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Background: Designing and building vehicles for transportation has long been and continues to be a major human endeavor. Over the centuries, this pursuit has resulted in many and various modes of transportation: buses, trains, cars, airplanes, spacecraft, motorcycles, bicycles, wagons, rollerblades, skateboards, etc. In terms of the car, the German engineer Karl Benz is credited with having invented the first practical automobile to be powered by an internal-combustion engine in 1885; these engines create power by burning fuel such as gasoline or oil in combination with an oxidizer (typically air) inside the engine. 
There are several other means by which to power a car, however—one of these is electricity. Cars with electric motors have been around since the 1800’s, but automobiles that run only on gasoline have historically been more popular with consumers since these cars allow for longer driving distances and have more power. The burning of fuel from an internal-combustion engine though, results in the emission of many harmful substances into the air, such as carbon monoxide and hydrocarbons. These substances contribute to air pollution and the accumulation of greenhouse gases in the atmosphere. On the other hand, an electric vehicle has essentially zero emissions if the electricity required to power the vehicle comes from renewable sources (solar, wind, hydropower, or geothermal energy, for example).
With the growing concern for clean air and greenhouse gas reduction, car manufacturers have over the past few decades turned their attention to the hybrid electric vehicle (HEV)—an automobile that is powered by a combination of an internal-combustion engine and an electric motor. HEV’s are more fuel efficient and have fewer emissions than traditional gas-only cars since hybrids are at times powered by the electric motor, but because the cars also use gasoline, they still have fairly good power. There are various hybrid engine designs, and many carmakers offer hybrid electric vehicles and hybrid versions of popular models.
One consideration when purchasing a new vehicle is that because of their advanced technology, HEV’s are more expensive than a gas-only model. For example, according to Toyota’s website, a 2018 Toyota RAV4 starts at $24,600, while the 2018 Toyota RAV4 Hybrid version starts at $27,385. However, the miles per gallon (MPG) ratings for the cars are 23/30 MPG and 34/30 MPG, respectively. Nonetheless, HEV’s are becoming ever more popular with the consumer. Is owning a hybrid electric vehicle worth the extra sticker price?

References:

· https://en.wikipedia.org/wiki/History_of_the_automobile
· https://www.biography.com/people/karl-benz-9208256
· https://www.britannica.com/technology/internal-combustion-engine
· https://driving-tests.org/beginner-drivers/the-basics-of-hybrid-cars
· https://www.toyota.com


*********************************


In-Class Activity for Small Groups—Estimate Annual Cost of Fuel for an Automobile:  
1. Select a make and model of a gas-only car; use the internet to find its MPG rating.
2. Use the internet to find a reasonable estimate for the cost of gasoline (in dollars per gallon) for the car you selected; also find a reasonable estimate for the average number of miles a person drives each year.
3. Use the information you collected to estimate how much money you would spend on gas over a year’s time driving your chosen car. A sample calculation is provided below in case you need it.

*********************************

Example Calculation of Estimating Annual Fuel Costs
Basic information:
· The MPG (miles per gallon) rating for a car is a measurement of its fuel economy; it is an estimate of the number of miles the car can travel on one gallon of gas.
· Cars use various fuels such as gasoline or diesel. Unleaded gasoline with different octane ratings are available; the higher the octane rating, the more expensive the gasoline. Automobile manufacturers often recommend that luxury cars use gasoline with a high octane rating. 

Assumptions:
· The MPG rating of a gas-powered car is 26
· The cost of gasoline is $2.90 per gallon
· The number of miles driven in a year is 12,000

An estimate for the number of dollars spent on gasoline over a year’s time of driving under the above assumptions is:

*********************************






Group Project (Outside of Class):  

1. Investigate gasoline prices throughout the country. 
a. Use the internet to find the average price of gasoline for each state in the U.S. and record your data in an Excel spreadsheet. Remember to cite your source(s) and assess their reliability.
b. Analyze the data by doing at least the following (use Excel whenever possible and describe the information given by each statistical tool):
i. Identify the states that have the highest and lowest gasoline prices
ii. Find the 5-number summary
iii. Draw a boxplot
iv. Make a frequency histogram of the data
v. Describe the data set in terms of its modality, skew, and symmetry
vi. Compute Bowley’s skew value for the data and discuss how the skew value compares with the shape of your histogram
vii. Compare the mean and the median for the data set
viii. Think of and address at least two interesting questions related to gasoline prices throughout the U.S.

2. Investigate whether purchasing the hybrid version of a vehicle is “worth it” in terms of fuel costs. Hybrid cars tend to be more expensive than the corresponding version that runs solely on gasoline, but hybrid vehicles get better gas mileage than their counterparts. Determine whether purchasing a hybrid vehicle would save you money in the long run. That is, if you were to purchase the more expensive hybrid version of a vehicle, would the money you saved by buying less gas compensate for the higher price you paid to buy the hybrid car? For the project, assume the purchase of new vehicles. To receive full credit, consider and include the following in your presentation:
a. What is a hybrid vehicle? Provide a brief history of hybrid vehicles. Remember to cite your source(s) and assess their reliability.
b. While investigating the open-ended question “Are hybrid vehicles worth it?” you will need to make several assumptions such as the number of miles driven each year, the cost of gasoline, the lifetime of the vehicle, etc. As you make these assumptions, use data from reliable source(s) to back them up; remember to cite your source(s). To get a sensible final answer, you will need to compare the purchase price and mileage of a hybrid vehicle with the purchase price and mileage of a gasoline-only vehicle. For accuracy, it is ideal to use a car model that comes in both a hybrid and traditional gas-only option. Be sure to make the cars as similar as possible. Describe the two cars in detail.

3. [bookmark: _GoBack]Consider and investigate other issues related to the question “Are hybrid vehicles worth it?” Outside of monetary costs, there are many other advantages and disadvantages to owning a hybrid vehicle. Research, discuss, and address at least two of these issues. (Some of these considerations can be sufficiently substantive to be projects in and of themselves, so thorough investigations here will receive extra credit.)

4. Present your investigations and results to the class in the form of an oral presentation accompanied by a visual display. Presentations will be graded using the following rubric:
a. General overall quality (10 points) 
b. Clarity, thoroughness, and accuracy (70 points)
i. Logical flow (10 pts.)
ii. Research beyond that presented in class and at least four cited sources (10 pts.)
iii. Investigation and results of all topics and questions presented (20 pts.)
iv. Calculations displayed; accuracy of calculations (30 pts.)
c. Summary that includes a thoughtful and thorough response to the question “Are hybrid vehicles worth it?” (20 points)
