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Chapter 5

Simple Linear Regression

In this chapter we will discuss the following topics:

e How to find the least-squares regression line using the R-function lm() (/inear model).
e How to plot the regression line using the R-function abline().
e How to calculate and plot the residuals using the R-function resid().

The Least-Squares Regression Line

We use the regression line to describe the relationship between two variables where one
variable (the explanatory variable) helps explain or predict the other (the response variable).
The least-squares regression line is given by the equation

j=d+ f,
where & is the intercept and B is the slope. The function g gives the predicted response
for the explanatory variable x, where y is the observed response of x. The method of least
squares computes the parameters & and B by minimizing the sum of squared errors. The
parameters are given by
B:rs—y and d:gj—ﬁf,
Sz

where § and Z are the means and s, and s, are the standard deviations of y and z, respectively,
and r is their correlation.

Problem. Find the equation of the least-squares regression line with explanatory variable x
and response variable y, where z and y are given by
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Solution. We have

> x=c(2,3,5,7,8,10,13)
> y=c(1,3,6,5,7,8,10)
> Im(y~x)

Call:
lm(formula = y ~ x)

Coefficients:
(Intercept) X
0.6038 0.7453



The equation of the regression line is: y = 0.6038 + 0.7453x.

Explanation. The explanation of the code is as follows:

e The symbol ~ in the model formula for Im should be read as described by. The format
for the command is, Im(response variable ~ explanatory variable).

Problem. In the next five problems we will consider the following data set [1] that shows the
average January minimum temperature in degrees Fahrenheit with the latitude and longitude
of 56 U.S. cities from 1931-1960.

City JanTemp Lat Long
1 Mobile, AL 44 31.2 88.5
2 Montgomery, AL 38 32.9 86.8
3 Phoenix, AZ 35 33.6 112.5
4 Little Rock, AR 31 35.4 092.8
5 Los Angeles, CA 47 34.3 118.7
52 Seattle, WA 33 48.1 122.5
53 Spokane, WA 19  48.1 117.9
54 Madison, WI 9 43.4 090.2
55 Milwaukee, WI 13 43.3 88.1
56 Cheyenne, WY 14 41.2 104.9

Make a scatterplot of the data and find the equation of the least-squares regression line
for predicting January temperatures from changes in latitude. Draw the regression line on
the same plot. Compute the correlation coefficient between latitude and average January
minimum temperature.

Solution. The explanatory variable is latitude and the response variable is January temper-
ature. We first import the data in a table which we name table and then make a scatterplot
and compute the correlation:

> table=read.delim("US_Temp.txt")
> attach(table)

> plot(Lat,JanTemp,col="green")

> cor(Lat,JanTemp)

[1] -0.8480352

We can see from the scatterplot and the correlation coefficient (r = —0.848), that there is a
strong negative association between latitude and temperature except for the coasts where the
temperatures are moderate due to the ocean. From the scatter plot and the correlation coef-
ficient, it looks like there is approximately a linear relationship between these two variables.
We next find the least squares regression line and add the regression line to the plot:

> temp.lm=1m(JanTemp~Lat)
> temp.lm

Call:
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lm(formula = JanTemp ~ Lat, data = table)

Coefficients:
(Intercept) Lat
108.73 -2.11

> summary(temp.lm)

Call:
lm(formula = JanTemp ~ Lat, data = table)

Residuals:
Min 1Q Median 3Q Max
-10.6812 -4.5018 -0.2593 2.2489 25.7434

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 108.7277 7.0561 15.41 <2e-16 **x*
Lat -2.1096 0.1794 -11.76 <2e-16 ***

Signif. codes: O **x 0.001 *x 0.01 * 0.05 . 0.1 1

Residual standard error: 7.156 on 54 degrees of freedom
Multiple R-squared: 0.7192, Adjusted R-squared: 0.714
F-statistic: 138.3 on 1 and 54 DF, p-value: < 2.2e-16

> abline(temp.lm,col="purple")

The equation of the regression line is: JanTemp = 108.73 — 2.11x latitude.

Explanation. The explanation of the code is as follows:

e We name the regression line temp.lm.



e The command summary(temp.lm) is used for inference for the regression parameters
and will be explained in chapter 24.

e The command abline(temp.lm) adds the regression line to the scatterplot.

e Notice that the plot() function must be called before the abline() function.

Residuals

A residual is defined as

residual = y — 7,

which is the difference between an observed value y of the response variable and the predicted

value ¢ given by the regression line.

Problem. We will consider the previous problem, where the latitude was measured along
with the average January minimum temperature for 56 U.S. cities from 1931-1960. Compute

the residuals and plot the residuals against the explanatory variable, latitude.

Solution. The residuals are given by

> res=resid(temp.1lm)

> res
1
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7
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Next we plot the residuals against the explanatory variable, latitude.

> plot(Lat,resid(temp.1lm),col="red")
> abline(0,0,col="blue")

We will analyze residual plots more carefully in chapter 24.

Explanation. The code can be explained as follows:
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e The function resid(temp.lm), where the argument is the lm function, returns the
residuals.

e Adding the command abline(0,0) results in the drawing of the line y = 0 in the same
plot as the residual plot.

Problem. Compute the correlation coefficient with observation number 52 deleted from the
observations in the previous problem.

Solution. We are deleting the outlier with observation number 52. We obtain

table_New=table[c(-52),]
JanTemp_New=table_New$JanTemp
Lat_New=table_New$Lat

cor (JanTemp_New,Lat_New)

[1] -0.8891845
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The new correlation coefficient is —0.89 which is a little smaller than the previous one so it
shows a stronger association between latitude and January temperature when we remove the
outlier.

Explanation. The code can be explained as follows:
e The command table[c(—52),] removes rows 52 in table.
e We rename the table and the variables.

Problem. Find the least-squares regression line for predicting January temperatures from
changes in latitude without observation 52. Add both lines to the scatterplot.

Solution. We have

> temp.1lm2=1m(JanTemp~Lat,subset=c(-52))
> temp.1lm2

Call:



lm(formula = JanTemp ~ Lat, subset = c(-52))

Coefficients:
(Intercept) Lat
114.425 -2.268

so the regression line without observation number 52 is
JanTemp = 114.425 — 2.268 X latitude.

We plot the lines in the scatterplot:

plot(Lat,JanTemp,col="green")
abline(temp.lm,col="purple")
abline(temp.1lm2,col="red",1ty=3)
legend("bottomleft",c("with all data","without obs 52"),
cex=0.9,1ty=c(1,3),col=c("purple","red"))
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Explanation. The code can be explained as follows:

e In order to calculate the regression line for the data without observation 52, we added
the entry subset=c(-52) in the argument for Im(). The negative number removes the

observation indexed 52.

e We plot the regression line without observation 52, which we named temp.lm2, with

type lty=3.

Problem. Use both lines to predict the January temperature at latitude 49 degrees north

of the equator.

Solution. We have



> newdata=data.frame(Lat=49)
> predict(temp.lm,newdata)
1
5.357938
> predict(temp.1lm2,newdata)
1
3.269773

so with all the data, the predicted temperature is 5.4 Fahrenheit degrees and without ob-
servation 52 the temperature is 3.3 Fahrenheit degrees at latitude 49 degrees north of the
equator.

Explanation. The explanation of the code is as follows:

e The command newdata=data.frame(Lat=49) puts the value 49 of the explanatory
variable Lat in a data frame which we store as newdata.

e The command predict(temp.lm, newdata) returns the predicted values for the data
stored in the data frame newdata.

To see the first initials of the cities in the plot, do the following:
> plot(Lat,JanTemp,col="darkgreen",,pch=as.character(City))
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