SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Science  8th  Grade                            

	Recommended  Days of Instruction:  3
	(one day equals 55 min)

	Standard(s) addressed:  8-5

	The student will demonstrate an understanding of the effects of forces on the motion of an object. (Physical Science)

	Force and Motion

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.1 Use measurement and time-distance graphs to represent the motion of an object in terms of its position, direction or speed.  
	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm?

NCTM: Graphing Runners http://standards.nctm.org/document/eexamples/chap5/5.2/index.htm#APPLET
PBS Online: The Race http://teacherline.pbs.org/teacherline/resources/activities/race/readings/race.htm
ETV Streamline SC

http://etv.streamlinesc.org
Discovering Math: Concepts in Algebra                                   Segment 2: Speed of a Car (3:30) ETV Streamline SC - 8-5.1, 8-5.2
	See Module 8-5.1

Teaching the Lesson 8-5.1A Force and Motion – “Position and Direction”
Teaching the lesson 8-5.1B Force and Motion – “Distance and Displacement”
Teaching the lesson 8-5.1C Force and Motion – “Graphing Speed?”

	From the SC Science Support Document:
The objective of this indicator is to use measurements and time-distance graphs to represent motion of objects in terms of position, distance, or speed; therefore, the primary focus of assessment should be to apply measurement and graphing skills to demonstrate the motion of objects in terms as listed in the indicator.  



	Module 8-5.1 Continued

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-5.1 Use measurement and time-distance graphs to represent the motion of an object in terms of its position, direction or speed.  
	ETV Streamline SC

http://etv.streamlinesc.org
Discovering Math: Concepts in Algebra                               Segment 3: Speed of a Bungee Jumper (1:42)  8-5.1, 8-5.2

ETV Streamline SC

http://etv.streamlinesc.org
Simply Science: Energy Transformations

Segment 4: A Graphic Illustration (4:47 min)

This video discusses the design of a distance-time graph to determine the speed of an elevating bucket in a grain silo, including the correct placement of the variables and using a line of best fit for the data.

It also shows how the slope of the line formed is used to calculate the speed of the conveyor belt and considers how plotting two lines on the same graph could be used to determine the comparative speed of two objects. It is best used with students who have had or are taking Algebra I and can understand more advanced algebra applications.

	
	However, appropriate assessments should also require students to recognize the variables (position, direction, speed) of motion; interpret the motion of an object from data on a graph; match a data table with its appropriate motion graph; compare faster and slower speed using the slope of a graph; or represent the motion of an object (with respect to a reference point) with a scale drawing using appropriate terms for position and direction.




Eighth Grade

Science

Module 

8-5.1
Force and Motion
Lessons A – C 
[image: image3.emf]
From the South Carolina Science Support Documents:

Indicator: 8-5.1 Use measurement and time-distance graphs to represent the motion of an object in terms of position, direction, or speed.

Taxonomic Level of the Indicator: 

Apply Conceptual Knowledge (3.2-B)

Previous/Future knowledge: Students have been introduced to the concept of motion in terms of speed and direction in 3rd grade (3-5.2) and to position, speed, and direction in 5th grade (5-5.2). 5th grade students constructed a line graph (5-1.5) with the proper placement of the variables, as well as used a graph to illustrate motion (5-5.5). Students will further develop the concept of measuring and graphing motion using equations in high school Physical Science (PS-5.6).

It is essential for students to know that motion occurs when there is a change in position of an object with respect to a reference starting point. 

The final position of an object is determined by measuring the change in position and direction of the segments along a trip. The following terms are used to describe and determine motion:

Position

Position is the location of an object.

· An object changes position if it moves relative to a reference point.

· The change in position is determined by the distance and direction of an object’s change in position from the starting point (displacement).

Direction

· Direction is the line, or path along which something is moving, pointing, or aiming.

· Direction is measured using a reference point with terms such as up, down, left, right, forward, backward, toward, away from, north, south, east, or west. For example, given the following data table, determine the change in the object’s position based on its final position, distance, and direction, from a starting point.

	Segment
	Distance (m)
	Direction

	X
	10
	East

	Y
	7
	North

	Z
	10
	West


· Draw a line to scale representing 10 meters in an easterly direction.

· At the end of that line, draw a line representing 7 meters in a northerly direction.

· From the end of the second line, draw a line representing 10 meters in a westerly direction.

· Connect the end of the third line to the starting point.

· Measure the distance and direction from the starting point to the end of the third line.

· The position at the end of the trip is 7 meters north of the starting point.

Motion can also be described by the relationship between distance an object travels and the period of time it travels. This measurement of motion is a rate.
Speed

· Speed is a measure of how fast something moves a particular distance (for example, meters) over a given amount of time (for example, seconds).

· Therefore, speed is the rate of change of the position of an object, or how far something will move in a given period of time.
· Speed does not necessarily mean that something is moving fast.

NOTE TO TEACHER: Calculations for speed will be done in the next indicator (8-5.2).

It is essential for students to use (construct and interpret) a distance-time graph to represent the motion of an object in terms of speed. Students should graph objects moving in only one direction away from the reference point (starting point).

Distance-Time Graph

· A graph that can be used to represent how both speed and distance change with time.

· For this type of graph, time (the independent variable) is plotted on the x-axis and the distance (the dependent variable) is plotted on the y-axis.

Speed

The slope of the line can tell the relative speed of the object.

· When the slope of the line is steep, the speed is faster than if the slope were flatter.

· When the slope of the line is flatter, the speed is slower.
· [image: image4.emf]When the slope of the line is horizontal to the x-axis, the speed is zero (the object is not moving). For example:
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[image: image1.emf]
NOTE TO TEACHER: Classroom experiments should be designed so that time is the independent variable, and distance is the dependent variable.

Data can be represented in a table. For example:

	Time (s)
	Distance (m)

	0
	0

	1
	5

	2
	10

	3
	15

	4
	15

	5
	15

	6
	30

	7
	45


This data can then be represented on a distance-time graph.

[image: image6.png]



This distance-time graph can then be used to describe the speed of the object. For example, the speed of segment A is slower than segment C. The speed of segment B is zero, the object is not moving.

It is not essential for students to know that speed in a given direction is called velocity or that the rate of changing velocity is called acceleration. Students do not need to interpret distance time graphs in terms of the direction or position of the object. Students do not need to calculate the slope of the graphs. Students do not need to address speed-time (acceleration) graphs.

Assessment Guidelines:

The objective of this indicator is to use measurements and time-distance graphs to represent motion of objects in terms of position, distance, or speed; therefore, the primary focus of assessment should be to apply measurement and graphing skills to demonstrate the motion of objects in terms as listed in the indicator. However, appropriate assessments should also require students to recognize the variables (position, direction, speed) of motion; interpret the motion of an object from data on a graph; match a data table with its appropriate motion graph; compare faster and slower speed using the slope of a graph; or represent the motion of an object (with respect to a reference point) with a scale drawing using appropriate terms for position and direction.
Teaching Indicator 8-5.1: Lesson A - Force and Motion: “Position & Direction”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the position and motion of an object relative to other objects. This lesson can also be used in conjunction with 8-1.3, 8-1.4 and 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. A piece of tape should placed on the floor in a straight line across the classroom in an area where you can easily walk it. Print 8-5.1A Student Labsheet in Grayscale before you make copies.
Misconceptions: 

Students may believe the location of an object can be described by stating its distance from a given reference point (ignoring direction). 
From AAAS Atlas of Science Literacy (Project 2061):

 Student Misconceptions:

Students tend to think of force as a property of an object ("an object has force," or "force is within an object") rather than as a relation between objects.  In addition, students tend to distinguish between active objects and objects that support or block or otherwise act passively. Students tend to call the active actions "force" but do not consider passive actions as "forces".  Teaching students to integrate the concept of passive support into the broader concept of force is a challenging task even at the high-school level. 

Students believe constant speed needs some cause to sustain it. In addition, students believe that the amount of motion is proportional to the amount of force; that if a body is not moving, there is no force acting on it; and that if a body is moving there is a force acting on it in the direction of the motion.  Students also believe that objects resist acceleration from the state of rest because of friction -- that is, they confound inertia with friction.  Students tend to hold on to these ideas even after instruction in high-school or college physics.  Specially designed instruction does help high-school students change their ideas. 

Research has shown less success in changing middle-school students' ideas about force and motion.  Nevertheless, some research indicates that middle-school students can start understanding the effect of constant forces to speed up, slow down, or change the direction of motion of an object. This research also suggests it is possible to change middle-school students' belief that a force always acts in the direction of motion.  

Students have difficulty appreciating that all interactions involve equal forces acting in opposite directions on the separate, interacting bodies. Instead they believe that "active" objects (like hands) can exert forces whereas "passive" objects (like tables) cannot.  Alternatively, students may believe that the object with more of some obvious property will exert a greater force.  Teaching high-school students to seek consistent explanations for the "at rest" condition of an object can lead them to appreciate that both "active" and "passive" objects exert forces.  Showing high-school students that apparently rigid or supporting objects actually deform might also lead them to appreciate that both "active" and "passive" objects exert forces.  

Safety Note:

Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed.
Lesson time:
1 Day (1 day equals 55 Minutes)
Materials Needed:
· 2 meter sticks
· 1 Stopwatch

· 1 Large Piece of Graph Paper (for whole class display) [You can use a whiteboard or Smart/Promethean as long as you can plot points on it]
· ½ sheets of graph paper (for each student)

· Tape (Pre-lesson already on floor)

· Marker
· 2 different colored pencils
· 8-5.1A Object Motion Handout (1 for each student, see attached)
Focus Questions:
Why is it important to include the reference point when describing an object’s position?

Why is it important to include direction when describing an object’s position?
Engage: 
Preface the lesson by paraphrasing the lesson objectives/focus questions (which should be written on the board). 
Procedure:
1. Pass out 8-5.1A Object Motion Handout
2. Ask students to think about how they might describe the position of the dam to a person who was going to this lake.

3. Write their responses on chart paper
4. Tell students that they are going to complete a couple of activities that will help them determine if their description of the dam’s position is satisfactory.
Explore: 
1. Have students copy the following data table into their notebooks:

	Time (s)
	Distance From Student A*
	Distance From Student B*

	5
	
	

	10
	
	

	15
	
	

	20
	
	

	25
	
	


*Replace the “A” and “B” with the students’ names.

2. Ask for Four volunteers. The first volunteer will be the time caller. Have two volunteers (Students A & B – see data table above) stand on opposite sides of the room. You and the 4th volunteer stand between them. 
3. Tell the first volunteer to start the stopwatch and to call out the times in increments of 5 seconds (i.e. every 5 seconds say “5, 10, 15” etc…) for 25 seconds. [You may need to stop and start the stopwatch to keep up with the marking and movements below] – {since this is NOT speed data, it is OK to do here}
4. DO the following:

a. Stand still for the first 5 seconds – Have the 4th volunteer mark your position as “5s” (for 5 seconds)

b. Move very slowly for the next 5 seconds– Have the 4th volunteer mark your position as “10s”
c. Turn Around & Stand still for the next 5 seconds– Have the 4th volunteer mark your position “15s”
d. Move a little faster for the next 5 seconds – Have the 4th volunteer mark your position as “20s”

e. Stand Still for the next 5 Seconds - – Have the 4th volunteer mark your position as “25s”
5. Thank the timer and the marker and let them sit down.

6. Ask for 3 more volunteers.

7. Ask two of the volunteers to measure the distance in meters to the nearest decimeter (one decimal place) to the “5s” mark one from “Student A” and the other from “Student B” and to call out the measurement.

8. Have another volunteer record the distance in the table under the correct student.

9. Repeat steps 5 and 6 until the table is complete.

10. Have all students return to their seats – allow students just returning to seats to copy the data – ask the remaining students if they notice any patterns in the data (DO NOT comment on their remarks).

11. Pass out the ½ sheets of graph paper and the colored pencils.

12. Graph the data for student A in one color and the data for student B with the other - have the class follow along – talk them through each step below:

a. Place time on the x-axis be sure to label the axis with “time interval” and the unit = “seconds”, you can abbreviate seconds with “s”.

b. Mark off time on the x-axis in increments of 5 seconds – be sure to use majority of the graph paper.

c. Place distance on the y-axis be sure to label the axis with the variable = “distance” and the unit = “meters”, you can abbreviate meters with “m”.

d. Plot the points from Student A for all 5 times in one color.

e. Plot the points from Student B for all 5 times in anther color.

The graph might look like this:
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Explain: 
Procedure

1. Have students pair up or into groups of 3. And dialogue about the following questions: (Allow 5 minutes)
a. What is the object in the graph?

b. Why are there 2 lines for one object?

c. What are some similarities between the lines?
d. What are some differences between the lines?
2. Write the definition for reference point on the board (or display a slide with the definition).

3. Write the definition for direction on the board (or display a slide with the definition).

4. Have students dialogue further about the following questions:

a. How might reference point and direction be used to explain the graph?

b. Why is it important to include the reference point and direction when describing an object’s change in position?

c. By looking at the graph, when does the object (teacher) change direction?

5. Construct a class explanation of the graph which includes:

a. Why there are 2 lines. 

b. Use of the terms direction and reference point.

c. When the object (teacher) is changing direction.

d. An Example: The teacher is moving away from one student and toward another, therefore there are two reference points for the teacher and so there are two lines. You can tell on the graph between 15s and 20s the teacher changes direction because the direction of each line changes. 

Extend: 
1. Keep students in their current groups. 
2. Have students retrieve the map of the lake and the dam.
3. Ask them to dialogue about how they might use what they have just learned to make the map more useful. 

4. Bring out the chart from the beginning of the period and ask students if they need to make any changes to it.

5. Ask students how direction and reference point might be important when describing an object changing position like cars, planes, and planets.
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8-5.1 A Handout

Teaching Indicator 8-5.1: Lesson B – Motion and Forces: “Distance and Displacement”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the position and motion of an object relative to other objects. This lesson can also be used in conjunction with 8-1.3, 8-1.4 and 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. This lesson should be taught after Lesson 8-5.1A.
Safety note:

Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed.
Misconceptions:
Students might use the terms distance and displacement synonymously and as a result believe that the distance an object travels and its displacement are always the same. 
Lesson time:

1 Day (1 day equals 55 minutes)
Materials Needed: for each student
· 8-5.1B Student Sheet (see attached)
· Ruler (cm)
· 2 different colored pencils
Focus Question:

What is the difference between distance and displacement?
Engage: 
1. Remind students that they have already discovered why it is important to include direction when describing the position of an object. 
2. Ask them why it might be important to include direction when describing a change in an objects position? 

3. Chart the responses.
Explore: 
(Note: Students may need to review the concept of scale and scale drawings used as models)

1. Pair students. Place low level reading students with high level reading students. (Students do not need to be able to read the entire sheet to understand and use the information on it – be sure you are familiar enough with it to assist).

2. Pass out 8-5.1B Student Sheet.

3. Instruct students to work together to read and interpret the sheet – But to complete the drawing and measurements independently.

4. Have students compare drawings and answers:

a. Be sure to talk about:
i. Legend (the same or different – is there a better choice?)
ii. Scale (the same or different – is there a better choice?)
iii. The units for Distance and Displacement (they are the same: meters)
iv. Displacement also has direction (N, S, E or W or it may be between two of these for example: 20 m between south and west or 20m SW – students do NOT need to know this designation).

Explain: 
1. Have students join another group – there should be at least 4, but no more than 5 in every group.
2. Have students dialogue about the following questions:
v. What are you noticing about displacement and distance?

vi. What might be some examples of when you would want to use displacement instead of distance?
3. Have groups share out – chart their responses in the T-chart below:
	
	Distance
	Displacement

	Similarities
	
	

	Differences
	
	

	Examples of When you would use
	
	


*Keep this chart you will use it in later lessons

4. Have students share out to complete the chart. 
5. Have students copy it in their notebooks.

Extend: 
1. Call students attention to the chart. Ask if there are any edits or additions they would like to make. Make edits and/or additions.
2. Students may want to challenge each other by creating their own “mapping problem” (similar to the problem on 8-5.1 B Labsheet) for others to draw to scale. 

8-5.1B

Displacement & Distance

Student Sheet

Materials: 2 Colored pencils, notebook

Procedure:

1. In your science notebook, using one of the colored pencils, draw a scaled drawing of the path John takes to go the grocery store. Be sure to include a legend, with the scale you use and the direction of North. Label all places in John’s journey.
· John starts his journey from home.

· He then walks 10 meters east to Jessica’s house to drop off her iPod.
· He then turns and walks 7 meters north to Mark’s house. 

· John and Mark turn west and walk 5 meters to the grocery store. 
2. Use the other colored pencil to draw a line between the grocery store and John’s house.

3. Use the definitions, the ruler, your drawing and the example below, to measure John’s displacement and the distance he traveled. Record both in your science notebook. (Round to the nearest whole number.)
Definitions:

Distance is a measure between two locations and is measured along the actual path connecting them. 

It is a quantity that has magnitude (numerical size). In order to determine the distance an object moved, only the size and not the direction are added together. 

Displacement is a measure between two locations and is measured along the shortest path connecting them. 

It may or may not be the path actually connecting them. It is a quantity that has magnitude and direction. In order to determine the displacement of an object both the magnitude and the direction are added together. This math is beyond the scope of this course. 
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Example:
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To actually cross the Hudson River by car, you need to drive over a bridge. The map to the right shows the displacement and the distance of a car crossing the Hudson River (New York). According to the map the car’s displacement is 2.7km @ 366˚, while the distance it traveled is 14.5km. Notice the distance has only one part, the magnitude of 14.5km but, the displacement has two parts the magnitude of 2.7km and the direction of 366˚. 

8-5.1B Student Sheet Example Answer

Example Answer: (Have a slide or transparency of this ready in case students have difficulty)

Drawings will vary slightly depending upon where the student starts and the direction they choose as North.
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Teaching Indicator 8-5.1:  Lesson C – Force and Motion – “Graphing Speed”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. This lesson is designed to introduce the position and motion of an object relative to other objects. This lesson can also be used in conjunction with 8-1.3, 8-1.4 and 8-1.6. FOSS - Force and Motion or STC - Energy, Machines, and Motion kits provide an opportunity for conceptual development of the concepts within the standard. 
Prepare the FOCUS questions before you teach the lesson they can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage, activity or copied onto a transparency and used on an overhead. This lesson should be taught after Lesson 8-5.1B. Test drive the applet a day or two before you use it. This lesson can be adapted for groups or whole class. 
Misconceptions:
Students may believe that speed means fast.
Safety note:

Students should observe all lab safety procedures as well as school and district policies. Students should follow all school computer/computer lab procedures. There are no chemical or physical hazards present if proper laboratory behavior is observed.
Lesson time:
1 Day (1 day equals 55 minutes)
Materials Needed: 

Reserve Computer Lab or Media Center prior to lesson.

Computer Lab with NCTM: Graphing Runners Interactive Applet – website loaded onto the computers.
8-5.1C Graphing Speed Student Sheet
Focus Question:

What is speed?
Engage: 
 “How to Use the Applet” & “Making Observations” using the NCTM: Graphing Runners interactive applet.
Ensure all students can access the applet and are using a browser which allows them to manipulate.

Have them share out their answers to the questions in the Making Observations section.
Explore: 

 “Getting Started” using the NCTM: Graphing Runners interactive applet.
Have them revisit their answers in the Making Observations section to see if they want to add to or edit them.

Stop the class and discuss the evidence from the graph that supports the answer to the final question in the “Getting Started” section. 

Move to the next part only when the class has reached consensus on where in the graph the evidence can be found.

Explain: 
 “Matching Graphs” using the NCTM: Graphing Runners interactive applet
All students may not complete all 4 graphs – It is only necessary that the complete the first 2.
After 10 minutes call time and go over the questions.

Extend: 
 “Extension Questions” using the NCTM: Graphing Runners interactive applet
Do these together as a class.
Graphing Speed

Go to  http://standards.nctm.org/document/eexamples/chap5/5.2/index.htm#APPLET
How to use the Applet:

Using the buttons in the Gray Area:

· The Black Square is a reset button and will return the runners to their starting positions.

· The Black Arrow is a play button that allows you to view the runners moving until they reach their destinations.

· The Black Arrow with the horizontial line allows you to view the runners in slow motion.

· The Blue Arrows on either side of the “step size” allow you to alter the length of each runners step.

· The runner buttons (Both pink and blue) can be used to remove the runners from the race.

Using the bottons in the top White Area:

· The runners can be moved by using the mouse.

· You can change their direction by double clicking on them.

Making Observations:

1. In the next exercise we will only use one runner. 

2. In the Gray Area click one of the runners to remove from the race, and then set the step size to 1.

3. In the White area move the runner to the zero position (house) with the direction toward the tree.

4. Click Play. Look at the graph and observe the line. 

5. Click play again this time watch the runner.

6. Now set the step size to 2 and hit reset. 

7. Click play and observe the runner and the graph.

Questions:

a. How does changing the step size change the graph?

b. What happened to the time it takes the runner to reach the destination?

c. What does this tell you about the runner’s speed?

8. Set the step size back to 1. Clcik reset. Move the runner to the 100 position and change the runners’ direction to the house.  Clcik Play and observe the runner and the graph.

Question:

a. How does changing the runners direction change the graph?

9. Click reset. Place the runner in position 50 direction to tree. Click play observe the graph and runner. 

Question:

a. How does changing the runners starting position change the graph?

Getting Started:

1. In the White Area move each runner to the house at the zero position. Make sure that both runners are in the direction of the tree.

2. Hit the Play Arrow and observe the runners. You can hit the reset button and then play this as often as you need in order to answer the questions below:

a. How much time did it take the runners to reach the tree?


Blue Runner  ____      Pink Runner  ____ 

b. What is the position of both runners at beginning of the race? 


Blue Runner _____     Pink Runner _____ 

c. What was the position of both runners at the end of the race?


Blue Runner _____     Pink Runner _____ 

d. What is the total distance the Blue Runner ran?

e. Who won the race?

3. Change the step size for the pink runner  to 1. Hit play. Refer to the graph to answer the following questions:

a. What on the graph is the same for both runners?

b. What on the graph is different for both runners?

c. Who won the race? What evidence does the graph give you to support this answer?

Matching Graphs:

Match the graphs and record the settings used to match them and answer the questions.

Graph 1 MATCH:
	
	Blue Runner
	Pink Runner

	Step Size =
	
	

	Position =
	
	

	Direction =
	
	


At what time during the race are the runners at the same position?

How far do they run?

How much time does it take them?

Graph 2 MATCH:

	
	Blue Runner
	Pink Runner

	Step Size =
	
	

	Position =
	
	

	Direction =
	
	


At what time during the race are the runners at the same position?

How far do they run?

How much time does it take them?

Graph 3 MATCH:

	
	Blue Runner
	Pink Runner

	Step Size =
	
	

	Position =
	
	

	Direction =
	
	


At what time during the race are the runners at the same position?

How far do they run?

How much time does it take them?

Graph 4 MATCH:

	
	Blue Runner
	Pink Runner

	Step Size =
	
	

	Position =
	
	

	Direction =
	
	


At what time during the race are the runners at the same position?

How far do they run?

How much time does it take them?

Extension Questions:
Place the blue runner at position 75 in the direction of the house and the pink runner at position 20 in the direction of the tree.

1. What step sizes must you give each runner in order for each of them to reach their destinations in the same amount of time?

2. If they reach their destinations at the same time like in graph #4 above who wins the race?

3. If they tie, does that mean they were traveling at the same speed?

4. How might we check our answers?

Teacher Sheet: 

Making Observations:

1. Questions:

How does changing the step size change the graph? Students should noticce  that the slope of the line changes (it increases)

What happened to the time it takes the runner to reach the destination? Students should see that the time is cut in half i.e. the line ends at 50 instead of 100 … If stundets don’t see this ask them where the line ends.

What does this tell you about the runner’s speed? It has doubled if they notice that it has incerased ask them by how much (YOU can see this by resetting the setp size to 1 the time is 100 when the step size is 2 the time is 50) … It is ESSENTIAL that you point out that the DISTANCE the runner covers is the SAME!!!!

2. Question:

How does changing the runners direction change the graph?

3. Question:

How does changing the runners starting position change the graph?

Standard 8-5:  The student will demonstrate an understanding of the effects of forces on the motion of an object. (Physical Science)





Indicator 8-5.1:  Use measurement and time-distance graphs to represent the motion of an object in terms of its position, direction or speed.  





Other Standards and Indicators Addressed:


Standard 8 – 1: The student will demonstrate an understanding of technological design and scientific inquiry, including process skills, mathematical thinking, controlled investigative design and analysis, and problem solving.


Indicator 8-1.3: Construct explanations and conclusions from interpretations of data obtained during a controlled scientific investigation.


Indicator 8-1.4: Generate questions for further study on the basis of prior investigations.


Indicator 8-1.6: Use appropriate tools and instruments (including convex lenses, plane mirrors, color filters, prisms, and slinky springs) safely and accurately when conducting a controlled scientific investigation.
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