Applied Regression Modeling:
A Business Approach

Computer software help: R and S-PLUS

Ris a free software environment for statistical computing and graphics—further information
is available atiww.r-project.org. Although graphical user-interfaces do exist for R,
they are still at an early stage of development at the time of writing, so the instructions
here relate to its programming interface. The commercial package S-PLUS (available at
www.insightful.com/products/splus/) has many featuresin common with R, and so
many of these instructions will also work in S-PLUS. S-PLUS also has a good graphical
user-interface, but that is not addressed here. More extensive guidance on the use of R
and S-PLUS for regression modeling can be found in Fox (2002) and Venables and Ripley
(2002). The following instructions are based on “R 2.2.1 for Windows.” The book website
contains supplementary material for other versions of R and S-PLUS.

Getting started and summarizing univariate data

1 Change R'’s defaulbptions by selectingedit > GUI Preferences.

For example, you may find it easier to selsct for Single or multiple windows and
multiple windows for Pager style.

To open a Rlata file, typemydata <— read.table("file", header=TRUE, sep="\t"), wherefile

is the name of the data filesader is a logical value indicating whether the file contains
the names of the variables as its first line, agdis the field separator character (e.g.,
"\t" for tab-separated files).

One way to then make the dataset available for analysis is taiypemydata). You

will now be able to analyze each of the variables inrlygata dataset. To see what
these variables are, typemes(mydata). When you are finished with this dataset, type
detach(mydata). We do not go into the other methods for working with R datasets
here—see an R companion book such as Fox (2002) for further discussion of this.

To recall a previously entered command, hit the “up” arrow (repeatedly) on your
keyboard.

Output appears in the mair Console Window and can be copied and pasted from R
to a word processor like Microsoft Word. Graphs appear in separate windows and
can also easily be copied and pasted to other applications.

2 You can accesBelp by selectingHelp > Html help.

For example, to find out about “boxplots” cligkarch Engine & Keywords, typeboxplots
in the search box, and click on one of the resulting hits.

3 To transform data or compute anew variable, type, for examplelogX <— log(X)
for the natural logarithm oX andxsq < x««2 for X2. If you get the error message
“syntax errorin..,” this means there is a syntax error in your expression—a common
mistake is to forget the multiplication symba)) (between a number and a variable
(e.g.,2+X represent@X).

Created variables like this will be placed in R’s “global environment.” To see a list of
the variables in the global environment, tygge Variables in the global environment



take precedence over identically named variables in attached datasets. To avoid any
confusion, avoid creating a variable (or other R “object”) that has the same name as
a variable in an attached dataset.

To creatandicator (dummy) variables from a qualitative variable, type, for exam-
ple, D1 <- ifelse(X=="level", yes=1, no=0), wherexX is the qualitative variable antvel"

is the name of one of the categoriesxnRepeat for other indicator variables (if
necessary).

4 Calculatedescriptive statisticsfor quantitative variables by typirggmmary(y), where
Y is the quantitative variable.

Other, more specific commands includean(y), median(Y), sd(Y), min(Y), max(Y), and
quantile(Y, probs=c(.25,.5,.75), type=7), Whereprobs is a numeric vector of probabilities
with values in D, 1], andtype is an integer betweeh and9 selecting one of nine
guantile (percentile) algorithms (the default algoritigives slightly different results
than algorithn6 used by SPSS and Minitab).

5 Createcontingency tablesor cross-tabulationsfor qualitative variables by typing
table(X1, X2), wherex1 andx2 are the qualitative variables.

Calculate row sums by typingwsum <— apply(table(X1, X2), 1, sum). Then the row
percentages am®ostable(X1, X2)/rowsum.

Calculate column sums by typinrgisum <— apply(table(X1, X2), 2, sum). Then column
percentages amoxt(t(table(X1, X2))/colsum) (the functiont() stands for “transpose”).

6 If you have a quantitative variable and a qualitative variable, you can caladgate
scriptive statisticsfor cases grouped in different categories by typing, for example,
aggregate(Y, by, FUN), wherey is the quantitative variabley is a list of the qualitative
variables (e.glist(x1=X1, X2=X2)), andruN is the name of the function for calculating
the descriptive statistic (e.gngan).

7 To make sstem-and-leaf plotfor a quantitative variable, typgem(y, scale=1), where
Y is the quantitative variable ardale controls the plot length.

To make ahistogram for a quantitative variable, type

hist(Y, freq=FALSE, breaks=c(1,2,3,4)), wherey is the quantitative variabléegq is a log-
ical value (if TRUE, the histogram represents frequenciesrAifSE, it represents
probability densities), anteaks specifies how to construct the breakpoints.

8 To make ascatterplot with two quantitative variables, typgot(x, Y), wherex is the
horizontal axis variable andis the vertical axis variable.

All possible scatterplots for more than two variables can be drawn simultaneously
(called ascatterplot matrix) by typingpairs(cbind(Y, X1, X2)), wherey, X1, andx2 are
guantitative variables.

9 You canmark or label casesin a scatterplot with different colors/symbols according
to categories in a qualitative variable by using toets() function. For example,
in a dataset 020 observations, suppose contains valued—4 to represent four
categories, and andx1 are two quantitative variables. Then the following code
produces a scatterplot with numbers (representing the vak® nfarking the points:
plot(X1, Y, type="n")
for (i in 1:20) points(X1[i], Y[i], pch=as.character(X2[i])).



10

11

12

13

14

You can alsadentify individual casesafter drawing a scatterplot by typing

identify(X, Y, labels=row.names(mydata)), wherex is the horizontal axis variable,is the
vertical axis variable, andbels is an optional variable giving labels for the points.
After typing this command, left-click on points on the scatterplot to make labels
appear; when you're finished, right-click and seleep.

To make abar chart for cases in different categories, use tagplot() function.

For frequency bar charts of one qualitative variable, typglot(table(x1)), wherex1

is a qualitative variable. For frequency bar charts of two qualitative variables, type
barplot(table(X1, X2), beside=TRUE), wherex1 andx2 are qualitative variables, aneside

is a logical value for whether the chart is clustereRUg) or stackedKALSE).

The bars can also represent various summary functions for a quantitative variable.
For example, to produce a bar chart of means, type:

means <— aggregate(Y, by=list(X1=X1, X2=X2), mean)

barplot(tapply(means$x, list(means$X1, means$X2), sum), beside=TRUE),

wherex1 andx2 are the qualitative variables amds a quantitative variable.

To makeboxplots for cases in different categories, use bagplot() function.

For just one qualitative variable, typexplot(y ~ X1), and for two qualitative vari-
ables, typaoxplot(Y ~ X1 + X2), wherey is a quantitative variable, and andx2 are
qualitative variables.

To make aQQ-plot (also known as amormal probability plot ) for a quantitative
variable, typeggnorm(Y), wherey is a quantitative variable. To add a diagonal line to
aid interpretation, typegline(Y).

To compute aonfidence intervalfor a univariate population mean, type
t.test(Y, conf.level=0.95), wherey is the variable for which you want to calculate the
confidence interval, angbnf.level is the confidence level of the interval.

To do ahypothesis testfor a univariate population mean, type

t.test(Y, mu=value, alternative="two.sided"), wherey is the variable for which you want to
do the testmu is the (null) hypothesized value, aatkrnative is “two.sided" for two
tailed,"less" for lower tailed, orgreater' for upper tailed.

Simple linear regression
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To fit asimple linear regression modeli.e., find a least squares line), type
model <— Im(Y ~ X)

summary(model),

wherey is the response variable ards the predictor variable.

To add aregression lineor least squares lingto a scatterplot, typglot(x, Y), where

X is the predictor variable andis the response variable, and then tyip&s(sort(x),
fitted(model)[order(X)]), wheremodel is the name of the fitted model object (see computer
help #15).



17 To find 95% confidence intervals for the regression parameteri a simple linear
regression model, typenfint(model), wheremodel is the name of the fitted model
object.

This applies more generally to multiple linear regression also.

18 To find aconfidence interval for the mean of Yat a particular value of X in a simple
linear regression model, typeedict(model, interval="confidence"), wheremodel is the
name of the fitted model object.

The confidence intervals for the mean of Y at each of the X-values in the dataset are
displayed as two columns head@dandupr.

You can also obtain a confidence interval for the mean of Y at an X-value that is not
in the dataset by typingredict(model, newdata=data.frame(X=a), interval="confidence"),
wherenewdata contains a data frame with variables that have the same names as the
predictors in the modek(in this case), and is the particular predictor value we are
interested in.

This applies more generally to multiple linear regression also.

19 To find aprediction interval for an individual value of Y at a particular value of X in
a simple linear regression model, typedict(model, interval="prediction"), wheremodel
is the name of the fitted model object.

The prediction intervals for the individual value of Y at each of the X-values in the
dataset are displayed as two columns heagieahdupr.

You can also obtain a prediction interval at an X-value that is not in the dataset
by typing predict(model, newdata=data.frame(X=a), interval="prediction"), where newdata
contains a data frame with variables that have the same names as the predictors in the
model K in this case), and is the particular predictor value we are interested in.

This applies more generally to multiple linear regression also.
Multiple linear regression

20 To fit amultiple linear regression mode| type
model <— Im(Y ~ X1 + X2)
summary(model),
wherey is the response variable ard andx2 are the predictor variables.

21 To add aquadratic regression lineto a scatterplot, first fit the quadratic regression
model,model <- Im(Y ~ X + Xsq), wherey is the response variablg,is the predictor
variableX, andxsq is X2. To produce a smooth quadratic regression line, it might
be necessary to create a “more even” versior fafr use in the graph, for example,
newX <— seq(min(X), max(X), length=100) andnewXsq <— newXx«2. Next, typeplot(X, Y)
and then typédines(newX, predict(model, newdata=data.frame(X=newX, Xsg=newXsq))).

22 Categories of a qualitative variable can be thought of as defisifgetsof the
sample. If there are also quantitative response and predictor variables in the dataset,
aregression model can be fit to the data to represent separate regression lines for each
subset. For example, in a dataseRbfobservations, suppose contains the values
1-4 to represent four categories, andndx1 are two quantitative variables. Create
an interaction termxix2 <- x1«x2, and fit the modelnodel <- Im(Y ~ X1 + X2 + X1X2).



Then the following code produces a scatterplot with numbers (representing the value
of x2) instead of circles marking the points, and four separate regression lines:
plot(X1, Y, type="n")

for (i in 1:20) points(X1[i], Y[i], pch=as.character(X2[i]))

for (i in 1:4) lines(X1[X2==i], fitted(model)[X2==i]).

23 To find the F-statistic and associated p-value foreated model F-tesin multiple
linear regression, first fit the reduced model, for exampteell <- Im(Y ~ X1), and
the complete model, for exampl@gpdel2 <— Im(Y ~ X1 + X2 + X3).

Then typeanova(modell, model2). The F-statistic is in the second row of the “Analysis
of Variance Table” in the column headedwhile the associated p-value is in the
column headeé@r(>F).

24 To savestudentized residualsin a multiple linear regression model (e.ggdel <—
Im(Y ~ X1 + X2)), typesre <— rstandard(model). They can now be used just like any other
variable, for example, to construct residual plots. (R also hasident() function,
but that calculates “deleted studentized residuals.”)

25 To add aloess fitted lineto a scatterplot (useful for checking the zero mean re-
gression assumption in a residual plot), type, for exampieer.smooth(fitted(model),
rstandard(model), span=0.75), Wheremodel is the name of the fitted model object.

26 To saveleveragesin a multiple linear regression model, tyjpe <— hatvalues(model),
wheremodel is the name of the fitted model object. They can now be used just like
any other variable, for example, to construct scatterplots.

27 To saveCook’s distancesin a multiple linear regression model, type
cook <— cooks.distance(model), wheremodel is the name of the fitted model object. They
can now be used just like any other variable, for example, to construct scatterplots.

28 To create someesidual plots automatically in a multiple linear regression model,
type plot(model), wheremodel is the name of the fitted model object. This produces
a plot of residuals versus fitted values, a QQ-plot of the studentized residuals, a plot
of the square root of the studentized residuals versus fitted values, and a plot of
studentized residuals versus leverages (with Cook’s distance thresh0l8saofi 1
marked)—click or hitEnter to cycle through the plots.

To create residual plots manually, first create studentized residuals (see computer help
#24), and then construct scatterplots with these studentized residuals on the vertical
axis.

29 To create aorrelation matrix of quantitative variables (useful for checking poten-
tial multicollinearity problems), typeor(cbind(Y, X1, X2)), wherey, X1, andx2 are
guantitative variables.

30 To find variance inflation factors in multiple linear regression, first install and load
thecar package of Fox (2002). Then typimodel), wheremodel is the name of the
fitted model object.

31 To draw apredictor effect plot for graphically displaying the effects of transformed
gquantitative predictors and/or interactions between quantitative and qualitative pre-
dictors in multiple linear regression, first create a variable representing the effect, say,
“Xleffect” (see computer help #3).



vi

If the “X1effect” variable just involves X1 (e.g., 1+3X1+4X)l type plot(sort(X1),
X1leffect[order(X1)], type="1").

If the “X1effect” variable involves a qualitative variable (e.g-2X1+3D2X1, where
D2 is an indicator variable), type

X1leffectO <— X1effect[D2==0]

Xleffectl <— Xleffect[D2==1]

plot(X1, X1effect, type="n")

lines(sort(X1[D2==0]), X1effectO[order(X1[D2==0])])

lines(sort(X1[D2==1]), X1effectl[order(X1[D2==1])]).

See Section 5.4 for an example.



