
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area: 
	 Fifth Grade Science

	Recommended Days of Instruction: 2
	(One day equals 45 minutes)

	Standard(s) addressed:  5.5

	Standard 5.5: The student will demonstrate an understanding of the nature of force and motion.

	Force and Motion

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	5-5.5 Use a graph to illustrate the motion of an object.

	SC Science Standards Support Document Resource List
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
SC ETV Streamline
http://etv.streamlinesc.org
TLC Elementary School: Rules of Motion and Forces

http://player.discoveryeducation.com/index.cfm?guidAssetId=4749C27E-315F-4DAB-919F-42178EFE698D&blnFromSearch=1&productcode=US
Facts About Forces (8 min.)—See how gravity and friction keep us grounded. 
Laws of Motion (6 min.)—In this segment, overcome inertia with Newton’s laws of motion. Rotation and Revolution (4 min.)  —Discover why a day is not 24 hours. 
How We Fly (3 min.)—Take to the skies and experience how we fly.
The Physics of Motion

http://player.discoveryeducation.com/index.cfm?guidAssetId=BF066729-9C83-4251-9CF3-446B288691DA&blnFromSearch=1&productcode=US
Learn about the physics of motion by analyzing roller coasters and observe other examples of forces and motion.
	See Science Module 5-5.5

	From the SC Science Support Document:

The objective of this indicator is to use a graph to illustrate the motion of an object; therefore, the primary focus of assessment should be to apply a procedure of using a graph to illustrate of the motion of objects.  However, appropriate assessments should also require students to identify from the shape of the segments of the line on a position versus time graph whether an object is moving or not; to compare objects, from the shape of the lines on position versus time graphs, for differences in their speed or motion. 




Fifth Grade
Science Module 

5-5.5
Using Graphs to Illustrate Motion
Lesson A 
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From the South Carolina Science Support Documents:
Indicator 5-5.5: Use a graph to illustrate the motion of an object.

Taxonomy level:  3.2-B, C   Apply Procedural and Conceptual Knowledge 

Previous/Future knowledge:  Students have not been introduced to the concept of using a graph to illustrate motion of an object in previous grades.  Students will further develop the concepts of graphing motion in 8th grade (8-5.1).

It is essential for students to construct a distance-time graph to illustrate the motion of an object. For example, given the following data collected from a moving object:

	Time (Sec)
	Distance

(Meters)

	0
	0

	1
	5

	2
	10

	3
	15

	4
	20

	5
	30

	6
	40

	7
	50

	8
	60

	9
	60

	10
	60

	11
	60
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Distance-Time Graph

To construct a distance-time graph, follow the correct procedures for producing a graph:

· Correct placement of dependent and independent variables (DRY-MIX)

· Correct labeling of the axes

· Title the graph

· Correct placement of intervals 

It is essential for students to interpret the motion of an object from studying a distance time graph, including:

· The total distance that the object has traveled after a certain amount of time

· The distance that the object travels during a particular time interval

· Determine if the object is moving or stationary during a particular time interval

· Compare the motion of the object during two time intervals (Based on the shape of the graph, is the object moving faster or slower?)

It is not essential for students to know how to construct the graph of time versus position from the data.  They must only interpret the graph at this grade level as illustrating speed, faster speed, slower speed, and stopped motion.    

Assessment Guidelines:

The objective of this indicator is to use a graph to illustrate the motion of an object; therefore, the primary focus of assessment should be to apply a procedure of using a graph to illustrate of the motion of objects.  However, appropriate assessments should also require students to infer from the shape of a distance time graph whether an object is moving or not; or compare distance-time graphs to determine which object is moving faster.

Teaching Indicator 5-5.5: Lesson A – “Using Graphs to Illustrate Motion ”
Instructional Considerations:

This lesson is an example of how a teacher might address the intent of this indicator. STC Motion and Design provides an opportunity for conceptual development of the concepts within the standard.

Preparation for the lesson:
1.
Make copies of work sheets (one for each student)
Misconceptions:
Most students have some misconceptions about graphing. Some of them are given below.

· They think that if the velocity is constant than acceleration is also constant. However, as we discussed before, if there is no change in velocity in other word if velocity is constant both in magnitude and direction than the acceleration is zero. 

· Another misconception is that if speed of the object is constant than acceleration is zero. As I mentioned before, speed only shows us the magnitude of the velocity. We can not ignore its direction. Thus, acceleration can be zero or not. There is only one option making acceleration zero when speed is constant. If the object does straight line motion with a constant speed then we say acceleration is zero. On the contrary if the object does circular motion with a constant speed we can not talk about zero acceleration. Because, in this situation the direction of the velocity is changing. 

· They think that if the object moves with a high speed then its acceleration is also high and if the object moves with a low velocity then the acceleration is also low. But, high velocity does not mean high acceleration. Acceleration can be high, low or zero in high velocities. It is only related to the change in velocity. If the change in velocity high then the acceleration will be high if the change in velocity is low then the acceleration is low. 

· Most of the students believe that if the acceleration is positive than the object speeds up, and if the acceleration is negative then the object is slowing down. We can not conclude the motion of the object just looking at its acceleration. We should consider the sign of the velocity while talking about whether it is speeding up or slowing down. If the acceleration is positive and velocity is also positive then we can say that object is speeding up in the positive direction. Moreover, if the acceleration is negative and velocity is also negative we say object is speeding up in negative direction. On the contrary if the velocity and acceleration has opposite directions such as acceleration is positive and velocity is negative or vice versa we say object is slowing down. In summary, to decide if the object is speeding up or slowing down we must look at both directions of the velocity and acceleration. 

· Sometimes negative acceleration makes confusion in students’ mind. This negative symbol has physical meaning. We use it to show the direction of the vector quantities. 

Safety Note(s):

Safety must be emphasized at the beginning of the school year and reinforced with every lab activity.  Students should understand that safety is everyone’s responsibility.

Lesson time:
1 day (1 day equals 45 minutes)
Materials Needed:
1. Work sheets (one for each student)

2. Student Notebooks

3. Three books for demonstration (as different as possible)

Focus Question: How can you use a graph to illustrate the motion of an object?
Engage:
1. Write a random collection of about 15 numbers on the board-- the more random, the better.  Any numbers will do but you may want to keep them between 0 – 30.  You may repeat some numbers.  Let the students think that you are deliberately copying these from some source.
2. Tell the students that you were looking at the notebook of a student from another class and you saw these numbers by themselves on a page.  

3. Tell them that you were confused and didn’t understand what they meant. Ask them if they could help tell you what the numbers are for.  (They may speculate on all kinds of things, but there is really no way to know what they really mean.)

4. Ask them to get together in their groups or pairs and create a list of information they might need to help them understand these numbers.  Ask them if there were any ways they know about to help them make the numbers easier to use.  Tell them to record their notes in their notebooks and that you will look at their notes later.
Explore:
1. Pick out three books of different sizes and display them for the class.  
a. Ask them what all three of these items have in common.  (Encourage them to list as many as they can as a class. They will pick out some obvious or not so obvious features such as they are all books, they are made of paper, they have words in them, they have some blue on the cover, they are used in school, etc.)  

b. Commend their effort and point out that some of the features were easy and obvious (They are books.), but other things they picked up were not so obvious (They all have some blue on the cover.)  
c. Tell them that they will be using this same thought process in the next exercise to analyze some graphs.
2. Distribute the “Graph Reading Exercise”.  Have the students work in groups to study the three graphs and generate a list (in their notebooks) of features that all three graphs have in common.  Tell them that some of the commonalities may be a little tricky to find.
3. When they are finished, develop a class list on the board or chart paper (you will want to save this list) of the commonalities.  If they leave out anything, you can add it to the class list. 
· All graphs have a title (it describes what the graph is about)

· Both sides (axes) are labeled (Point out that the label has both the “thing” you are measuring and the unit of measure)  

· The number intervals are uniform (show that they are logical counting numbers)

· In all three cases the Independent Variable (Manipulated Variable) is on the horizontal or X-axis.  Remember DRY MIX.
· All three have a line to describe the relationship between the time and the distance.

4. Go back now and compare their list from Engage with this list.  Discuss any similarities or differences.  Point out how important it is to put accurate information on a graph.
5. You may want to post your list for the remainder of this module.

Explain
1. Go over a fresh example (from the Support Guide) of a graph and chart by putting the example below on the board for discussion.  Lead them through how data gets from science measurements to a chart and finally to a graph.  This process helps scientists to get a better “picture” or understanding of what the data mean.

a. Point out the features of a correct data table including 

i. The placement of the independent variable in the left-hand column and the dependent variable in the right-hand column. 
ii. The label at the top of the columns that include the name of what you are measuring and the units you are using to measure it.

iii. A uniform scale for the independent (left-hand) column.
iv. A title that identifies where the data came from.

Movement of A Rubber-band Car

	Time (Sec)
	Distance

(Meters)

	0
	0

	1
	5

	2
	10

	3
	15

	4
	20

	5
	30

	6
	40

	7
	50

	8
	60

	9
	60

	10
	60

	11
	60


b. If you are comfortable with the process, use the data in the chart above to build a graph from scratch on the board.  If you are not that comfortable, just make a copy of the graph to go over with the students.  In either case, be sure to point out:

i. The placement of the independent variable on the x or horizontal axis.

ii. The placement of the dependent variable on the y or vertical axis.

iii. The correct labeling of both axes that include what is measured (the variables) and the units used in the measurements.

iv. A title that tells what the graph is all about.
         Movement of a Rubber-Band Car
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2. Now that they have reviewed the mechanics of the charts and graphs, help them to talk through what the line on the graph really means.  What is the pattern shown by this data?  
a. Ask them to help you interpret this graph by asking them to describe what happened here (the graph line) in words.  
b. Be sure to point out that: 
i. The car started going fast, it went from 0-60 meters (a little over ½ the length of a football field) in the first 8 seconds.

ii. After 8 seconds, it stopped moving.  It is just sitting there, 60 Meters from the starting point.

c. Draw a second straight line on this same graph that only goes from 0 to 30 in the 12-second interval.  This will be a much flatter line.

i. Ask if the car represented by this line is faster, slower or the same as the car represented by the first line? 
ii. Ask how they know?  (The second car is much slower because in 12 seconds it only goes 30 Meters while the first car went twice as far (60 Meters) in the same time.
d. Reinforce that one of the skills they will need to have from here on out (into high school and college) in their science education is the ability to make and interpret patterns in the numbers and graphs so it will help them to learn how to do this now.
Extend:
1. Tell them to get out the original Worksheet (“Graph Reading Exercise”).  

2. Have the get into pairs or groups and perform the tasks listed below.  They can write their ideas on the sheets if that will help them.

a. They should point out to each other the major features on each graph that they know now have to go on a correct graph.  They could use their chart or the class chart to help them.
b. Ask them to first explain in words and then to write in their notebooks what the graph is reveals about the relationship between time and distance. 
i. Graph 1: (notice that the car in this case only goes 12 centimeters (less than 5 inches) in the 9 seconds.  It seems to still be moving at the end of 9 seconds.)

ii. Graph 2: (The ball starts gaining speed until it gets to about 25 meters at which time it begins to roll backwards – the distance is getting less after 5-6 seconds.) Ask when does it begin to go backwards? (5 seconds)
iii. Graph 3: (The car moves along more-or-less constantly until about 25 meters and then it stops.  You can tell it stops because it does not gain any additional distance after 13 seconds.)
3. Ask them if they can decide which object (ball or car) in Graph 2 or 3 is moving faster.  (The ball in Graph 2 goes 25 meters in 5 seconds whereas the Car in Graph 3 only goes about 7 meters in 5 seconds.  The ball is the fastest.)
4. Ask them why we didn’t compare the car in Graph 1 with the other two?  (The distance units are different.  The car in Graph 1 only goes 7 Centimeters in 5 seconds. If we convert centimeters to meters, it only goes 0.07 meters – not even a 10th of a meter.)
Movement of a Rubber-Band Car


Graph Reading Exercise

Graph 1 – A wind-up car in a parking lot.
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Graph 2 – A ball being rolled up a small hill.
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Graph 3 – A battery-powered car in a parking lot.
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Standard 5-5: The student will demonstrate an understanding of the nature of force and motion.





Indicator 5-5.5:  Use a graph to illustrate the motion of an object.





Other indicators addressed:  


5-1.2	Identify independent (manipulated), dependent (responding), and controlled variables in an experiment.


5-1.5	Construct a line graph from recorded data with correct placement of independent (manipulated) and dependent (responding) variables.


5-1.6	Evaluate results of an investigation to formulate a valid conclusion based on evidence and communicate the findings of the evaluation in oral or written form.





�





�





�








December 2010
Science S³ Fifth Grade Module 5-5.5

1

