Regression inference: example
The data below show information on price (in thousands of dollars), horse power, and gas mileage for a random sample of vehicle models commonly sold in the United States. You will use this data for the practice problems.

	Model
	price
	hp
	mpg

	Chevy Cavalier
	13.4
	110
	36

	Chevy Lumina APV
	16.3
	170
	23

	Chevy Astro
	16.6
	165
	20

	Dodge Shadow
	11.3
	93
	29

	Dodge Caravan
	19.0
	142
	21

	Eagle Vision
	19.3
	214
	28

	Ford Probe
	14.0
	115
	30

	Hyundai Elantra
	10.0
	124
	29

	Lexus SC300
	35.2
	225
	23

	Mazda RX-7
	32.5
	255
	25

	Oldsmobile Achieva
	13.5
	155
	31

	Pontiac Grand Prix
	18.5
	200
	27

	Suzuki Swift
	8.6
	70
	43

	Volkswagen Fox
	9.1
	81
	33

	Volvo 850
	26.7
	168
	28


1. Test the hypothesis that horse power is a useful linear predictor of gas mileage. Be sure you check the necessary conditions for the hypothesis test.

2. Find and interpret a 95% confidence interval for the slope relevant to Question 1.

3. Find and interpret a 95% confidence interval for the slope for predicting price from horse power, if this is reasonable. If not, explain why not.
SOLUTIONS
1. Before any analysis, make a scatter plot of the data, with horse power as the explanatory (x) variable and miles per gallon as the response (y) variable. The scatter plot looks reasonably linear, so a linear model should be appropriate here. 

For the hypothesis test, our parameter is β, the true slope for predicting gas mileage (mpg) from horse power across all motor vehicles. The hypotheses are H0: β = 0 versus Ha: β ≠ 0. 

Make a residual plot and a normal quantile plot of the residuals. While not perfect, the plots do not suggest a severe violation of linearity, constant variance, or normality. We will proceed with the test. 

Using our computer, we find the sample slope is b = –0.06940, the standard error of the slope is sb = 0.02329, the test statistic is t = (–0.06940 – 0)/0.02329 = –2.98 with df = n–2 = 15–2 = 13, and the P-value is 0.011. Since this is less than the standard α = 0.05, we reject the null hypothesis. 

At the 5% significance level, we conclude that horse power is a useful linear predictor of gas mileage (mpg). 

2. At 95% confidence, the t critical value at 13 df is 2.16, and so a 95% confidence interval for β is b ± 2.16×sb = –0.06940 ± 2.16×0.02329 = (–.1197, –.0191). Hence, we are 95% confident that a positive difference of 1 horse power corresponds, on average, to a negative difference of between .0191mpg and .1197mpg. 

3. We should again check that the requisite assumptions are met. A scatter plot shows a moderate positive relationship between price and horse power. However, a careful examination of the residuals reveals two problems: (1) the residual plot clearly shows non-constant variance, and (2) a normal quantile plot shows the residuals might be non-normal, although the latter problem is less pronounced. Hence, a blind calculation based on the standard t formula would not be valid here. 

