SPIRIT 2.0 Lesson: 

BLACK OUT

==========================Lesson Header ==========================

Lesson Title: Black Out

Draft Date: June 4, 2010                                            
1st Author (Writer):  Rick Carter 

Instructional Component Used: Mathematics, Data Analysis

Grade Level: High School

Content (what is taught): 

· Mean, outliers 

· Linear regression, best fit lines

Context (how it is taught):

· Data is collected for several runs
· Data is plotted
· Scatter Plot
Activity Description:

In this lesson the students will investigate what will happen when a portion of the solar panel of a solar car is blacked out (or covered by an opaque material). They will record the time it takes the car to cover a fixed distance for various alterations of the solar panel.  First, they would run the car with no alterations.  Next students will gradually black out more of the solar panel, possibly one-eighth of the area at a time until the car would no longer run.  For each condition, the participants would do a minimum of 4 runs and find the mean of the times, throwing out any outliers.  

Standards:

Science:  SA1, SA2
Engineering: EA1
Math: ME1, ME2, ME3
Materials List: 

· Solar Car

· Stop Watch

· Tape Measure

· Student Data Sheet
· Masking Tape

Asking Questions: (Black Out)
Summary:  Students will experiment with the solar car and learn its capabilities.  The teacher will create or point out when things happen that directly affect the car’s motion (bumps, hills, walls, etc.)  Students will then think about what defines a “good” run vs. a “bad” run.

Outline: 

· Students/Teacher will demonstrate driving the Solar Car

· Students will think about difficulties in the motion of the car

· Talk about bad runs when they occur

· Students will think about what happens if part of the panel is covered up

Activity:  The students and/or teacher will drive the solar car on a relatively smooth surface.  Observations will be made about the car and how it travels.  Next the surface the car is driving on can be changed to include hills, bumps, and obstacles that can interfere with the motion of the car.  Again students will observe how the car behaves.  Then students will think about their experiences and discuss what a “good” run and a “bad” run are and what causes each.

Finally, the thought process will be extended to discuss what will happen to the motion of the car if part of the panel was covered with an opaque or translucent material.

	Questions
	Answers

	What could cause a bad run?
	Various answers possible.

	What would be a bad run?
	Various answers possible.

	What affect will covering part of the solar panel have on the time it takes the car to travel a fixed distance?
	As more area of the panel is covered, the speed of the car will slow down, causing time to increase.

	What would happen if you covered the solar panel with a translucent material?
	Various answers possible. Possibly stay the same, slow down or not run at all.

	Will the light source on the panel make a difference?
	Yes, more intense light will produce more electricity.


Exploring Concepts: (Black Out)
Summary: Students will investigate the effect of blacking out part of the solar panel of a solar car has on the time required to drive a fixed distance.

Outline: 

· Students will predict what will happen when various portions of the solar panel are blacked out.

· Students will measure the time it takes the solar car to travel a fixed distance with none of the solar panel blacked out.  Conduct several runs and compute the average time.

· Students will then blackout part of the solar cell

· Students will measure the time it takes the solar car to travel a fixed distance with part of the panel blacked out. Conduct several runs and compute the average time.

· The process will be repeated with more panel being blocked out until the car no longer moves.

Activity:  In this activity, students will run their solar car over a fixed distance and measure the time it takes the car to travel that distance. They will start with the solar panel unblocked and then gradually black more of the panel out (maybe one-eighth of the panel at a time). They will continue to black out more of the solar panel until the car no longer runs. They will do a minimum of 4 trials at each condition and record the data in a table. The mean for each condition will be calculated after any outliers (“bad” runs) are thrown out.  

	% Coverage
	Trial 1 Time
	Trial 2 Time
	Trial 3 Time
	Trial 4 Time
	Outlier
	Mean Time

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Instructing Concepts: (Black Out)
Data Analysis/Modeling Data by Best-Fit Curves

The process of modeling data is essential for any field of study where data has been collected over time and predictions are desired about future behavior.   The process involves identifying a trend that is present and making a prediction based on that trend.  This process consists of four parts: 1) graphing a scatterplot of the data, 2) analyzing the data for a trend, 3) creating a function model that fits the trend, and 4) making credible predictions based on the model, assuming the trend continues.

Scatterplots

The first step is to graph a scatterplot of the data.  This can be done by hand or by using a graphing utility.  If you are doing it by hand, scales for the x (independent) variable and the y (dependent) variable will need to be chosen so that the data is spread out enough to make the trend recognizable.

Analyzing the data for a trend

After creating the scatterplot it is necessary to analyze the data for trends that are present.  These trends can be as simple as a line (linear regression) or more complex such as a polynomial (quadratic, cubic, etc.), sinusoidal, power or any other function that looks like the trend present.  The closer the data resembles the function you want to use to model it the better your predictions should be.  The measure of how closely the function will model the data is called the correlation coefficient (r).  Correlation is a number that ranges between – 1 and + 1.  The closer r is to +1 or – 1, the more closely the variables are related.  If r = 0 then there is no relation present between the variables.  If r is positive, it means that as one variable increases the other increases.  If r is negative, it means that as one variable increases the other decreases.  Correlation is very hard to calculate by hand and is usually found using the aide of a graphing utility.

Creating a function model

After deciding on a function that models the trend present it is necessary to create an equation that can be used to make future predictions.  The easiest model to create is a linear regression if the trend present is linear.  To do this you first draw a line that comes as close to splitting the data while at the same time having all the data points are as close to the line you are drawing as possible.  There will be a kind of balance to the line within that data plot that should split the data evenly and follow the same linear trend.  If the trend that is present in the data is stronger, then it will be easier to draw your line.  After drawing the line, you can calculate the equation by estimating two points on the line.  Using these two points, calculate slope and the y-intercept and write the equation.  Regression models can be found more precisely using graphing utilities.  Anything other than a linear regression is very difficult to find by hand.

Making predictions using the model

After the model is found it is easy to use it to make predictions about future events assuming the trend continues.  You can simply plug in for either the x or y variable and solve for the other.  This will create a predicted data point that can be used to base future decisions on.  If the correlation is high, meaning the trend is strong; the predictions should be fairly accurate.  

Organizing Learning: (Black Out)
Summary:  Students will investigate the relationship between the fractional part of the solar panel blacked out and the time it takes the solar car to travel a fixed distance by doing data analysis.

Outline: 

· Students will graph data collected previously collected and draw a best fit curve

· Students will analyze the data to see if there are any trends

· Predictions about what happened will be discussed

· If appropriate a function model can be created by hand or using appropriate technology

Activity:  Students will take data that was previously collected and perform data analysis on it.  The data will first be graphed.  An example could be time to travel a fixed distance vs. percent of solar panel blacked out.  It is important that axes are labeled and appropriate scales be utilized.  Next the data will be graphed and analyzed to see if a trend is present.  Students will discuss relationships that are present and make some generalizations about the observed phenomena.  Finally, an appropriate function model can be found.  This could be done by hand or with technology.  If the students have less experience the teacher can provide the model for them.

Understanding Learning: (Black Out)
Summary:  Students compose a formal lab write-up with the experimental procedure, the data collected, and the model calculated. Discuss the possible errors that might have occurred during the process. At this point, it may be a good time to talk about measurement error and allowable error for experiments. The students will then predict an unknown quantity and then test it.

Students will write an essay, which will demonstrate they understand the effect blacking out a portion of the solar panel will have on the power output. 

Outline: 

· Formative assessment of data analysis.

· Summative assessment of data analysis.

Activity: 

Formative Assessment

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

1) Do students understand the things that effect the solar car?

2) Did students have any bad runs which produce outliers?

3) Can students drive the car effectively and measure the time accurately?

4) Were students able to graph the data and see any visible patterns?

Summative Assessment

Students will write a formal lab write-up including the experimental procedure, the data, the model calculated, and issues that might have affected the results. They will then use the function model that was calculated to make a prediction about the time it would take given the solar panel being covered by a certain percentage. The result can be tested by actually covering the panel and driving the car.

Students can answer the following writing prompt:
1) When collecting data, give an example of an outlier and explain why you would throw out the outliers before calculating the mean?  Would this benefit you if teachers threw out outliers in the grade book before calculating your final average? 

2) Suppose that solar panels placed at ground level are partially blocked by trees.  What affect would this have on the power output of the solar panels?  

Is it dark in here?








© 2010 Board of Regents University of Nebraska

