________________________________________________________________________________________________________________________.

