SPIRIT 2.0 Lesson: 
The Wheels on the Bot go Round and Round, Part II
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Science Topics: Measurement, Rate of Movement, Scientific Inquiry, Torque

Grade Level: 4th-8th 

Content (what is taught): 

· Relationship between wheel size, rate of movement, and torque

· Scientific inquiry 

Context (how it is taught):  Ideally, students will have already completed The Wheels on the Bot go Round and Round, Part I.  Students can start by discussing what they learned about the relationship between wheel size and speed.  They will discuss why larger diameter wheels permit a vehicle to go a greater speed than smaller wheels.  They will then create a hypothesis on whether wheel size will make a difference in how much weight a CEENbot can push, and if so, which wheel sizes will permit a heavier load to be pushed.  Students will then design and conduct an experiment to test their hypothesis
Activity Description: A small group of students will first discuss the relationship between wheel size, rate of movement, and ability to do work by pushing a load.  They will apply this to the CEENBoT and create a hypothesis on the CEENBoT’s wheel size and its ability to push a load., They will then create and conduct an experiment to test their hypotheses. 
Standards: 
· Math – D1, E1
Science – A1, A2
Technology – C1
Materials List: 

· CEENBoT

· Different sized drive wheels

· Large rubber bands 

· String

· Timer

· Tape Measure

· Masking Tape

· Tools to change the wheels on the CEENBoT (7/16 open end and deep socket wrenches

ASKING Questions: The Wheels on the Bot go Round and Round, Part II
Summary: :  Students will discuss the following question:  What, if any, relationship exists between different sized wheels/tires and the CEENBoT’s ability to move a load?
Outline:

· Ask students about different vehicles and the work they perform.  Have students think about the tire size on those vehicles and whether or not that size has anything to do with its ability to move a load.

· Ask students to hypothesize what kind of load the CEENBoT can move with its existing tires.  What about larger tires?  Smaller tires?
Activity:  Ask the following questions:

	Questions
	Possible Answers

	What are some different vehicles you’ve seen around town?  What kind of work do they perform?
	Cement Truck-transports, mixes, and pours cement

Tractors-Various tasks

Dump Truck-transports garbage, dumps garbage at the dump

Crane-lifts heavy objects from one location to another

	What are some sample rates of motion?
	1 foot/second, 10 mm/minute, 1 gallon/hour, etc.

	What do rates have in common?
	The denominator is always 1

	Scenario 1:  A tortoise and a hare were having a race.  What would be an appropriate rate of motion for the tortoise?  The hare?
	Accept reasonable answers.

	Scenario 2:  A 2009 Mustang and a 1970 Mustang were having a race.  What would be an appropriate rate of speed for each car?
	Accept reasonable answers.

	Scenario 3:  Tiger Woods is playing golf with a 7th grade student who won a contest.  They both tee-off on the first hole.  What would estimate the speed of each person’s ball to be?
	Accept reasonable answers.
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EXPLORING Concepts: The Wheels on the Bot go Round and Round, Part II
Summary:  Students will experimentally explore the relationship between tire size and the CEENBoT’s ability to move a load.
Outline: 

· In The Wheels on the Bot go Round and Round, Part I, students learned larger wheels were found to permit greater speeds by the Bot.  Have students discuss the following questions:

· 1) Why are larger tires not routinely placed on vehicles? 

· 2) Will different sized tires affect the CEENbot’s ability to move a load?

· Students will experimentally determine whether a relationship exists between wheel size and the CEENBoT’s ability to move a load.
Activity: The experiments conducted by the students are expected to include these aspects:

· Repeated trials with the CEENBoT pushing increasingly heavy loads until it can no longer move it forward. 

· Repeating the above process with different sized wheels/tires.

· Students discuss the relationship between wheel size and the ability to move a load.

A class table can be constructed so that data can be analyzed.

Wheel Size:________
	Trial
	Weight of Load
	Time
	Notes

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Wheel Size:________
	Trial
	Weight of Load
	Time
	Notes

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	


Worksheet:  Helpful Hints

[image: image3.png]



INSTRUCTING Concepts: The Wheels on the Bot go Round and Round, Part II

Scientific Inquiry

Scientific Inquiry Process

Scientific Inquiry is a very systematic processes that scientist use to understand phenomena that are present in the world.  The process must be followed exactly without any deviation or any results that are obtained might not be valid.  There are six basic steps to the scientific inquiry process.

Step One:  Ask a question.

In this step you ask a question that you want answered about something that you have observed.  If scientific inquiry is to provide an answer, the question must be framed in such a way that it can be measured preferably with a number. 

Step Two:  Make a set of observations regarding the phenomenon being studied.

The scientist will observe the phenomenon that is being studied without out any bias.  It is important that the phenomena be researched in addition to observing it so that past information will be noted and past mistakes will not be repeated.

Step Three: Form a hypothesis that might explain the observations.

The hypothesis should be framed in a format like “If I do this, then this will happen”.  This hypothesis must be measurable and should help you answer your original question.

Step Four: Test your hypothesis by doing an experiment.

You will conduct an experiment that will prove your hypothesis true or false.  It is important that the experiment be unbiased and fair.  To do this you can only change one variable at a time and keep everything else the same.  Doing this insures that any change observed will be as a result of your experiment and not some other factor.

Step Five:  Analyze your data and draw conclusions.

Once your experiment is done you need to analyze your measurements and see if your hypothesis is true or false.  If your hypothesis is false (a common occurrence), you should start the entire process again with a new hypothesis.  Even if you find your hypothesis to be true you may want to devise another experiment to test your hypothesis again.  Multiple experiments that validate your hypothesis make your conclusion stronger.

Step Six: Communicate your results.

If your hypothesis stands up to multiple tests you should report your results in a final report.  This might take the form of a journal article in a professional or scientific journal.

ORGANIZING Learning:  The Wheels on the Bot go Round and Round, Part II
Summary: Students will create a hypothesis on how the CEENBoT’s wheel size affects its ability to push a load.  Students will record their findings and explain the results using a scientific process form.
Outline: 

· A scientific process form is completed by each group (or individually).
Activity: Students will complete the scientific inquiry form, which includes the steps of the scientific process.  Possible answers are listed in red. 

1. Name the problem or question (Does the size of the CEENBoT’s wheels affect it’s ability to push a load?)
2. Form an educated guess (hypothesis) of the cause of the problem and make predictions based upon the hypothesis (As the wheels on the CEENBoT get smaller, it is able to push less of a load.)
3. Test your hypothesis by doing an experiment or study (with proper controls) list needed materials.  (same robot, same distance traveled on the same surface, same number of trials conducted, same amount of weight being pushed, etc.)
4. Check and interpret your results (Check calculations with a calculator, graph the data if appropriate, interpret the data)
5. Report your results (After conducting my trials, I have found my hypothesis to be _______ (true or false))
The students work together to determine the amount of weight the Bot can move with different sizes of drive wheels.
The students then complete the last two questions on the scientific inquiry form.
Worksheets:  Scientific Process and Helpful Hints
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UNDERSTANDING Learning: The Wheels on the Bot go Round and Round, Part II

Summary: Students will report the results from their scientific inquiry.

Outline:

· Formative assessment of scientific inquiry

· Summative assessment of scientific inquiry

Activity: Students will learn that smaller wheels permit the CEENBoT to move greater loads than do larger wheels.  This is understandable when the question is considered more deeply: The same amount of force has to move the wheel one turn in each case.  There is, on average, less force available for every part of the turn with a larger wheel.  They can also experimentally determine this by trying to stop a moving axle versus stopping the wheel attached to the axle.  This would be a great time to bring in a ten-speed bicycle and examine the gears.  The relationship between the sizes of the sprockets on the front of the derailleur vs. the back have a huge impact on the amount of force needed to turn the wheels and the speed of the back tire.

Formative Assessment:  As students are engaged in the lesson, ask these or similar questions:

1) Are students able to formulate a question for the scientific inquiry?

2) Are students able to formulate a testable hypothesis?

Summative Assessment:  The scientific inquiry forms should be collected and scored for each step of the

scientific process.  Scientific process rubrics can be found online at www.google.com by typing in 

‘rubric for scientific process’.
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