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Regression Analysis

VEE Student Project

Introduction:

A recent MIT study claims that if the US automobile industry ramps up its efforts to produce eco-friendly vehicles for the mass market, it could cut the nation’s gas consumption by 30-50 percent by 2035. The report got me curious how the gas consumption is related to other factors. 
Data and Source:

All data is from 

http://people.sc.fsu.edu/~jburkardt/datasets/regression/regression.html
This is one year consumption of petrol measured in 48 states. 

The relevant variables are:

A1, the petrol tax

A2, the per capita income

A3, the number of miles of paved highway

A4, the proportion of drivers

B, the consumption of petrol

We are looking for a model of the form

B= A1*X1 + A2*X3 + A3*X3 + A4*X4 + A0

In order to get the best model, I first run a regression using all variables

Regression Model 1:
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Regression Statistics

Multiple R

0.823824442

R Square

0.678686712

Adjusted R Square

0.648797103

Standard Error

66.30619043

Observations

48

ANOVA

df

SS

MS

F

Significance F

Regression

4

399316.5109

99829.1277

22.7064

0.0000

Residual

43

189049.9682

4396.5109

Total

47

588366.4792

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Lower 95.0%

Upper 95.0%

Intercept

377.2911

185.5412

2.0335

0.0482

3.1117

751.4706

3.1117

751.4706

Petrol tax (cents per gallon)

-34.7901

12.9702

-2.6823

0.0103

-60.9471

-8.6332

-60.9471

-8.6332

Average income (dollars)

-0.0666

0.0172

-3.8666

0.0004

-0.1013

-0.0319

-0.1013

-0.0319

Paved Highways (miles)

-0.0024

0.0034

-0.7158

0.4780

-0.0093

0.0044

-0.0093

0.0044

Proportion of population with driver's licenses

1336.4494

192.2981

6.9499

0.0000

948.6432

1724.2555

948.6432

1724.2555


Using this model, we have 

B = 377.2911 - 34.7901X1 - 0.00666X2 - 0.0024X3 + 1336.4494X4

The adjusted R^2 is 64.88% which indicates that the model can only explain 64.88% of the gas consumption around the mean. Taking a closer look to the output, we see that the p-value of paved highways (by miles) is 0.4789 which is quite high. A high p-value means that this variable is not significant enough. Next, we will run the regression without variable, paved highways.
Regression Model 2:
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Regression Statistics

Multiple R 0.8215

R Square 0.6749

Adjusted R Square 0.6527

Standard Error 65.9377

Observations 48

ANOVA

df SS MS F Significance F

Regression 3 397064.0247 132354.6749 30.44187652 8.23463E-11

Residual 44 191302.4544 4347.783055

Total 47 588366.4792

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 307.3279 156.8307 1.9596 0.0564 -8.7435 623.3993 -8.7435 623.3993

Petrol tax (cents per gallon) -29.4838 10.5836 -2.7858 0.0078 -50.8136 -8.1540 -50.8136 -8.1540

Average income (dollars) -0.0680 0.0170 -3.9991 0.0002 -0.1023 -0.0337 -0.1023 -0.0337

Proportion of population with driver's licenses 1374.7684 183.6695 7.4850 0.0000 1004.6068 1744.9300 1004.6068 1744.9300


With model 2, we have the following formula:
B = 307.3279 – 29.4838X1 - 0.068X2 + 1374.7684X4
With 3 variables, the adjusted R^2 increased to 65.27% which still seems to be low. Notice that the p-value for intercept is 5.6% which is a bit high. Next we will try to transform variable B. We will draft a few normal probability plots. The more linear the plot the better data set can be fit into the distribution. 
Normal Probability Plot with variable B
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Normal Probability Plot with variable log(B)
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Normal Probability Plot with variable B^0.5
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From the plot above, we will transform B to B^0.5 for the third model.

Regression Model 3:
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Regression Statistics

Multiple R 0.8383

R Square 0.7028

Adjusted R Square 0.6825

Standard Error 1.2767

Observations 48

ANOVA

df SS MS F Significance F

Regression 3 169.5768297 56.52560991 34.67941454 1.16424E-11

Residual 44 71.71767082 1.629947064

Total 47 241.2945006

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 18.9639 3.0366 6.2452 0.0000 12.8441 25.0837 12.8441 25.0837

Petrol tax (cents per gallon) -0.5972 0.2049 -2.9144 0.0056 -1.0102 -0.1842 -1.0102 -0.1842

Average income (dollars) -0.0015 0.0003 -4.6395 0.0000 -0.0022 -0.0009 -0.0022 -0.0009

Proportion of population with driver's licenses 28.0685 3.5562 7.8928 0.0000 20.9014 35.2357 20.9014 35.2357


With this model, we have 
B^0.5 = 18.9639 – 0.5972X1 - 0.0015X2 + 28.0685X4

Adjusted R^2 has been improved to 68.25%. P-values are all small enough. 

Conclusion:
This study indicates that the square root of U.S. petrol consumption is linearly related to petrol tax, average income and proportion of population with driver’s license. 

Dropping variable, paved highways and the power transform have increased the adjusted R^2 value and lower the p-values. 

Our final model for the petrol consumption is 

B^0.5 = 18.9639 – 0.5972X1 - 0.0015X2 + 28.0685X4

Where X1 is petrol tax, X2 is average income and X4 is proportion of population with driver’s license. 

