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Discriminate three types of flowers (Irisdat.sta)

Overview. This example is based on a classic example data set reported by Fisher (1936). It contains the
lengths and widths of sepals and petals of three types of irises (Setosa, Versicol, and Virginic). The
purpose of the analysis is to learn how one can discriminate between the three types of flowers, based on
the four measures of width and length of petals and sepals. In principle, all discriminant analyses address
similar questions. If you are an educational researcher, you could substitute "type of flower" with "type
of drop-out,” and the variables (measures of sepal/petal widths and lengths) with “grades in four key
courses." If you are a social scientist, you could study variables that predict people's choices of careers. In
a personnel selection study, you could be interested in variables that discriminate between employees
who will perform above average and will later be promoted, employees who do an adequate job, and
employees who are unacceptable. Thus, even though the present example falls into the domain of biology,
the general procedures shown here are generally applicable.

Specifying the Analysis.

Datafile. The data file for this analysis is Irisdat.sta. A partial listing of the file is shown below. Open this
data file via the File - Open Examples menu; it is in the Datasets folder.

BEf Data: Irisdat_sta [5v by 150c) M=l E3
Fisher (1538) iris data: length & width of sepals and petals, 3 typ
1 2 3 4 5
SEPALLEN | SERPALWID | PETALLEN | PETALWID | IRISTYPE
1 5l 3.3 1.4 0.2 SETOSA
2 B.4 248 Ak 22WIRGIMIC
3 B.A 248 45 1.5 WERSICOL
4 B.7 3.1 R 24 VIRGIMIC
5 6.3 28 5.1 1.5 VIRGINIC
G 456 3.4 1.4 0.3 SETOSA
7 B4 3.1 5.1 2.3 WIRGIMIC
a G.2 22 45 1.5 WERSICOL
4 4 3.2 4.8 1.8 WVERSICOL
10 45 36 1 0.2 SETOSA
1 5.1 3 45 1.4 VERSWDLI
IR AW

The first two variables in this file (Sepallen, Sepalwid) pertain to the length and width of sepals; the next
two variables (Petallen, Petalwid) pertain to the length and width of petals. The last variable in this file is
a grouping or coding variable that identifies to which type of iris each flower belongs (Setosa, Versicol,
and Virginic). In all, there are 150 flowers in this sample, 50 of each type.

Startup Panel. Select Discriminant Analysis from the Statistics - Multivariate Exploratory Techniques
menu to display the Discriminant Function Analysis Startup Panel. On the Quick tab, select the
Advanced options (stepwise analysis) check box. Click the Variables button to display the standard
variable selection dialog. Here, select Iristype as the Grouping variable and the remaining variables as the
Independent variable list that will be used in order to discriminate between iris types, and then click the
OK button.
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E Discriminant Function Analyszis: Inisdat. sta
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3] Wariables | Cancel |
[Erouping: IRISTYPE E Options |
Independent: SEPALLEM-PETALWID
Codes for grouping variable: | none [ OpenData |

¥ &dvanced options [stepwize analysiz] M ﬂl

MO deletion——
For advanced dizcriminant function analyses use the Genaral &+ Casewise
Discriminant Analysis hiodels module. = Mean
substitution

Next, specify the codes that were used in the grouping variable to identify to which group each case
belongs. Click the Codes for grouping variables button and either enter 1-3, click the All button, or use
the asterisk (*) convention to select all codes on the Select codes for grouping variable dialog.

Select codes for grouping variable:

IRISTYPE: Zaam | ok |

ISETDS.-’-‘-.-UIHGINIE Cancel |

Click the OK button to return to the Startup Panel. Alternatively, you can click the OK button on the
Startup Panel and STATISTICA will automatically search the grouping variable(s) and select all codes
for those variables.

Deletion of missing data. This particular data file does not contain any missing data. However, if there
are missing data in the file, you can either choose to ignore cases with missing data (select the Casewise
option button under MD deletion) or to substitute missing data by the respective means (select the Mean
substitution option button under MD deletion).

Reviewing Descriptive Statistics. Now click the OK button on the Startup Panel to begin the analysis. If
you have selected the Advanced options (stepwise analysis) check box on the Startup Panel, the Model
Definition dialog will be displayed, which is used to define the discriminant analysis and to review the
descriptive statistics. Click on the Descriptives tab.
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%Hudel Definition: Irisdat.sta

@ Wariables: |

SEFALLEM-PETALWID Cancel

Cluick: I Advanced  Descriptives | |

E Optians *

Review descriptive statistics |

Before specifying the discriminant function analysis, click the Review descriptive stats button to look at
the distribution of some of the variables and their intercorrelations. This displays the Review Descriptive

Statistics dialog.
BB Review Descriptive Statistics: Irisdat sta |

Guick. | fithir I Bl cazes |

fn  Pooled within-groups covanances b comelations | Cancel |

iiiii Means & number of cases | [® Options - |

First, look at the means. On the Quick tab, click the Means & numbers of cases button to display a
spreadsheet with the means and valid N for each group and for all groups combined.
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B Data: Means [Irisdat]) _ O] =]
Means (Irisdat. sta) =
SEFALLEN | SEPALWID | PETALLEMN | PETALWID | %alid M

IRISTYPE

SETOSA, 5006000 3.428000 1.462000 0.246000 ol

VYERSICOL 5.935[":"]' E.F?DDDD! 4. 260000 1.326000 ol

YIRGIMIC G.5858000 29740000 5552000 2026000 ol

All Grps 5.843333 3057333 3753000 1.199333 1EE|;|

NN A

Producing a histogram from a spreadsheet. In order to produce a histogram of the frequency distribution
for a variable, first click on the desired spreadsheet column to select it. For example, to produce the
histogram for variable Sepalwid, move the cursor to the second column of the above spreadsheet. Then,
right-click and select Graphs of Input Data - Histogram Sepalwid - Normal Fit from the resulting shortcut
menu to produce the following graph.

me Hiztogram [Irizdat_sta 5y=150c)

IS [=] E3

Histogram (Irisdat.sta Sw™ 150
SEPALWID = 15070 2 nomal(s, 3.0573, 043507
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Many other options to graphically view the data are available on the Review Descriptive Statistics dialog.
These options are described below.

Box and whisker plot. On the All cases tab, click the Box plot of means button to produce a box and

whisker plot of the independent variables. A standard variable selection dialog is first displayed; select all
of the variables and then click the OK button. Next, the Box-Whisker Type dialog is displayed, select the
Mean/SD/1.96*SD option button and then the OK button.
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=5 Box & Whisker Plot [_ (O]
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This plot is useful to summarize the distribution of the variables by three components:
A central line to indicate central tendency or location (i.e., mean or median);

A box to indicate variability around this central tendency (i.e., quartiles, standard errors, or standard
deviations);

Whiskers around the box to indicate the range of the variable [i.e., ranges, standard deviations, 1.96 times
the standard deviations (95% normal prediction interval for individual observations around the mean), or
1.96 times the standard errors of the means (95% confidence interval)].

You can also view the distribution of the variables within each level of the grouping variable by clicking
the Box plot of means by group button on the Within tab. Select the variable Petallen in the variable
selection dialog and then click the OK button. In the Box-Whisker Type dialog, select the
Mean/SD/1.96*SD option button and then click the OK button.

me Boxplot by Group Mi=] E3
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Categorized histograms. You can graphically display histograms of a variable as categorized by a
grouping variable when you click the Categorized histogram by group button on the Within tab. When
you click this button, a standard variable selection dialog is displayed in which you can select a variable

5
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from a list of the previously selected independent variables. For this example, select the variable
Sepalwid and then click the OK button. The histograms as categorized by the grouping variable selected
in the Startup Panel are shown below.

me Categorized Histogram: SEPALWID =]

Categorized Histogram: SEPALWID

IRISTYPE: SETOSA SEPALID = 50702 nommalix, 3.428, 0.3791)
IRISTYPE: WERSICOL SEPALNID = 5070 2" nommal(x, .77, 0.31.38)
IRISTYPE: "ARGINIC SEPALMID = 5070 .2 nommalix, 2.974, 022247

|

Mo of obs

IRIETYPE: WIRGIHIC
SEPALMIDO

As you can see, this variable is basically normally distributed within each group (type of flower).

Scatterplots. Another type of graph of interest would be the scatterplots of correlations between variables
included in the analysis. To graphically view the correlations between variables together in a matrix
scatterplot, click Plot of total correlations button on the All cases tab. Select all variables in the variable
selection dialog and then click the OK button.

e Correlations [Irisdat.sta 5¥=150c]) H=]

Comelations (Iisdat.sta Sv™150c)

FErALN D

Now, look at the scatterplot for variables Sepallen and Petallen. Select Scatterplots from the Graphs
menu to display the 2D Scatterplots dialog. On the Quick tab, click the Variables button and in the
variable selection dialog, select Petallen as the X variable, Sepallen as the Y variable, and then click the
OK button. Next, select the Confidence option button under Regression bands. Now, click the OK button.
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me Scatterplot [Irisdat_sta 5¥=150c) [_ (O]

Scatterplot (Iisdat.sta Sw™ 1506

SEFALLEN = 43066+ 4055™x
2.4

PETALLEM

It appears that there are two "clouds™ of points in this plot. Perhaps the points in the lower-left corner of
this plot all belong to one iris type. If so, then there is good "hope™ for this discriminant analysis.
However, if not, then the possibility that the underlying distribution for these two variables is not
bivariate normal, but rather multi-modal with more than one "peak,"” would have to be considered. To
explore this possibility, create a categorized scatterplot of variables Petallen by Sepallen, categorized by
Iristype. Select Scatterplots from the Graphs - Categorized Graphs menu to display the 2D Categorized
Scatterplots dialog. On the Quick tab, click the Variables button to display the standard variable selection
dialog. Here, select variable Petallen as the Scatterplot X, variable Sepallen as the Scatterplot Y, variable
Iristype as the X-Category, and then click the OK button. Also, click the Overlaid option button under
Layout and then click the OK button on the 2D Categorized Scatterplots dialog to produce the following
plot.

me Scatterplot [Irisdat_sta 5y=150c)” [_ (O]
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This scatterplot shows the correlation between variables Sepallen and Petallen within groups. Thus, it can
be concluded that the assumption of a bivariate normal distribution within each group is probably not
violated for this particular pair of variables.
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Specifying Discriminant Function Analysis. Now, return to the primary goal of the analysis; click the
Cancel button on the Review Descriptive Statistics dialog to return to the Model Definition dialog.
Perform a stepwise analysis in order to see what happens at each step of the discriminant analysis. On the
Advanced tab, select Forward stepwise in the Method box. In this setting, STATISTICA will enter
variables into the discriminant function model one by one, always choosing the variable that makes the
most significant contribution to the discrimination.

BB Model Definition: Irisdat sta |

@ Wariables: |
SERALLEM-PETALWID Cancel |

Guick  Advanced I Descriptivesl
E Optionz |

Method: I Forward stepwize j

Tolerance: .m0 E

Stepwize options:

E to enter: |1 0o E
F to remove; IEI.EIEI
Mumber of steps: |4

Dizplay results: ISummar_l,l anly j

Stop rules. STATISTICA will keep "stepping™ until one of four things happen. The program will
terminate the stepwise procedure when:

All variables have been entered or removed, or
The maximum number of steps has been reached, as specified in the Number of steps box, or

No other variable that is not in the model has an F value greater than the F to enter that is specified in this
dialog and when no other variable in the model has an F value that is smaller than the F to remove
specified in this dialog, or

Any variable after the next step would have a tolerance value that is smaller than that specified in the
Tolerance box.

F to enter/remove. When stepping forward, STATISTICA will select the variable for inclusion that
makes the most significant unique (additional) contribution to the discrimination between groups; that is,
STATISTICA will choose the variable with the largest F value (greater than the respective user-specified
F to enter value). When stepping backward, STATISTICA will select the variable for exclusion that is
least significant, that is, the variable with the smallest F value (less than the respective user-specified F to
remove value). Therefore, if you want to enter all variables in a forward stepwise analysis, set the F to
enter value as small as possible (and the F to remove to 0).

If you want to remove all variables from a model, one by one, set F to enter to a very large value (e.g.,
9999), and also set F to remove to a very large value that is only marginally smaller than the F to enter
value (e.g., 9998). Remember that the F to enter value must always be set to a larger value than the F to
remove value.
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Tolerance. The meaning of the Tolerance value was introduced in the Introductory Overviews. In short,
at each step STATISTICA will compute the multiple correlation (R-square) for each variable with all
other variables that are currently included in the model. The tolerance value of a variable is then
computed as 1 minus R-square. Thus, the tolerance value is a measure of the redundancy of a variable.

For example, if a variable that is about to enter into the model has a tolerance value of .01, then this
variable can be considered to be 99% redundant with the variables already included. At one point, when
one or more variables become too redundant, the variance-/covariance matrix of variables included in the
model can no longer be inverted, and the discriminant function analysis cannot be performed.

It is generally recommended that you leave the Tolerance setting at its default value of 0.01. If a variable
is included in the model that is more than 99% redundant with other variables, then its practical
contribution to the improvement of the discriminatory power is dubious. More importantly, if you set the
tolerance to a much smaller value, round-off errors may result, leading to unstable estimates of
parameters.

Starting the analysis. After reviewing the different options on this dialog, you can proceed in the usual
manner, that is, do not change any of the default settings for now. However, in order to view the results
of the analyses at each step, change the Display results box to At each step. Now, click the OK button to
begin the discriminant analysis.

Reviewing the Results of Discriminant Analysis.

Results at Step 0. First, the Discriminant Function Analysis Results dialog at Step 0 is displayed. Step 0
means that no variable has yet been included into the model.

%Discriminant Function Analysis Besults: Insdat.sta ﬂ!

Stepwise Analysis - Btep 0O
Muawber of wariables in the model: 0O

WMilk=s' Lawbda: 1._000000

Guick. | Advanced | Claszification | LT

[5unH]

Summary: “anablez in the model |

iiiii Yariables nat ik the model | E O ptions * |

Mext |

Because no variable has been entered yet, most options on this dialog are not yet available (i.e., they are
dimmed). However, you can review the variables not in the equation via the Variables not in the model
button.
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[ Data: Variables currently not in the model [lrizdat)*

Yariables currently not in the model (lrisdat. sta)
Of for all F-tests: 2,147

Wilks' | Partial F to p-leval Taler. | 1-Taler.
=150 Lamhda | Lambda enter (R-Sar]
SEFALLEN |D.381294_D.381294 119,265 0.000000 | 1.000000 0.0o0
SEPALWID | 0599217 0.599217 49160 0.000000 | 1.000000 0.0o0
FETALLER | 0.055625 0.055628 1130.161 0.000000 1.000000 0.00
FETALWID | 0.071117 0.071117 950,007 0.000000 ) 1.000000 III.EI_EI|;|
d 7

4]

Wilks' lambda. In general, Wilks' lambda is the standard statistic that is used to denote the statistical
significance of the discriminatory power of the current model. Its value will range from 1.0 (no
discriminatory power) to 0.0 (perfect discriminatory power). Each value in the first column of the
spreadsheet shown above denotes the Wilks' lambda after the respective variable is entered into the
model.

Partial Wilks' lambda. This is the Wilks' lambda for the unique contribution of the respective variable to
the discrimination between groups. In a sense, one can look at this value as the equivalent to the partial
correlation coefficients reported in Multiple Regression. Because a lambda of 0.0 denotes perfect
discriminatory power, the lower the value in this column, the greater is the unique discriminatory power
of the respective variable. Because no variable has been entered into the model yet, the Partial Wilks'
lambda at step 0 is equal to the Wilks' lambda after the variable is entered, that is, the values reported in
the first column of the spreadsheet.

F to enter and p-level. Wilks' lambda can be converted to a standard F value (see Notes), and you can
compute the corresponding p-levels for each F. However, as discussed in the Introductory Overviews,
one should generally not take these p-levels at face value. One is always capitalizing on chance when
including several variables in an analysis without having any a priori hypotheses about them, and
choosing to interpret only those that happen to be "significant” is not appropriate.

In short, there is a big difference between predicting a priori a significant effect for a particular variable
and then finding that variable to be significant, as compared to choosing from among 100 variables in the
analysis the one that happens to be significant. Without going into details, in purely practical terms, in the
latter case, it is not very likely that you would find the same variable to be significant if you were to
replicate the study. When reporting the results of a discriminant function analysis, you should be careful
not to leave the impression as if only the significant variables were chosen in the first place (for some
theoretical reasons), when, in fact, they were chosen because they happened to "work."

Looking at the spreadsheet above, you can see that the largest F to enter is shown for variable Petallen.
Thus, that variable will be entered into the model at the next (first) step.

Tolerance and R-square. The Tolerance value was discussed earlier in this section (refer also to the
Introductory Overviews); to reiterate, it is defined as 1 minus R-square of the respective variable with all
other variables in the model, and this value gives an indication of the redundancy of the respective
variable. Since no other variables have been chosen yet, all R-squares are equal to 1.0.

Results at Step 2. Now, click the Next button to go to the next step. Step 1 will not be discussed here, so
click the Next button again to go to Step 2 (the model with 2 variables). The Discriminant Function
Analysis Results dialog will look like this.
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%Discriminant Function Analysis Besults: Insdat.sta ﬂ!

Stepwise Analysis - Btep 2

HMunker of wvariables in the model: =2
Last wariahle entered: SEPALWID F (2,147}
WMilk=s' Lamhda: _03583841 approx. F (4 292}

43 03845 p = 0000

207.1047 p < n.nnnn£=|v|

Quick: | Advanced | Classification |

Gin  Summany: Yaniables in the model | Cancel |
iiiii YWariables not in the model | [®] Options |

Mext |

Overall, the discrimination between types of irises is highly significant (Wilks' Lambda = .037; F = 307.1,
p<0.0001). Now look at the independent contributions to the prediction for each variable in the model.

Variables in the model. Click the Summary: Variables in the model button to display the spreadsheet of
results for the variables currently in the model. As you can see, both variables are highly significant.

[ Data: Digcriminant Function Analpsiz Summary [lrizdat)

Discriminant Function Analysis Summary (Irisdat. sta)
Step 2, N of vars in model: 2; Grouping: IRISTYPE (3 grps)
Wilks' Lambda: 03688 approx. F (4 292=307 10 p<0.0000

Wilks' | Partial | F-remove | p-leval Taler. 1-Toler.
M=150 Lamhbda | Lambda | (2 146) (F-Sgr)
PETALLEN |0.59321710.061554 1112.954 0.000000 0.857173 0.142821
SEPALWID | 0053625 0.629118 43.035 0.000000) 0857179 D.1f1282_1|;|

0 2

Variables not in the model. Now click the Variables not in the model button to display a spreadsheet with
the same statistics that were reviewed earlier.

B Data: Yariables currently not in the model [Irisdat]

“ariables currently not in the model (Irisdat. sta)
Df for all F-tests: 2,145
Wilks' | Fartial Fto p-level Toler. | 1-Taler.
MN=150 Lambda | Lambda | enter (B-Sar.)
SEPALLEN [0.03154610.855271 12.26848 0.000012 0358493 0.641507
PETALWID | 0024576 0577135 34 56869 0.000000 0 653305 EI.331EI9_5|;|
A

4]
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As you can see, both variables that are not yet in the model have F to enter values that are larger than 1;
thus, you know that the stepping will continue and that the next variable that will enter into the model is
the variable Petalwid.

Results at Step 4 (Final Step).

Once again, click the Next button in the Discriminant Function Analysis Results dialog to go to the next
step in the analysis. Step 3 will not be reviewed here, so click the Next button again to go to the final step
in the analysis - Step 4.

%Discriminant Function Analpsiz Results: Insdat. sta ﬂ!

Stepwise Analysis - Step 4 (Final Step)

Munher of wariables in the model: 4
Last wariahle entered: SEPALLEN F (Z,144)
WMilks' Lamhda: _0z34386 approx. F (8, EZE88)

4_TFELLEEZ p = .0103

199.1454 p < D.DDDDE tIvI

[=uHH]

Surmmary

F Summany: Yariables in the model | Cancel |
iiiii Wariables not in the model | [ Options + |

Guick. | Advanced | Claszification |

Now, click the Summary: Variables in the model button to review the independent contributions for each
variable to the overall discrimination between types of irises.

B Data: Discriminant Function Analysiz Summary [Inisdat)

Dizscriminant Function Analysis Summary (Irisdat. sta)
Step 4, N oof vars in model: 4; Grouping: IRISTYPE (3 grps)

Wilks' Lambda: 02344 approx. F (8,288=199.15 p<0.0000

Wilks" | Partial | F-remove | p-leval Taler. 1-Taoler.
M=150 Lamhbda | Lambda | (2144 (H-Sgr
PETALLEHN |D.I335D25_D.5592DE 35590158 0.000000 0.365126 | 0.6345374
SEPALWID | 0.030550) 0.766480  21.93593 0.000000 0608559 0.391141
FETALWID | 0.031545 0.743001 24 90433 0.000000 0.649314 | 0.350655
SEPALLERN | 0.024975 0938464 472115 0.010329  0.3479593 EI.EEEEIEEF

0 ol

The Partial Wilks' Lambda indicates that variable Petallen contributes most, variable Petalwid second
most, variable Sepalwid third most, and variable Sepallen contributes least to the overall discrimination.
(Remember that the smaller the Partial Wilks' Lambda, the greater is the contribution to the overall
discrimination.) Thus, you may conclude at this point that the measures of the petals are the major
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variables that allow you to discriminate between different types of irises. To learn more about the nature
of the discrimination, you need to perform a canonical analysis. Thus, click on the Advanced tab.

Canonical Analysis. Next, compute the actual discriminant functions to see how the four variables
discriminate between the different groups (types of irises). Click the Perform canonical analysis button
to perform the canonical analysis and open the Canonical Analysis dialog.

E Canonical Analysis: Inisdat_sta

Guick. | Advanced I Canonical scores |

Fie  Summany: Chi square tests of successive moots | | Cancel I
[®] Options » |

Coefficients for canonical wariables

As discussed in the Introductory Overviews, STATISTICA will compute different independent
(orthogonal) discriminant functions. Each successive discriminant function will contribute less to the
overall discriminatory power. The maximum number of functions that is estimated is either equal to the
number of variables or the number of groups minus one, whichever number is smaller. In this case, two
discriminant functions will be estimated.

Significance of roots. First, determine whether both discriminant functions (roots) are statistically
significant. Click the Summary: Chi square test of successive roots button and the following spreadsheet
is displayed.

HEH# Data: Chi-Square Tests with Successive Roots Remove... M= E3

Chi-Square Tests with Successive Roots Removed (lrisc=
Foots Eigen- | Canonicl | YWilks' | Chi-2gr. | df | p-level
Femoved | walue R Lambda
0 321915931 0284821 0023432 2461153 8 0.000000
1 028533 0471157 0777973 36.5257 3 EI.EIEIEIEIEI_EI|;|
IR AW

In general, this spreadsheet reports a step-down test of all canonical roots. The first line always contains
the significance test for all roots; the second line reports the significance of the remaining roots, after
removing the first root, and so on. Thus, this spreadsheet tells you how many canonical roots
(discriminant functions) to interpret. In this example, both discriminant (or canonical) functions are
statistically significant. Thus, you will have to come up with two separate conclusions (interpretations) of
how the measures of sepals and petals allow you to discriminate between iris types.
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Discriminant function coefficients. Click the Coefficients for canonical variables button. Two
spreadsheets are produced, one for the Raw Coefficients and one for the Standardized Coefficients. Now,
look at the Raw Coefficients spreadsheet.

f# Data: Raw Coeflicients [Irisdat)* M= E3

Raw Coefficients (lrisdat. sta)
for Canonical Yariables
Root 1 Foot 2

“Yariahle
PETALLEN | -2.20121_ -0.93192
SERPALWID 1.63447 2.16452
PETALYWID -2.81046 2.83919
SEFPALLEM 0.82933 0.02410
Constant 210511 -5.66147
Eigenval 3219193 0.28539
Curm. Prop 09911 “I.EIEIEIEI_EI|;|
< b

Raw here means that the coefficients can be used in conjunction with the observed data to compute (raw)
discriminant function scores. The standardized coefficients are the ones that are customarily used for
interpretation, because they pertain to the standardized variables and therefore refer to comparable scales.

B Data: Standardized Coefficients (Ir... [H[=] E3

Standardized Coefficients (lrisd:
for Canonical Yariables
Root 1 Foot 2

“Yariahle
PETALLEN | -D.E:lfl?EE_ -0.401033
SERPALMID 052124 0.735261
PETALWID -0.57516 0.581040
SEFALLEM 0.42695 0.012408
Eigenval 32.19193 0.285391
Curn.Frop 0.9911 1.EIEIIIIEIEI_EIIj
<l ol

The first discriminant function is weighted most heavily by the length and width of petals (variable
Petallen and Petalwid, respectively). The other two variables also contribute to this function. The second

function seems to be marked mostly by variables Sepalwid, and to a lesser extent by Petalwid and
Petallen.

Eigenvalues. Also shown in the spreadsheet above are the Eigenvalues (roots) for each discriminant
function and the Cumulative Proportion of explained variance accounted for by each function. As you
can see, the first function accounts for over 99% of the explained variance; that is, 99% of all

discriminatory power is explained by this function. Thus, this first function is clearly the most
"important” one.

Factor structure coefficients. These coefficients (which can be viewed via the Factor structure button on
the Canonical Analysis - Advanced tab) represent the correlations between the variables and the
discriminant functions and are commonly used in order to interpret the "meaning” of discriminant
functions (see also the discussion in the Introductory Overviews).
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In educational or psychological research it is sometimes desired to attach meaningful labels to functions
(e.g., "extroversion,” "achievement motivation"), using the same reasoning as in factor analysis (see
Factor Analysis). In those cases, the interpretation of factors should be based on the factor structure
coefficients. However, such meaningful labels for these functions will not be considered for this example.

f88 Data: Factor Structure Matrix [lrizdat)* M=l

Factor Structure Matrix (Irisdat. sta) =

Correlations “ariables - Canonical Roots

(Fooled-within-groups correlations)

Root 1 Foot 2

“ariahle
PETALLEN | -0.7060651 Q167701
SEPALWID 0119012 0.863631
FETALWYID -0.633178 0737242
SEFALLEN 0222595 D.31DBE|;|
IR AW

Means of canonical variables. You now know how the variables participate in the discrimination between
different types of irises. The next question is to determine the nature of the discrimination for each

canonical root. The first step to answer this question is to look at the canonical means. Click the Means of
canonical variables button on the Advanced tab.

B Data: Means of Canonical Variable... [lj[=] E3

beans of Canonical Wariables |

=

Root 1 Foot 2
Sroup
SETOSA | ?.ED?ED_ 0215133
YERSICOL -1.82605 -0.727300

WIRGIMIC -5 78255 D.512ﬂi|;|
IR 2

Apparently, the first discriminant function discriminates mostly between the type Setosa and the other iris
types. The canonical mean for Setosa is quite different from that of the other groups. The second
discriminant function seems to distinguish mostly between type Versicol and the other iris types;

however, as one would expect based on the review of the eigenvalues earlier, the magnitude of the
discrimination is much smaller.

Scatterplot of canonical scores. A quick way of visualizing these results is to produce a scatterplot for the
two discriminant functions. Click on Canonical Analysis - Canonical Scores tab and then click the
Scatterplot of canonical scores button to plot the unstandardized scores for Root 1 vs. Root 2.
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me Root 1 vs. Root 2 =] E3
Root 1 ws. Root 2
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Root 1

This plot confirms the interpretation so far. Clearly, the flowers of type Setosa are plotted much further to
the right in the scatterplot. Thus, the first discriminant function mostly discriminates between that type of
iris and the two others. The second function seems to provide some discrimination between the flowers of
type Versicol (which mostly show negative values for the second canonical function) and the others
(which have mostly positive values). However, the discrimination is not nearly as clear as that provided
by the first canonical function (root).

Summary. To summarize the findings so far, it appears that the most significant and clear discrimination
is possible for flowers of type Setosa by the first discriminant function. This function is marked by
negative coefficients for the width and length of petals and positive weights for the width and length of
sepals. Thus, the longer and wider the petals, and the shorter and smaller the sepals, the less likely it is
that the flower is of iris type Setosa (remember that in the scatterplot of the canonical functions, the
flowers of type Setosa were plotted to the right, that is, they were distinguished by high values on this
function).

Classification. Now, return to the Discriminant Function Analysis Results dialog (click the Cancel button
on the Canonical Analysis dialog) and turn to the problem of classification. As discussed in the
Introductory Overviews, one goal of a discriminant function analysis is to enable the researcher to
classify cases. Now, see how well the current discriminant functions classify the flowers.

Classification Functions. First look at the classification functions. As described in the Introductory
Overview, these are not to be confused with the discriminant functions. Rather, the classification
functions are computed for each group and can be used directly to classify cases. You would classify a
case into the group for which it has the highest classification score. Click on the Discriminant Function
Analysis Results - Classification tab and then click the Classification functions button to see those
functions.
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B Data: Classification Functions: grouping: IRISTYPE ... M= E3
Clagsification Functions; grouping: IRISTYPE {Ir =
SETOSA YERSICOL YIRGIMIC
“ariable p=.33333 p=.33333 p=.33333
PETALLEN | -15.43DE_ 02115 12767
SERPALWID 2355879 70725 3.685
FETALYWID -17.3954 G.4342 21.079
SERPALLEM 23.5442 15.R952 12,446
Constant -0R.3085 -F2.B526 -1D11.35_E||j
NN AW

You could use these functions to define the transformations for three new variables. As you would then
enter new cases, STATISTICA would automatically compute the classification scores for each group.

A priori Probabilities. As discussed in the Introductory Overviews, you can specify different a priori
probabilities for each group (by using the User defined option button under A priori classification
probabilities on the Classification tab). These are the probabilities that a case belongs to a respective
group, without using any knowledge of the values for the variables in the model. For example, you may
know a priori that there are more flowers of type Versicol in the world, and therefore, the a priori
probability of a flower to belong to that group is higher than that for any other group. A priori
probabilities can greatly affect the accuracy of the classification. You can also compute the results for
selected cases only (by using the Select button). This is particularly useful if you want to validate the
discriminant function analysis results with new additional data. However, for this example, simply accept
the default selection of the Proportional to group sizes option button.

Classification Matrix. Now, click the Classification matrix button. In the resulting spreadsheet, the
second line in each column header indicates the a priori classification probabilities.

[ Data: Classification M atrix [Irizdat)*

Classification Matrix (Irisdat. sta)
Rows: Obsered classifications
Columns: Predicted classifications

Percent | SETOSA | WERSICOL | YIRGIMIC

Sroup Correct | p=33333 | p=.33333 | p=.33333
SETOSA | 1IIIIII.EIIIIIIIEI_ a0 1] ]
WERSICOL | 95.0000 ] 43 2
WIRGIMIC 95.0000 ] 1 49
Total 93.0000 a0 49 all=
< b

Because there were exactly 50 flowers of each type, and you chose those probabilities to be proportional
to the sample sizes, the a priori probabilities are equal to 1/3 for each group. In the first column of the
spreadsheet, you see the percent of cases that are correctly classified in each group by the current
classification functions. The remaining columns show the number of cases that are misclassified in each
group, and how they are misclassified.

A priori versus post hoc classification. As discussed in the Introductory Overviews, when classifying
cases from which the discriminant functions were computed, you usually obtain a fairly good
discrimination (although usually not as good as in this example). However, you should only look at those
classifications as a diagnostic tool for identifying areas of strengths and weaknesses in the current
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classification functions, because these classifications are not a priori predictions but rather post hoc
classifications. Only if you classify different (new) cases can you interpret this table in terms of
predictive discriminatory power. Thus, it would be unjustified to claim that you can successfully predict
the type of iris in 98 percent of all cases, based on only four measurements. Because you capitalized on
chance, you could expect much less accuracy if you were to classify new cases (flowers).

Classification of Cases.

Mahalanobis distances and posterior probabilities. Now, return again to the Results dialog. As described
in the Introductory Overviews, cases are classified into the group to which they are closest. The
Mahalanobis distance is a measure of the distance that can be used in the multivariate space defined by
the variables in the model. You can compute the distance between each case and the center of each group
(i.e., the group centroid, defined by the respective group means for each variable). The closer the case is
to a group centroid, the more confidence you can have that it belongs to that group. Mahalanobis
distances can be computed by clicking the Squared Mahalanobis distances button on the Classification
tab. Shown below is part of the Squared Mahalanobis Distances from Group Centroids spreadsheet.

B Data: Squared Mahalanobiz Distances from Group Ce._. [Ei[m] B3
Squared Mahalanobis Distances from Group Centroids =
Incorrect classifications are marked with *

Observed | SETOSA | WYERSICOL | WIRGIMIC

Caze Classif. p=.33333 p=.33333 p=.33333

1 | SETOSA_ 0.2419 90.6E02 181.5637

2 WIRGIMICT  208.6713 273188 1.8944

3 WERSICOL  105.2663 22329 13.0720

4 WIRGIMIC  207.9180 31.7492 4 4506

i 5 WIRGIMIC  133.0668 0.2529 72369

5] SETOSA 1.3337 84.0118 170.0565

7 WIRGIMIC  173.1838 26.5520 11.0434

g YERSICOL 131.6617 8.4307 14 7647

i 9 WwERSICOL 1308624 8.6657 6.5063

10 SETOSA 2.2864 113.6509 2100235

11 WERSICOL 99 23358 1.2963 13.8174

* 12| WERSICOL 1490303 8.4393 4.8645

13 WIRGIMIC  153.9817 127512 1.2342

14 WYERSICOL 791079 1.4076 25.5551|;|

NEN A

You can also directly compute the probability that a case belongs to a particular group. This is a
conditional probability, that is, it is contingent on your knowledge of the values for the variables in the
model. Thus, these probabilities are called posterior probabilities. You can request those probabilities via
the Posterior probabilities button. Note that as in the case of the classification matrix, you can select cases
to be classified, and you can specify different a priori probabilities.

Actual classifications. Shown below is a partial listing of the actual classifications of cases (flowers; click
the Classification of cases button).
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EH Data: Classification of Cases [Irisdat]

Case

Classification of Cases (lrisdat.sta)
Incorrect classifications are marked with *

Observed
Classif.

1
p=.33333

2 3
p=.33333 | p=.33333

SETOSA]

| P 0| RO

*| 00|~ N

10

11

*

12

13

14

4]

WIRGIMIC
YERSICOL
WIRGINIC
WIRGINIC
SETOSA
WIRGINIC
VERSICOL
YERSICOL
SETOSA
YERSICOL
YERSICOL
WIRGINIC
YERSICOL

SETOSA
WIRGINIC
WYERSICOL
WIRGINIC
WERSICOL
SETOSA
WIRGINIC
WERSICOL
WIRGIMIC
SETOSA
WYERSICOL
WIRGINIC
WIRGINIC
WYERSICOL

YERSICOL WIRGIMIC
YERSICOL SETOSA
VIRGINIG SETOSA
YERSICOL SETOSA
VIRGINIG SETOSA
YERSICOL WIRGINIC
WERSICOL SETOSA
VIRGINIG SETOSA,
YERSICOL SETOSA
YERSICOL WIRGINIC
VIRGINIG SETOSA
YERSICOL SETOSA
YERSICOL SETOSA

WIRGIMIC SETOSillI
A7

The classifications are ordered into a first, second, and third choice. The column under the header 1
contains the first classification choice, that is, the group for which the respective case had the highest
posterior probability. The rows marked by the asterisk (*) are cases that are misclassified. Again, in this
example, the classification accuracy is very high, even considering the fact that these are all post hoc
classifications. Such accuracy is rarely attained in research in the social sciences.

Summary. This example illustrates the basic ideas of discriminant function analysis. In general, in many
cases where there are naturally occurring groups that you would like to be able to discriminate, this
technique is appropriate. However, as stated at various points in the preceding discussion, if correct
predictive classification is the goal of the research, then at least two studies must be conducted: one in

order to build the classification functions and another to validate them.
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