Applied Regression Modeling:
A Business Approach

Computer software help: Minitab

Minitab is a commercial statistical software package with an easy-to-use graphical user-
interface. Further information is availablewiw.minitab.com. The following instruc-

tions are based on “Minitab Release 14 for Windows.” The book website contains supple-
mentary material for other versions of Minitab.

Getting started and summarizing univariate data

1 If desired, change Minitab’s defaudptions by selectingrools > Options.
To open a Minitaltlata file, selectrile > Open Worksheet.

To edit last dialog box, selectdit > Edit Last Dialog Or hit theEdit Last Dialog tool (ninth
button from the left).

Output appears in thgession window and can be copied and pasted from Minitab 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 acceskelp by selectingHelp > Help.

For example, to find out about “boxplots,” click theex tab, typeboxplots in the first
box, and select the index entry you want in the second box.

3 Totransform data or compute anew variable, selectcalc > Calculator.

Type a name (with no spaces) for the new variable insthe result in variable box,

and type a mathematical expression for the variable iretpeession box. Current
variables in the dataset can be moved intogkgession box, while the keypad and

list of functions can be used to create the expression. Examplesaegx’) for the
natural logarithm ofX andx««2 for X2. Hit oK to create the new variable which
will be added to the dataset (check it looks correct inilaeksheet Window); it can

now be used just like any other variable. If you get the error message “Completion
of computation impossible,” this means there is a syntax error in gaugssion—a
common mistake is to forget the multiplication symbglljetween a number and a
variable (e.g.2«X’ represent2X).

To creatdndicator (dummy) variables from a qualitative variable, select
Calc > Make Indicator Variables.

Move the qualitative variable into th&licator variables for box, type arange of columns

in which to store the variables (e.g., C5-C6) in there results in box, and hitok

(check that the correct indicator variables have been added to your spreadsheet in the
Worksheet Window).

4 Calculatedescriptive statisticsfor quantitative variables by selecting
Stat > Basic Statistics > Display Descriptive Statistics.

Move the variable(s) into theariables list. Click Statistics to select the summaries,
such as theean, that you would like.



5 Createcontingency tablesor cross-tabulationsfor qualitative variables by selecting
Stat > Tables > Cross Tabulation and Chi-Square.

Move one qualitative variable into thevs box and another into th@lumns box. Cell
percentages (within rows, columns, or the whole table) can be calculated by checking
the appropriate boxes undgisplay.

6 If you have quantitative variables and qualitative variables, you can calaigate
scriptive statisticsfor cases grouped in different categories by selecting
Stat > Tables > Descriptive Statistics.

Move the qualitative variable into thews box (and another qualitative variable into

the columns box if there is more than one). Clickssociated Variables to select the
guantitative variable for which you would like descriptive statistics, and the descrip-
tive statistics to display; the default is the number of cases, but other statistics such
as themean andstandard Deviation can also be selected.

7 To make sstem-and-leaf plotfor a quantitative variable, selegiaph > Stem-and-Leaf.
Move the variable into theraph variables box.
To make ahistogram for a quantitative variable, seleGtaph > Histogram.
Choosesimple and move the variable into tl@aph variables box.

8 To make ascatterplot with two quantitative variables, selegtaph > Scatterplot.

Choosesimple and move the vertical axis variable into the first row of theriables
column and the horizontal axis variable into the first row ofxthariables column.

All possible scatterplots for more than two variables can be drawn simultaneously
(called ascatterplot matrix) by selectingraph > Matrix Plot, ChooSingMatrix of plots,
Simple, and moving the variables into ti@aph variables list.

9 You canmark or label casesin a scatterplot with different colors/symbols according
to the categories in a qualitative variable by selectirgh > Scatterplot and choosing
with Groups. After moving the vertical axis variable into the first row of theariables
column and the horizontal axis variable into the first row of Xhariables column,
move the grouping variable into tlategorical variables for grouping bOX.

To change the colors/symbols used, select the symbols you want to change by clicking
on one of the points with that symbol twice (all the data points should become high-
lighted on the first click, and just the points in that group should remain highlighted
on the second click). Then selegfitor > Edit Symbols.

Select the color/symbol you want and bit to see the effect.
You can alsadentify individual casesin a scatterplot by hovering over them.

10 To make abar chart for cases in different categories, seleeiph > Bar Chart.

For frequency bar charts of one qualitative variable, chgosge with Bars represent:

Counts of unique values and move the variable into theategorical variables box. For
frequency bar charts of two qualitative variables, chotisger with Bars represent:

Counts of unique values and move the variables into tlmategorical variables box. The

bars can also represent various summary functions for a quantitative variable; for
example, to represent means, sel&ts represent: A function of a variable and select

Mean for the function.



11 To makeboxplots for cases in different categories, seleeiph > Boxplot.

Chooseone Y, with Groups, move the quantitative variable into tBeaph variables box,
and move the qualitative variable(s) into thaegorical variables box.

12 To make aQQ-plot (also known as aormal probability plot ) for a quantitative
variable, selectraph > Probability Plot.

Choosesingle and move the variable into th@aph variables box.

13 To compute aonfidence intervalfor a univariate population mean, select
Stat > Basic Statistics > 1-Sample t.

Move the variable for which you want to calculate the confidence interval into the
Samples in columns box. Then click thedptions button to bring up another dialog box

in which you can specify the confidence level for the interaad.will take you back

to the previous dialog box, where you can nowdt

14 To do ahypothesis testfor a univariate population mean, select
Stat > Basic Statistics > 1-Sample t.

Move the variable for which you want to calculate the confidence interval into the
Samples in columns boX, checkPerform hypothesis test, and type the (null) hypothesized
value into thedypothesized mean box. Then click th@ptions button to bring up another
dialog box in which you can specify a lower tailed (“less than”), upper tailed (“greater
than”), or two tailed (“not equal”) alternative hypothes@x will take you back to

the previous dialog box, where you can nowdamt

Simple linear regression

15 To fit asimple linear regression modeli.e., find a least squares line), select
Stat > Regression > Regression.

Move the response variable into tkesponse box and the predictor variable into the
Predictors box. Just hitok for now—the other items in the dialog box are addressed
below.

16 To add aregression lineor least squares lingo a scatterplot, select
Editor > Add > Regression Fit, andLinear for the Model Order.

You can create a scatterplot with a regression line superimposed by selecting
Graph > Scatterplot.

Choosewith Regression and move the response variable into the first row oftthe
variables column and the predictor variable into the first row of ¥heriables column.

17 Minitab does not appear to offer an automatic way to 88& confidence intervals
for the regression parameters in a linear regression model.

Itis possible to calculate these intervals by hand using Minitab regression output and
appropriate percentiles from a t-distribution.



18 To find aconfidence interval for the mean of Yat a particular value of X in a simple
linear regression model, selextét > Regression > Regression.

Move the response variable into thResponse box and the predictor variable into
the Predictors box. Before hittingok, click theoptions button and move the predictor
variable into therrediction intervals for new observations box in the subsequeRggression:
Options dialog box. Checlconfidence limits and type the value of the confidence level
that you want in theconfidence level box (the default i95%). Click ok to return to
the mainregression dialog box, and then hidk.

The confidence intervals for the mean of Y at each of the X-values in the dataset are
displayed in thesession Window and also as two columns headadmvi andcLIM2 in

the worksheet Window. Each time you ask Minitab to calculate confidence intervals
like this, it will add new columns to the dataset and increment the end digit by one.
For example, the second time you calculate confidence intervals for the mean of Y
the end points will be calledLiM3 andcLimM4.

You can also obtain a confidence interval for the mean of Y at an X-value that is not
in the dataset by typing the value into thediction intervals for new observations box in

the Regression: Options dialog box. In this case, the confidence interval for the mean
of Y at this X-value is displayed only in th&ssion Window (and not in theworksheet
Window).

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, selset > Regression > Regression.

Move the response variable into thesponse box and the predictor variable into
the Predictors box. Before hittingok, click theoptions button and move the predictor
variable into therediction intervals for new observations box in the subsequeRtgression:
Options dialog box. Checlerediction limits and type the value of the confidence level
that you want in theonfidence level box (the default i95%). Click ok to return to
the mainRegression dialog box, and then hibk.

The prediction intervals for an individual Y-value at each of the X-values in the dataset
are displayed in theession Window and also as two columns headaawvi andpPLiM2

in the worksheet window. Each time you ask Minitab to calculate prediction intervals
like this, it will add new columns to the dataset and increment the end digit by one.
For example, the second time you calculate prediction intervals for an individual
Y-value the end points will be callezl.iM3 andpLIM4.

You can also obtain a prediction interval for an individual Y-value at an X-value that
is not in the dataset by typing the value into thediction intervals for new observations

box in theregression: Options dialog box. In this case, the prediction interval for an
individual Y-value at this X-value is displayed only in tBession window (and not in

the Worksheet Window).

This applies more generally to multiple linear regression also.



Multiple linear regression
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To fit a multiple linear regression mode| selectstat > Regression > Regression.

Move the response variable into tResponse box and the predictor variables into the
Predictors bOX.

To add aquadratic regression lineto a scatterplot, select
Editor > Add > Regression Fit, andQuadratic for the Model Order.

You can create a scatterplot with a quadratic regression line superimposed by selecting
Graph > Scatterplot.

Choosewith Regression and move the vertical axis variable into the first row of the
variables column and the horizontal axis variable into the first row of theriables
column. Before hittingok, click the Data View button, click theregression tab in the
subsequertcatterplot - Data View dialog box, and change thédel Order from Linear
t0 Quadratic. Hit OK to return to thescatterplot - With Regression dialog box, andok
again to create the graph.

Categories of a qualitative variable can be thought of as definibhgetsf the sample.

If there are also a quantitative response and a quantitative predictor variable in the
dataset, a regression model can be fit to the data that represents separate regression
lines for each subset. To displayr@gression line for each subsein a scatterplot,
selectGraph > Scatterplot and choosevith Regression and Groups. After moving the

vertical axis variable into the first row of thevariables column and the horizontal

axis variable into the first row of thevariables column, move the grouping variable

into thecCategorical variables for grouping box. Hit OK to create the graph.

Minitab does not appear to offer an automatic way to find the F-statistic and associated
p-value for a nested model F-test in multiple linear regression.

It is possible to calculate these quantities by hand using Minitab regression output
and appropriate percentiles from a F-distribution.

To savestudentized residualsn a multiple linear regression model, select
Stat > Regression > Regression.

Move the response variable into tResponse box and the predictor variables into

the Predictors box. Before hittingok, click the storage button and checktandardized
residuals underDiagnostic Measures in the subsequemegression: Storage dialog box.

Click ok to return to the mairegression dialog box, and then hak. The studentized
residuals are saved as a variable calieds1 in the worksheet Window; they can now

be used just like any other variable, for example, to construct residual plots. Each
time you ask Minitab to save studentized residuals like this, it will add a new variable
to the dataset and increment the end digit by one; for example, the second time you
save studentized residuals they will be caksas2.

25 To add doess fitted lineto a scatterplot (useful for checking the zero mean regression

assumption in a residual plot), sel&egitor > Add > Smoother.

The default value 06.5 for Degree of smoothing tends to be a little on the low side: |
would change it t@.75.

You can create a scatterplot with a loess fitted line superimposed by selecting
Graph > Scatterplot.



Choosewith Regression and move the vertical axis variable into the first row of the
variables column and the horizontal axis variable into the first row of theriables
column. Before hittingok, click the Data view button, click thesmoother tab in the
subsequenscatterplot - Data View dialog box, and change ttgnoother from None to
Lowess. Hit OK to return to thescatterplot - With Regression dialog box, andbk again
to create the graph.

26 To saveeveragesn a multiple linear regression model, select
Stat > Regression > Regression.

Move the response variable into tResponse box and the predictor variables into
thepredictors box. Before hittingok, click theStorage button and checki (leverages)
underbiagnostic Measures in the subsequemegression: Storage dialog box. Clickok

to return to the maimegression dialog box, and then hitk. The leverages are saved

as a variable calledi1 in the worksheet Window; they can now be used just like any
other variable, for example, to construct scatterplots. Each time you ask Minitab to
save leverages like this, it will add a new variable to the dataset and increment the
end digit by one; for example, the second time you save leverages they will be called
HI2.

27 To saveCook’s distancesn a multiple linear regression model, select
Stat > Regression > Regression.

Move the response variable into tResponse box and the predictor variables into the
Predictors box. Before hittingok, click the Storage button and checkook’s distance
underbiagnostic Measures in the subsequemegression: Storage dialog box. Clickok

to return to the mairmRegression dialog box, and then hibk. Cook’s distances are
saved as a variable callebok1 in the worksheet Window; they can now be used just

like any other variable, for example, to construct scatterplots. Each time you ask
Minitab to save Cook’s distances like this, it will add a new variable to the dataset
and increment the end digit by one; for example, the second time you save Cooks’
distances they will be calledookz2.

28 To create someesidual plots automatically in a multiple linear regression model,
selectstat > Regression > Regression.

Move the response variable into tResponse box and the predictor variables into the
Predictors box. Before hittingok, click theGraphs button and selecttandardized under
Residuals for Plots understandardized Residual Plots in the subsequemegression - Graphs

dialog box. Checlresiduals versus fits underindividual plots to create a scatterplot of

the studentized residuals on the vertical axis versus the standardized predicted values
on the horizontal axis. You could also move individual predictor variables into the
Residuals versus the variables box to create residual plots with each predictor variable

on the horizontal axis. Clickk to return to the mairegression dialog box, and then

hit oK.

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 &orrelation matrix of quantitative variables (useful for checking potential
multicollinearity problems), selectat > Basic Statistics > Correlation.

Move the variables into theariables box and hitok.
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30 To find variance inflation factors in multiple linear regression, select
Stat > Regression > Regression.

Move the response variable into tResponse box and the predictor variables into
the Predictors box. Before hittingok, click the options button and checkariance
inflation factors underDisplay in the subsequemegression - Options dialog box. Click
OK to return to the mairegression dialog box, and then h@tk. The variance inflation
factors are in the last column of the main regression output under “VIF.”

31 To draw apredictor effect plot for graphically displaying the effects of transformed
guantitative 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). Then selegiph > Scatterplot.

Choosewith Connect and Groups and move the “X1effect” variable into the first row
of theY variables column and X1 into the first row of thevariables column.

If the “X1effect” variable just involves X1 (e.g., 1+3X1+4X) you can hitok at

this point.

Otherwise, if the “Xleffect” variable also involves a qualitative variable (e.g.,
1-2X1+3D2X1, where D2 is an indicator variable), you should move the qualitative
variable into thecategorical variables for grouping box before hittingok. See Section 5.4

for an example.



