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Title of Session:  Gravity on a Roll! 

How can we describe motion and changes in motion? 

 

Materials: 

Engage: 

(Whole group) 

 Walking Directions Graphs 

Explore: 

(Each team of four) 

 Marbles 

 Masking tape 

 Three sections of track 

 Five-foot narrow board 

 Metric measuring tape (centimeters) 

 Meter stick 

Extend: 

(Demonstration – whole group) 

 Box of paperclips 

 String about 160 cm long with washers tied onto the string every 20 cm. 

 String about 160 cm long with washers or nuts tied onto the string at 4 cm, 13 (4 +9) cm, 29 (13 + 16) 

cm, 54 (29 + 25) cm, 90 (54 + 36) cm, 139 (90 + 49) cm. 

Evaluate: 

(Whole group) 

 NSTA Science Object, Force and Motion: Position and Motion – Rollercoaster Simulation 

The NSTA Learning Center 

(http://learningcenter.nsta.org/search.aspx?action=browse&product=object) 

 

Overview and Rationale: 

This session provides participants experiences that reinforce or deepen their understanding of motion and 

changes in motion.  The terms speed and velocity are explored through experiences, leading participants to 

construct an understanding of acceleration.  The participants will observe and experiment with net forces 

changing the motion of objects.   

 

Science Standards: 

 Unifying concepts and processes in science – Evidence, models, and explanation 

 Science as inquiry – Understanding of scientific concepts 

 Physical science – Forces and motions; position and motion of objects 

 Science and technology – abilities of technological design 

 

Science Process Skills: 

 Observing 

 Inferring 

 Measuring 

 Communicating 

 Predicting 
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Mathematics Standards: 

 Reasoning and proof 

 Problem solving 

 Communication 

 Connections 

 Representation 

 

Key Vocabulary and Terms to Develop and Use: 

Acceleration:  any change in velocity; a change in direction and/or speed 

Force:  a push or pull on an object 

Net force:  the sum of all forces acting on an object, taking into account both magnitude and direction of the 

forces 

Speed:  how fast something is going, measured by the distance traveled divided by the time to travel that 

distance 

 Average speed:  calculated speed over a set distance and time 

 Instantaneous speed:  speed at a particular time 

Vectors:  arrows that can represent forces; the magnitude (length of the arrow) and direction of the force can be 

represented by a vector.   

Velocity:  the speed and direction something is moving 

 

Related Terms: 

Friction:  the rubbing between the ball and the floor; an opposing force. 

Inertia:  the tendency of an object to remain in its current state of motion or rest. 
Reference:  William C. Robertson.  (2002). Stop Faking It!  NSTA Press:  Arlington, VA. 

 

Engage: 

Refer to the graphs from “Walking Directions” to review the concepts of speed and velocity. 

Speed is defined as how fast something is going.  This is measured by the distance traveled divided by the time 

it takes to travel that distance.  Velocity not only describes how fast something is going, but includes the 

direction it’s going.  These graphs represent distance traveled over a set time.   

 

Use these questions to guide your discussion: 

 What do these graphs represent? 

 Do these graphs indicate only the distance traveled during a set time?  If so, they represent speed.  

 Do these graphs indicate the direction of the movement?  If so, they represent velocity. 

 Is there any place along the graph where it is clear that the person’s speed was changing?  What 

evidence supports this?  

 Is there any place along the graph where the person changed direction?  What evidence supports this? 

 

The speed at a particular time is called instantaneous speed.  Average speed is a calculated speed, comparing a 

set distance over a set time.  Use the graphs to compare the terms instantaneous speed and average speed. 

 

Explore: 

Two different “Explore” experiences help participants deepen their understanding of speed, velocity and 

acceleration. 
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Experience One: Marble Play 

1.  Each team (groups of four) will use masking tape to mark a one-meter distance on their table.   

2.  Give each team several marbles.  Ask the team to experiment with the marbles, rolling them across the table 

for the one-meter distance.  Encourage the group to vary the speed with which they roll the marbles.   

3.  Ask the teams to time how long it takes one marble to travel one meter.  Use the count of one thousand one, 

one thousand two to count seconds.  Ask the team to draw, describe and measure the action of the marble.  

Suggest that the team create an appropriate chart to record this data.   

4.  Use these questions to guide exploration: 

 Describe what the marble is doing.  

 What direction is the marble moving? 

 How fast is the marble moving? 

 What measurements are needed to describe the marble’s movement? 

5.  Ask participants to roll the marbles over a carpeted area, or an area with greater friction.   

 Friction is an opposing force, in this case the rubbing between the marble and the carpet. 

6.  What happens to the speed of the marbles? 

7.   Ask the teams to continue to play with the marbles, changing their direction and speed. 

8.   Challenge the teams to try to change the marbles directions, while holding the speed constant. 

9.  As a class, use the group’s experiences to reinforce the definition of these terms: 

 Speed -- how fast something is going 

o Instantaneous speed -- the speed at a particular instant 

o Average speed -- a calculated speed, comparing a set distance over a set time 

 Velocity -- how fast something is going, including the direction it’s going 

10. Introduce the equation for calculating speed: 

 speed = distance traveled/time 

12. As a class, discuss how these experiences are examples of acceleration.   

 Acceleration is ANY change in speed or direction.  Be sure to eliminate the term “deceleration” when 

describing a change that indicates reducing speed.  In the world of physics, acceleration describes any 

change in speed, an increase or decrease in speed. 

13.  Introduce the equation for calculating acceleration: 

 acceleration = change in speed/time it took for this change 

 

Experience Two: Marble in Motion 

In this experience, the same angle of the track and the same marble are used as constants. 

 

1. Participants are grouped in teams of four and assigned different roles. 

Roles: 

 Materials Manager/Marble Holder: person who gathers and returns materials; person who will hold the 

marble at the top of the ramp and release it 

 Coordinator/Distance Marker: person who keeps the group focused and on task; person who will use a 

finger to mark the position of the marble at a particular time interval 

 Measurer/Distance Marker: person who measures the total distance; person who will use a finger to 

mark the position of the marble at a particular time interval 
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 Recorder/Timer: person who records the data; person who calls out one-second time intervals.  Time 

will be measured by counting one thousand one, one thousand two, one thousand three, etc. 

2.  Ask the Materials Manager to gather:  three plain pieces of track, a four-foot board, a marble, metric tape or 

meter stick. 

3. Prop one end of the track on several binders so that the ramp is at a height of 4-6 cm.   Measure from the 

floor to the bottom of the track.  Use the four-foot board to prop up the track to create an inclined plane.  It must 

take at least three seconds for the marble to travel the length of the inclined plane.  Adjust the height of the 

track, if necessary.  Tape the metric tape or lay the meter stick along the track.   

4.  Use one group’s set-up to model how the marbles roll down the ramp and how participants mark the distance 

the marble travels each second. ***For consistency of data, it’s important that all set-ups are positioned at the 

same height. 

5.  Model how to release the marble.  The marble holder in each group will hold the marble at the top of the 

ramp.  This position is zero. 

6. Assign time intervals to the Distance Markers.  The distance the marbles travel for each second needs to be 

recorded. 

7.  As soon as the marble is released, the Timer calls out one-second intervals counting one thousand one, one 

thousand two, etc. until the marble leaves the ramp. 

8.  Instruct each Distance Marker to mark the position of the marble with a finger when his or her assigned time 

interval is called out. 

9.  Measure the distance from the zero point to each mark denoted by the Distance Markers and record this 

information in a T-table.  Record claims and evidence. Questions to consider:  Is the marble traveling an equal 

distance for equal time?  What force is changing the marble’s motion? 

10.  Repeat this procedure at least five times.   

11.  Based upon what you’ve learned through the “What’s Typical” experience, determine which measure of 

central tendency and which type of graph is best to display the data you’ve collected.  Discuss: 

 how the data was collected and whether you should calculate the mean, median or mode; 

 how the group should represent each of the points. 

12.  As a class, determine the measure of central tendency to use.  Post the data to a class chart. 

13.  Does the marble travel the same distance each second?  Is the marble traveling at a constant speed? What 

does the graph tell us about the acceleration of the marble? 

14.  Discuss observations.  When you release the marble at the top of the incline, it begins to roll forward.  As it 

continues to roll down the incline, the marble covers a greater and greater distance in the same time interval.  

The marble is speeding up.  Because the speed is changing, the marble is accelerating.  When you compare the 

speed for each time interval, you’ll see that there’s a constant increase in speed as the marble travels further 

down the track.  The force of gravity causes the marble to roll at a “constant acceleration.” 

 

Explain: 

1.  Refer to both “Explore” experiences to review the terms speed and velocity.   

2.  How do you know that the marble is accelerating? 

3.  What causes acceleration? 

4.  Integrate the data that was gathered in the “Explore” section into your explanation. 

 

Extend:   

Historically, Galileo Galilei (1564 – 1642) is noted as one of the first to experiment with falling objects.  

Aristotle believed that the speed of any object was proportional to its weight.  Galileo tested this hypothesis 

through experimentation. 
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As the story goes, Galileo invited colleagues to come and watch him drop objects from the Leaning Tower of 

Pisa.  It is reported that Galileo climbed to the top of the tower and dropped two iron balls, one about ten times 

heavier than the other. 

 

The balls appeared to land at the same time, though modern-day experimentation would support that they didn’t 

really land at exactly the same time.   

 

Over a shorter distance, however, objects of different weight accelerate at the same rate. 

 

Test this out: 

1.  Hold a box of paperclips in one hand and a single paperclip in the other. 

2.  Ask participants which will hit the ground first? As the paperclips fall, are they traveling at the same speed 

the entire time they’re falling? 

3.  The box of paperclips and the single paperclip fall to the ground at the same speed and both hit the group 

pretty much at the same time.  But, the longer they fall, the faster they travel.  Their speed increases.  They are 

accelerating.  Gravity is causing them to fall faster, the longer they fall.  This is called “acceleration due to 

gravity.” 

4.  David Scott, Apollo 15 astronaut, performed a similar experiment on the Moon.  Captured on television, 

Scott dropped his geology hammer and a feather at the same time.  The Moon has almost no atmosphere and 

only 1/6 Earth’s gravity, so they both fell slower than they would on Earth.  But, both appeared to hit the 

surface of the Moon at the same time.  You can see a video clip of these experiment here … 

http://www.youtube.com/watch?v=PE81zGhnb0w 

5.  In later years, Galileo experimented with “acceleration due to gravity” by rolling a ball down an inclined 

board.  He pulled several taut horizontal wires across the board to make the ball sound a “click” whenever it 

jumped over one of them.  Galileo moved the wires up and down the board, until the clicks sounded evenly 

spaced.  Compare what you observed with the marbles and ramp to Galileo’s experiment.   

 

 

http://www-istp.gsfc.nasa.gov/stargaze/Sfall.htm 

 

 

 

6.  “Weights on a String” is similar to Galileo’s experiment.  Two strings are prepared in advance of this 

demonstration (see Materials).  Begin with the string that has the weights tied on at even intervals.  Hold up the 

string of weights, so that only the bottom weight is resting on the ground.  Ask participants to close their eyes 

and listen to the sound of the weights hitting the floor as you let go of the string.  

 7.  Ask participants to describe what they hear. The “clack” of the weights hitting the floor should speed up.  

The longer the distance, the faster the weight is falling. So, when the first weight hits the floor, all of the 

weights have been falling the same total time and all are thus traveling at the same speed. The weights above 

that first one, however, are under the influence of gravity for a longer time than the first one, so they continue to 

speed up. Each successive weight falls faster than the one that hit the floor before it. This makes the weights 

“catch up” with the weights below it, leading to shorter and shorter time intervals between the hitting of the 

weights on the floor. How does what you hear reflect the change in speed you observed with the marbles and 

the ramp? 

http://www.youtube.com/watch?v=PE81zGhnb0w
http://www-istp.gsfc.nasa.gov/stargaze/Sfall.htm
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8.  Drop the string with the weights spaced at unequal intervals.  Based upon sound alone, what can participants 

infer about the change in velocity as the strings are dropped? These weights are spaced to account for the 

increase in speed as the weights fall. 

9.  How does this demonstration provide evidence for “acceleration due to gravity?” 

10.  Follow this link, http://www.teachersdomain.org/resource/phy03.sci.phys.mfw.galileoplane/, to find a video 

segment housed at Teacher Domain that accompanies this experience.  You’ll need to sign up for a free account 

at Teacher Domain to access this link. 

 

 

 

 

http://www.teachersdomain.org/resource/phy03.sci.phys.mfw.galileoplane/
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Evaluate: 

1.  Use the NSTA Science Object, Force and Motion: Position and Motion to review and assess an 

understanding of speed, velocity and acceleration.  This Science Object can be found at the NSTA Learning 

Center:http://learningcenter.nsta.org/search.aspx?action=browse&product=object 

2.  Use the “Motion Related to Speed” roller coaster animation to check for an understanding of speed, velocity 

and acceleration.  Be sure you use all of the data (speed is shown in mph and vectors) to help with observations. 

These questions may guide your discussion:   

 Describe the change in speed as the roller coaster passes through the six zones. 

 When is the rollercoaster traveling at a constant speed?  During this time, is the roller coaster 

accelerating? (Possibly.  Even if an object’s speed isn’t changing, it can accelerate due to a change in 

direction.) 

 Describe any time the roller coaster changes direction.   

 When is the rollercoaster accelerating most?  How is this indicated by the vector? (The greatest 

acceleration will be due to the greatest change in speed AND direction). 

 When is acceleration zero?  (Acceleration is zero any time the roller coaster is moving in a straight line 

(no change in direction) at a constant speed (no change in speed). 

 Where is the rollercoaster decelerating? (Trick question.  No where.  Acceleration is the term used for 

ANY change in direction or speed.) 

 What do you wonder now about acceleration and acceleration due to gravity? 

 

Resources: 

William C. Robertson.  (2002). Stop Faking It!  NSTA Press:  Arlington, VA.  ISBN:  0-87355-209-1 

 

Beverley A.P. Taylor, James Poth, Dwight J. Portman. (1995). Teaching Physics with Toys.  Terrific Science 

Press:  Middletown, Ohio.  ISBN:  1 – 883822-31-9 

 

AIMS Education Foundation.  (1992). Historical Connections in Mathematics Volume 1   
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