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Goal 
 
Mileage is the distance traveled in comparison to the fuel/gas filled in the vehicle.  There 
are a number of variables, such as make, model, year, and engine option that affect a 
vehicle's gas mileage.  The purpose of this project is to determine which variables are 
significant or important in influencing the Miles per Gallon (MPG) of vehicles.  Statistic 
methods, the scatter plot, ANOVA the residual plot, regression analysis and outliers 
detection are utilized with SAS software in order to achieve our goal. 
 
This project illustrates the key techniques using SAS JMP software. Emphasis is on 
understanding how to go from a practical question to a statistical technique that is readily 
available in good statistical software packages, and how to interpret and make use of the 
output of these statistical analysis routines. 
 
The data is downloaded from the Fuel Economy Database: 
 (www.fueleconomy.gov/FEG/download.shtml) 
 
Analysis  
 
First, I examine the correlation of the MPG of the cars and origin (American, European, 
or Japanese). 
 
The following plot shows comparing the test means for three origins of cars:  

 
 
 



 
 
In the plot’s left side, the middle line in the diamond is the response group mean for the 

group and the vertical endpoints form the 95% confidence interval for the mean.  The 
variances are not significantly unequal. 
 
 



 
 
 
The plot shows that the confidence intervals don’t overlap, we can conclude that the 
means are significantly different.  The p-value is less than 0.0001, it conform our 
conclusion. 
 
From the chart of “mans for one-way Anova”, it discovered that the sample size for the 
three origins are different. So, I applied comparison circles graphical technique, because 
this graphic works in general with both equal and unequal sample sizes. The plot displays 
three circles for three groups (origins of cars), which have no intersection.  Tukey-
Kramer (HSD) is applied to adjust for multiple comparisons to decrease Type I error. In 
the Tukey table, it still display that the means are significant different. 
 
Conclusion:  There is strong evidence that the car’s miles per gallon are significant 
different for these different origins.  The Japanese cars have the highest Mpg (mean is 
30.45 mpg) and the American cars have the lowest Mpg (mean is 20.05), European cars 
are in middle of them (mean is bout 27.60). 
 
The model year is also an important factor on the MPG of automobiles.  I then examine 
the correlation of the MPG of the cars and model year.  The data contains vehicles MPG 
information of car made in 1970 – 1982.  I use LSD(least significant Different) and 
Tukey-Kramer HSD to test if it is significantly different between the model years. 
 



 

 
 

 
In the plot’s left side, the middle line in the diamond is the response group mean for the 

group and the vertical endpoints form the 95% confidence interval for the mean.  The plot 
shows that the confidence intervals don’t overlap for model years 80 and 82 with model 
years 70’s.  The elements in the table show the absolute value of the difference in the 
means, minus the LSD.  If the values are positive, it’s significant different.  The table 
shows that the means are significantly different. 
 
Conclusion: The mpg of the cars of 80 and 82 model years is significant different from 
the mpg of cars of 70’s. 
 
The third important factor on MPG is the number of engine cylinders.  I use LSD and 
Tukey-Kramer HSD to test if it is significantly different between the different number of 



engine cylinders.  The sample sizes of the cars with cylinder 3 or 5 are very small, so 
only 4, 6 and 8 cylinders engine cars are being considered.  There are three circles in 
LSD and Tukey-Kramer HSD graphic.  The three circles don’t intersect and in the 
Tukey-Kramer HSD table.  We can conclude that the means are significantly different. 
 

 
 

 
 
The plot displays three circles for three groups (number of cylinders).  Tukey-Kramer 
(HSD) is applied to adjust for multiple comparisons to decrease Type I error. In the 
Tukey table, it display that the means are significant different. 
 
Conclusion:  There is strong evidence that the car’s miles per gallon are significant 
different for vehicles with different number of cylinder engines.  The 4-cylinder cars have 
the highest Mpg; the 8-cylinder cars have the lowest Mpg. 


