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My Speedy TekBot!

Educational Robotics

SPIRIT Lesson Building Block Template

Author: 
Peggy Madsen

Grade: 
Targeted at Grade 8 

Date: 

July 20, 2006

Problem Context: How does the angle of a ramp and various ramp surfaces impact the Tekbot's speed up a ramp?  

About SPIRIT Lessons:  This is a sample Lesson developed within the SPIRIT Project to help students examine mathematics concepts related to angles, speed, and graphing. SPIRIT lessons are currently in "building block’ format, which is in essence an educational activity that might be later turned into a more formal classroom lesson by a creative teacher. These SPIRIT “lesson building blocks” will soon be up on the web for the potential use of teachers as they try to prepare more formal educational lessons using the TekBot robotics platform.
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I. Concepts Covered 
Mathematics
• Measuring Angles

• Speed Related Formulas

• Graphing Coordinates 

• Data Tables

Science

• Speed

• Friction

• Recording Observations

• Conducting an Investigation

II. Applicable Standards

Mathematics: 

1) Measurement Standard for Grade 6-8: 

Instructional programs from pre-kindergarten through grade 12 should enable all students to: Apply appropriate techniques, tools, and formulas to determine measurements.

2) Data Analysis and Probability Standard for Grade 6-8: 

Instructional programs from pre-kindergarten through grade 12 should enable all students to: Formulate questions that can be addressed with data and collect, organize, and display relevant data to answer them. 

Science:
3) CONTENT STANDARD A: SCIENCE AS INQUIRY

A1. Abilities necessary to do scientific inquiry:

. Identify questions that can be answered through scientific investigations.

. Design and conduct a scientific investigation.

. Use appropriate tools and techniques to gather, analyze, and interpret data.

. Develop descriptions, explanations, predictions, and models using evidence.

    
. Recognize and analyze alternative explanations and predictions.

   
. Communicate scientific procedures and explanations.

    
. Use mathematics in all aspects of scientific inquiry. 

A2. Understanding about scientific inquiry:

. Mathematics is important in all aspects of scientific inquiry.

. Technology used to gather data enhances accuracy and allows scientists to   

  analyze and quantify results of investigations.

4) CONTENT STANDARD E: SCIENCE AND TECHNOLOGY

E1. Abilities of technological design:

. Implement a proposed design.

E2. Understanding about science and technology:

. Scientific inquiry and technological design have similarities and differences.

    
. Many different people in different cultures have made and continue to make 

      
  contributions to science and technology.

   
. Science and technology are reciprocal.

    
. Perfectly designed solutions do not exist.

    
. Technological designs have constraints.

    
. Technological solutions have intended benefits and unintended consequences.

III. Learning Activity Context (Description of the Learning Activity)

Context:  X Moving TekBot   __Building a TekBot   __ Programming a TekBot

Description: Students will use a completed TekBot to fulfill the requirements of this lesson. The TekBot will run up several types of ramps. Time and distance covered will be recorded and speed computed. Once the trials have been completed, the data results will be graphed.

IV. Teacher and Student Suggestions/Tips 
One ramp will be plain wood while the others may be covered with a variety of surfaces.   Some examples could be newspaper, “artificial grass”, indoor/outdoor flooring or other surfaces of your choosing.  

For an extension, wheels on the TekBot can also be modified to produce additional results for graphing. Modifications to wheels may include covering the wheel with a strip of plastic wrap to lessen friction, a stair tread strip or strip of sand paper to increase friction, or rubber bands or a long balloon (fastened around the wheel) to more closely resemble a rubber tire. Using the formula Rate = Distance / Time (or of course Distance = Rate x Time) is an excellent way for students to begin learning how to graph a one variable equation. If students have not already built a TekBot of their own to use, one would need to be provided for the testing.

Also, a quick note on the difference between "speed" and "velocity".  A relatively basic explanation is that speed tells how fast something is going, and velocity tells how fast it is going and in what direction.  Since in this lesson we are always moving up the ramp, we simply use the word "speed".
V. Teacher Questions (A list of questions that teachers might ask students)

The following is a list of questions that the teacher might ask the students as they are undertaking the activity, to help guide their inquiry and problem solving.  Some possible answers are at the end of the lesson.
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What happens when you change the angle of the ramps? According to the graphs, the TekBot slows down (and eventually stops.) 

2. What difference did the surface of the ramp make?  The amount of friction available to the TekBot depends on the surface of the ramp.  Slippery slopes will "stall" the TekBot more quickly than a normal surface .

3. What happened when you modified the wheels? Changing the contact surface of the tires to something with less traction may cause the TekBot to stop on the ramp.  As the ‘coefficient of friction’ becomes less, the Tekbot will be unable to move up the ramp. The TekBot wheels will spin and be unable to move the TekBot forward.
4. How might this type of information be used when engineers design new automobile tires?  Engineers study tire composition and tread patterns to find the most efficient ‘grip’ for a given application.  Soft, pliant tires might be fine for NASCAR but not for the family automobile.  The soft, pliant tires will wear much faster than a commercial truck tire.
5. If you were to design an automobile today, what would this information do for you in the decision making process?  You would want to know the situations and conditions for the tire operation.  Is the vehicle designed for hilly, rough terrain (as with a Jeep and also considering road clearance, etc) or designed for high speed Interstate travel (such as with a new Jaguar.) 

6. Could we have negative values for speed on our graphs and in the resulting data? Explain why or why not.  Speed is never negative, but velocity can be, since it also represents direction.  If we let the ramp be a number line, the TekBot could possibly slide downhill backwards and therefore be considered to have a negative velocity, since we are now also interested in direction.
7. Did your data produce a straight line on your graph or what type of line resulted from the graphed data?  In this situation, straight lines were likely produced in the graphs except in interesting circumstances – when the TekBot’s speed became zero during the negotiation of the ramp, when the TekBot falls off the ramp, etc.  

VI. Recording Data Ideas 
Rubric grading is recommended for the activity to encourage students to show how they record their data. The lesson could be assessed by evaluating each graph to insure that the testing was complete and that the results were documented accurately. Graphs with prominent variances or outliers in the data should be analyzed to determine the cause(s) of these variances.

Although the graphs can be used with either standard or metric measurement, the use of metric measurement is recommended. Ramps should be at least 2 feet long (0.60 meters), preferably 3 feet (1 meter). This gives students the time to catch the TekBot before it falls off the end of the ramp.  Mark off a 1 foot (0.30 meter) interval toward the middle of the ramp to provide a useful distance constant in the equation R x T= D. This will enable students to fill in the time variable and calculate the rate. Use a stop watch to measure the time required for the TekBot to cross the 1 foot (0.30 meter) interval.
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Above is a movie image of a TekBot on an inclined ramp.  The robot has nearly reached equilibrium between the frictional force from the wheels and the parallel force of gravity.  Is it possible to increase the frictional force of the robot’s tires to the ramp surface?

Here is a link to a movie of the TekBot moving on the inclined ramp.

It can also be accessed at  http://ois.unomaha.edu/spirit/evaluation/bot_friction.mov 

VII. Materials:

TekBot

Ramps 

Stopwatch 

Rubber bands

Balloons

Plastic Wrap

Sand paper

Stair tread 

Pencil/Pen

Notebook

Data Sheet

Rubric (optional)

Graph paper

Meter Stick

VIII. Student Templates or Worksheets:

Data Documentation

This table or something similar is a useful way for the students to organize their data and record the various trials. 

	Angle Of Ramp
	Height of Ramp
	Distance Covered
	Time
	Speed
	Ramp Surface

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Graphing

This graph is a useful way for the students to graph their data, once they have completed a set of trials.  
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IX.  Expected Results

Speed versus Height

The distance and time of the TekBot are measured as it goes up the ramp. The ramp has a constant length, only the height of the incline is changed. The speed of the TekBot is calculated using the formula: Rate = Distance / Time.

Electric motor theory predicts that the graph of speed verses height should be linear. This assumes there is enough frictional force between the wheels and the ramp to reach the maximum torque of the electric motors that drive the wheels. The expected data table and graph are shown below.
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	Height
	Speed

	(m)
	(m/s)

	0.00
	1.0

	0.05
	0.8

	0.10
	0.6

	0.15
	0.4

	0.20
	0.2

	0.25
	0.0


Speed verses Angle

The angle of the ramp can be used as the independent variable instead of height. The angle could be measured directly or calculated using the formula: angle = sin-1(height / length). Since the angle and height have nearly a linear relationship for angles less than 30 degrees, a nearly linear graph is obtained when the angle is used as the independent variable. The expected table and graph are shown below.
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	Angle
	Speed

	(deg)
	(m/s)

	0.0
	1.0

	2.9
	0.8

	5.7
	0.6

	8.6
	0.4

	11.5
	0.2

	14.5
	0.0


Frictional Force

In most cases the frictional force will not provide the maximum torque the TekBot wheel motors can supply. The wheels begin to slip as the height or angle of the incline is increased. The slipping occurs when the parallel weight component of the TekBot exceeds the frictional force of the ramp on the wheels. As the frictional force limit is reached, the speed of the Tekbot will drop to zero (as shown in previous movie clip). Slipping will occur at different angles depending on the amount a frictional force. The expected data table and graph are shown below assuming the wheels begin to slip at 10 degrees.
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	Angle
	Speed

	(deg)
	(m/s)

	0.0
	1.0

	2.9
	0.8

	5.7
	0.6

	8.6
	0.4

	10.0
	0.1

	14.5
	0.0


Some Formative Assessment Questions:  

When seeking some formative assessment for student learning, it may be useful to ask yourself or your students a few questions.  Were the students able to apply the D = R x T formula and solve for speed?  How successful were they in finding an improved frictional situation for the TekBot tires?   How did they calculate the angle of the ramp? Did they try to identify the angle in which the speed of the TekBot dropped to zero? Can they explain what speed is to you?  Did they try to find a combination of wheels and ramp surface to provide the best performance for the TekBot?

 X.  Additional Links

http://www.bbc.co.uk/schools/scienceclips/ages/8_9/friction_whatnext.shtml
A website that deals with friction and explores it through a series of games.

http://www.fearofphysics.com/Friction/frintro.html
Another friction website that gives a straight forward answer to what friction is and also uses a game to illustrate it.

http://www.mathleague.com/help/geometry/angles.htm
This website gives definition and terms to angles, plus has illustrations to show what the angles look like.
