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BIONUMERICS Tutorial:
ANOVA and MANOVA

1 Introduction

The central goal of an analysis of variance (ANOVA) is to investigate the differences between the
means of a (set of) quantitative variable(s) across a number of groups. The main ingredients of an
ANOVA are:

o Explanatory variables: one or more qualitative variables that determine the group member-
ship of an entry. Therefore, explanatory variables sometimes are called grouping variables.
An explanatory variable takes values from a finite set of possibilities, i.e. is categorical or
binary.

e Response variables: one or more quantitative variables. A response variable is treated as
a real number.

With only one response variable, the ANOVA is called univariate, whereas for more than one
response variable the ANOVA is called multivariate (or MANOVA).

In this tutorial some of the features of the BIONUMERICS MANOVA window will be illustrated
using a sample data set (see 2). The different tests and plots present in the MANOVA window will
not be covered in detail in this tutorial. For detailed information we refer to the BIONUMERICS
reference manual.

2 Example data

To illustrate the full possibilities of the MANOVA window, a separate data set is made available via
the Applied Maths website (https://www.applied-maths.com/download/sample-data, click on
"MANOVA sample data”).

The sample data set describes an experiment in which the optimal conditions for growth and
product formation were determined for a bacterial strain in a broth with a certain carbon source.
Two different nitrogen sources were evaluated (yeast extract and ammonium chloride) and three
different incubation temperatures (30, 35 and 37°C). These represent the explanatory variables
(or grouping variables) in the MANOVA. The experiments were done in 24-well micro titer plates
of which four wells were not inoculated. Therefore, 20 replicates are available for each condition.
Bacterial growth was evaluated after 24 hours using dry cell weight (in mg/ml) and optical density
at 600 nm. The yield of a desired fermentation product was determined using gas chromatography
and expressed in mM. The data are available as a tab-delimited text file, designated MANOVA . TXT.
It is recommended to create a new, separate database.


https://www.applied-maths.com/download/sample-data

3 Preparing the database

1. In the BIONUMERICS Startup window, create a new database as described in the tutorial "Cre-
ating a new database”.

In the new empty database, we will first create a new character type experiment:

2. In the Main window, highlight the Experiment types panel and select Edit > Create new ob-
ject... (+).

3. Highlight Character type and press <OK>.
4. Enter a name for the character type, e.g. “Fermentations” and press <Next>.

5. Check Numerical values, set two decimal digits and press <Next> (see Figure 1).

MNew character type ? *

What kind of data do you wart to use in the character
type?
(O Binary data (1/0)

< Back Next = Cancel

Figure 1: New character type experiment.

6. Set 100 as Max value and press <Finish> to complete the creation of the new character type.
The new character type is added to the Experiment types panel.

7. In the Main window, select File > Import... (7, Ctrl+l).

8. In the Import dialog box, expand Character type data, highlight Import fields and characters
(text file) and press <Import>.

9. Browse for the MANOVA . TXT file and press <Next>.
10. Highlight the row that corresponds to Experiment and press < Edit destination>.
11. In the Edit data destination dialog box, highlight Key and press <OK>.

12. Highlight the rows that correspond to Temperature, N-source and Replica using the Shift-key,
and press < Edit destination>.

13. In the Edit data destination dialog box, highlight Entry info field and press <OK>.

14. In the Create new dialog box that appears, leave the default names unaltered and press < OK >.
Confirm the action.

15. Highlight the three remaining file fields and press < Edit destination> again.
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3. Preparing the database 3

Edit data destination ? *

e @ =Mones
- @ Entry info field
-{@ Character value

S8 = Fermentations.
+-[J Character mapping
F_‘| Character et info field

Figure 2: Link to character type experiment.

16. In the Edit data destination dialog box, highlight Fermentations (located under Character
value) and press <OK> (see Figure 2).

17. In the Create new dialog box that appears, leave the default names unaltered and press <OK>.
Confirm the action.

The Import rules dialog box should now look like in Figure 3.

Import template ? *

Import rules
Select import sources and the database destinations

Source type Source Destination type Destination
Experiment Entry information
File field Temperature Entry information : Entry info field Temperature
File field N-zource Entry information : Entry info field N-source
File field Replica Entry information : Entry info field Replica
File field Dry weight Character value : Fermentations Dry weight
File field Optical density Character value : Fermentations Optical density
File field Product yield Character value : Fermentations Product yield
Edit destination...
Preview...

|:| Show advanced options

« Back Next = Cancel

Figure 3: The /Import rules dialog box after setting up the template for import of the
example "MANOVA.TXT” file.

18. Press <Next> and <Finish>.

19. Specify a template name (e.g. Fermentation) and press <OK>.
The template is automatically selected.

20. Press <Next> and <Finish> to import the information in the database.
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The example data are imported in the database (see Figure 4), with the growth conditions (=
explanatory variables) as information fields and the growth parameters (= response variables) as
character values.

ANOVA and MANOVA - BioNumerics — O x
File Edit Database Analysis Scripts Window Help
F=H 9O h
& + B eBl B < T Fl + B &I & 2. + 508 B <
T I [ ] remesure : T —CTTT ~
Di';| 1 Fermentations Character types batch_30_a_A2 30 ammonium chloride 1 . ~
batch_30_a A3 30 ammonium chioride 2 .
batch_30_a Ad 30 ammonium chioride 3 .
batch_30_a AS 30 ammonium chioride 4 .
batch_30_a_A6 30 ammonium chioride 5 .
batch_30_a_B2 30 ammonium chioride 6 .
< > batch_30_a_B3 30 ammonium chioride 7 . < >
batch_30_a B4 30 ammonium chioride 8 .
batch_30_a_B5 a ammonium chioride 3 . Dm’smmwks
tBH O8I & < [14s gt 3 gl . B +poeal &
TN ~ n emmorium croride 12 . rame | mouicdb
[ we | Temperature Fixed 30 ammenium chloride 13 .
[J# | N-source Fixed 30 ammenium chioride 14 .
[] # | Replica Fixed 30 ammenium chloride 15 .
30 ammonium chioride 16 .
batch_30_a_D3 30 ammonium chloride 17 .
batch_30_a D4 30 ammonium chioride 18 .
batch_30_a DS 30 ammonium chioride 18 . < >
batch_30_a D6 30 ammonium chioride 20 .
bohssase 3 e . G
E + B ® a‘| Eli:‘ 2 <Al Finge batch_35_a_A3 35 ammonium chioride 2 . + ﬁ ® a‘| Eli:‘ 2
B2 batch 35 a A4 35 ammonium chioride 3 .
riename_____Jexperiment type |k Rl ) NG = s 2 TR T ~
batch_35_a_A6 35 ammonium chioride 5 .
batch_35_a_B2 35 ammonium chioride [ .
batch_35_a_B3 35 ammonium chloride 7 .
batch_35_a_B4 35 ammonium chloride g .
batch_35_a_BS 35 ammonium chloride 9 .
batch_35_a_B6 35 ammonium chioride 10 . v
< > < > <> < >

Database: ANOVA and MANOVA (_DefauttUser_) Entries: Loaded=120, View=120, Selected=120 1 experiments. C\Users\Public\Documents\BioNumerics\Data BNBVANOVA and MANOVA | This is a time limited package valid until 2020- ;|

Figure 4: The Main window after import of the data.

21. Double-click on the Fermentations experiment type in the Experiment types panel of the Main
window.

The Character type window opens listing the three characters in the Characters panel (see Figure
5).

Character type 'Fermentations’ - O X
File Settings Characters Fields Mapping Window Help

& I E 4

+ @ B wvex| t || <Al Characters>

[ | Dry weight 0.00
[] | optical density v 0.00
[ | Product yield - 0.00

Characters

Comparison settings

Fermentations settings

Fermentations: numerical values, closed data set (3 characters)

Comparison settings | Crosslinks | Attachments

Character type Fermentations Characters in view=3

Figure 5: The character type experiment with three characters.

22. Close the Character type window.
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4 Comparison window

1. In the Main window select all entries (e.g. using the Ctrl+A keyboard shortcut).

2. Create a new comparison by highlighting the Comparisons panel in the Main window and se-
lecting Edit > Create new object... ( + ).

3. Select File > Save (B, Ctrl+S). Enter e.g. All fermentations as comparison name and press
<OK>.

4. Clickonthe = next to the experiment name Fermentations in the Experiments panel to display
the fermentation data in the Experiment data panel.

Initially, the character values are displayed as colors according to the color scale defined for each
character.

5. Select Characters > Show values (&) to show the corresponding character values for all
entries in the comparison (see Figure 6).

Comparisen - m} X
File Edit Layout Groups Clustering Statistics Fingerprints Characters Sequence TrendData ReadSets Spectra Composite Window Help
= = e
=R - N — o & hniB b
<All Experiment types= &, Information fields
- mEBEEE 8N 3w 1L
@ &, Fermentatons <A A =% Fermentations
=
B h-)
N £ 5 i
< > = = 5
£ A
= g e
= o Key -
B ® 18 160 3480 batch_30_a_AZ 30 ammonium chioride 1 A
= 376 178 3340 batch_30_a_A3 30 ammonium chioride 2
440 170 2800 batch_30_a_Ad 30 ammonium chioride 3
348 175 80 batch_30_a_AS 30 ammonum chioride 4
606 185 6390 batch_30_a_A6 30 ammonium chioride
352 188 4630 batch_30_a_B2 30 ammonum chioride 6
428 179 6310 B3 |batch_30_a B3 30 ammonium chioride 7
47 182 6950 batch_30_a_B4 30 ammonium chioride &
573 187 3410 batch_30_a_BS 30 ammonium chioride 9
= 409 175 3350 batch_30_a_B6 30 ammonium chioride 10
: = O .30_a |
>
6 ® +§ -E [ 778 1.70 4380 batch_30_a_C2 30 ammonium chioride 11
- 376 177 4930 batch_30_a_C3 30 ammonium chioride 12
41 174 2930 batch_30_a_C4 30 ammonium chioride 13
748 179 5120 batch_30_a_C5 30 ammonium chioride 14
657 151 1460 batch_30_a_C6 30 ammonium chioride 15
818 177 6740 batch_30_a_Dz 30 ammonium chioride 16
< > < HIE > v

Figure 6: The Comparison window.

6. Press the F4- key to clear any selection in the Comparison window.

5 Performing a MANOVA

1. To start a MANOVA, select Statistics > MANOVA... or press the . button and select
MANOVA from the menu that appears.

The Manova analysis dialog box pops up (Figure 7).

For the example data, we will calculate a two-way (with two explanatory variables) multivariate
analysis of variance (MANOVA):

2. In the Manova analysis dialog box, select N-source and Temperature as categorical Explana-
tory variables and select all characters of the Fermentations character type as Response
variables (see Figure 7).
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Manova analysis ? *

Project name

Name: | MANOWVA analysis|

Explanatory/grouping variables Response variables

Select a maximum of 2 variables: =I5, Fermentations

=J-[w] <All Characters=
----- +| Dry weight
----- +| Optical density
i.[w] Product vield

«All Characters= -
Dry weight
Optical density
Product yield
=@ Database fislds
a8 Temperature
N-source

- Replica
=~ @ Miscellaneous

O Not used
O K Binary
(@ ol Categorical

Covariance type Covariance type options

(® Use full covariance matrix
(O Use only individual variances

O Use PCA to determine significant variability

Shuw images

Figure 7: The Manova analysis dialog box.

3. Leave Use full covariance matrix checked and press <OK > to calculate a MANOVA analysis
with the specified components.

The MANOVA window pops up consisting of four different pages, displayed in tabbed view: Ex-
ploratory data analysis, Testing model assumptions, Analysis of variance, Canonical discrimi-
nants.

One can navigate from one page to the other with the » and ¢ buttons (menu commands Edit
> Go to next page or Edit > Go to previous page) or by clicking on the corresponding tab.

Each page in the MANOVA window contains a number of sections, represented in a hierarchical
view. Sections can be collapsed and their content hidden by clicking on the small ”-” (minus) sign
that precedes the section name.

5.1 Exploratory data analysis

In the Exploratory data analysis page of the MANOVA window (Figure 8), the basic elements of a
MANOVA are introduced: Groups, Group means, Histograms and Covariance matrices.

In the groups section of our example data set, it can be seen that the example data set contains
in total six groups: three temperature groups (30, 35, and 37°C), multiplied with the two N-source
groups (ammonium chloride and yeast extract). Each group contains 20 samples.

4. Click within the groups table (or any other table in the MANOVA window). As a result, the table
pops up in its own window (see Figure 9).

5. Select File > Exit in the MANOVA Table window to close it.

For each of the groups in the ANOVA analysis, the mean value for each of the response variables
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MANOVA analysis: MANOVA analysis - m] X
File Edit Window Help
" -
B« BB
. ~
Exploratory data analysis
The exploratory data analysis introduces the basic elements of the multivariate analysis of variance.
+Groups: The set of input entries is divided into groups based on the categorical variables.
+Means: For every group, the vector of mean values for the response variables is computed. Histograms give a first impression of the differences between groups.
+ Covariance matrices:  The covariance matrices describe the data variabilty for each group.
-+ Groups
The groups in the dataset are based on the categorical variables ‘N-source’ and Temperature’. The distribution of the in total 120 input entriez over the groups iz given in the table below.
N-source Temperature Sample size Colors
ammonium chloride 30 20
ammonium chioride 35 20
ammonium chioride 37 20
yeast extract 30 20
yeast extract 35 20
yeast extract 37 20
-« Group means
N-source Temperature Dry weight Optical density Product yield
ammonium chioride 30 5.454 1.748 43.680
ammonium chioride 35 5.955 1.708 40.430
ammonium chioride 37 5.851 1.761 41.725
yeast extract 30 6.392 2100 69.465
yeast extract 35 5.905 2276 72525
yeast extract a7 B8.586 2260 74.305
Overall 5.024 1976 57.105
=+ Histograms
The histograms give a first impression of the distribution of the data, and the differences in distribution between the groups. Moreover, they alzso give a primary indication for the presence of
outliers.
N-source Temperature Dry weight Optical density Product yield
ammonium chloride 30
ammonium chioride 35
v
< >
Exploratory data analysis  |[NEstingmodel assumptions:

Figure 8: The MANOVA window, Exploratory data analysis page.

Table from MAMNOVA analysis: MANOVA analysis (0) - O *
File Edit Window Help

souree——Trampersure —Jsampiesia—Lcaors 2
30 20

ammenium chioride (image}
ammonium chloride 35 20 (image}
ammonium chloride 37 20 (image}
yeast extract 30 20 (image)
yeast extract 35 20 (image}
yeast extract 37 20 (image}
£ >

Figure 9: The MANOVA Table window, showing the groups in the ANOVA analysis
in a grid view.

(in our example data set: Dry weight, Optical density and Product yield) is shown in a table. This
gives a first indication how different or similar the group means are.

The group means as such do not give an impression of the spread of the data. Therefore, his-
tograms are drawn for each group - response variable combination. Per response variable, the
same X-axis scale is used (global scale). Therefore, the distribution of the values can be visually
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compared over the different groups.

6. Click on a histogram, to call the MANOVA Image window for the corresponding group.

Univariate distribution plot of Product yield (N-source: ammonium ... — O X
File Edit Window Help

All colors Tt E

0

Univariate distribution plot of Product yield (N-source: ammonium ... — O hed
File Edit Window Help

All colors Tt E

|
iiEesers

Cumulative distribution

Figure 10: The univariate distribution plot for an ANOVA group in the MANOVA
Image window, with the Histogram panel and the Cumulative distribution panel acti-
vated.

From the Histograms, we can learn that the within-group variability of the Dry weight measure-
ments is high in relation to the differences between the group means. Therefore, it will be hard
to obtain significant conclusions from this variable. Further examination of the histograms reveals
a few possible outliers, for example the low value in the Optical density histogram for the 35°C -
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5. Performing a MANOVA 9

ammonium chloride group.
7. Select File > Exit to close the MANOVA Image window.
For each of the groups in the ANOVA analysis, a matrix of covariances is shown.

8. Click on any of the covariance matrices to pop up the covariance matrix in its own window.

9. Select File > Exit to close the window again.

10. In the MANOVA window, press the » button to go to the next page: the Testing model assump-
tions page.

5.2 Testing model assumptions

In the Testing model assumptions page of the MANOVA window (Figure 11), the concordance
of the data with the model assumptions is verified. Two assumptions are made: normality and
homoscedasticity.

MANOVA analysis: MANOVA analysis
File Edit Window Help

B o« BB

Testing the model assumptions ) :

The validity of the analysis of variance tests depends on two assumptions.

+ Normality: The data needs to be drawn from a multivariate normal distribution.

+ Homoscedasticity:  the multivariate data has te be homoscedastic.
If the above requirements are not met, transformations might be an option.
=« Testing normality @
g--= Multivariate QQ-plot
For every group, the multivariate guantile-guantile plot plots tiles of a chi-sguared distribution against Mahalanobis distances.

30 35 37

chloride

L L

yeast extract

The correlation coefficients for the above plots give a goodness-of-fit measure.
30 35 37

ammonium chioride | 0.988 0.912 0983
yeastextract | 0.802 0.944 0.989

g+ Univariate normality tests @
To test the hypothesis of multivariate normality, two series of univariate tests have been performed
+ for each response variable, and
» for each principal component with nenzero variance.
The familywise corrected p-value derived from these two series of tests is an indicator for muttivariate normality in all groups simuttaneousty.
Familywise corrected p-value | 100.0% @
El-e Univariate QQ-plots of the response variables
For every group, the univariate quantile-quantile plot plots quantiles of a nomal distribution against the sample guantiles.

N-source Temperature Dry weight Optical density Product yield
ammonium chioride 30

Testing model azsumptions.

Figure 11: The MANOVA window, Testing model assumptions page.

For the test of the model assumptions as a whole and for each of the individual tests, a p-value
is displayed as a colored dot to the right of the test name. The color of the dot ranges from
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green (high probability that the assumption is correct) over yellow to red (low probability that the
assumption is correct). When one hovers over the dot with the mouse, the actual p-value is shown.

11. Click on any plot to display it in its own window.

12. Click within any table to open the table in its own window.

In our example data set, outliers can be detected in the 35°C - ammonium chloride group, by look-
ing at e.g. the Univariate QQ-plot of Optical density or at the corresponding correlation coefficient
in the table. The same observation can be made in the Univariate quantile plot of Optical density
and the p-value of the corresponding KS-test.

Before we can decide to omit or include this outlier, we should have a closer look at the actual
data:

13. Open the Univariate quantile plot of Optical density for the 35°C - ammonium chloride group by
clicking on this plot in the Testing model assumptions page. The plot opens in its own window.

14. In the MANOVA Image window, select Edit > Show labels > Entry key. The outlier corre-
sponds to the entry with key batch_35_a_C6.

15. Go to the underlying Comparison window and click on the eye button () next to the fermen-
tations character type in the Experiments panel to display the character data in the Experiment
data panel. Show the character values by clicking the E& button.

By looking at the actual character values for the outlier, it becomes clear that all three values
(Dry weight, Optical density, and Product yield) are abnormally low for that specific reaction. Most
probably, something went wrong during inoculation of that well, so the reaction can safely be
omitted from the analysis.

16. Clear any selection in the Comparison window with the F4 key and select the outlier.
17. Press the 3% button to remove the selected entry from the comparison.
18. Save and close the Comparison window.

19. Open the All fermentations comparison again and call the MANOVA analysis from the Analy-
ses panel.

In the Groups section on the Exploratory data analysis page, it can be seen that the 35°C -
ammonium chloride group now contains only 19 samples.

20. Press the » button to go to the Testing model assumptions page.
It can be seen that the p-values for the tests of the model assumptions are now much better.

21. Press the » button to go to the next page: the Analysis of variance page.

5.3 Analysis of variance

In the Analysis of variance page of the MANOVA window (Figure 12), the actual analysis of vari-
ance is done.

The following observations can be made for the example data on the Analysis of variance page
(see Figure 12):

The low p-value in the Analysis of variance section indicates that the null hypothesis can be
rejected: there is at least one pair of groups with a different mean, for at least one of the response
variables.
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MANOVA analysis: MANOVA analysis 1 - O X
File Edit Window Help
4 =
foaor BB
. . ~
Analysis of variance
o« Test hypothesis
The analysis of variance test hypothesis concerns the equalty of the mean vectors across the groups.
Null hypothesis = The mean vectors of all the groups are identical.
Alternative hypothesis | At least one of the mean vectors is different from the others
=-+ Analysis of variance
The analysis of variance table below gives an assessment of the test hypothesis based on Wilk's lambda likelihood ratio F-test.
Degrees of freedom 15 308.324
F-statistic 22,052
p-value 0%®
The sum of squares matrices leading to these test results can be found in the "Sum of squares matrices section
=-+Variable and interaction significance
The influence of each of the explanatory variables individually is tested by performing a one-way analysis of variance.
Variable = N-source Variable = Temperature
Degrees of freedom 3,115 Degrees of freedom 6 228
F-statistic | 176.375 F-statistic 1284
p-value %S p-value 26.5%%
The influence of the interaction between the two explanatory variables is obtained by comparing the model without interaction (but with both explanatory variables) to the complete model (containing both explanatory
variables and their interaction}.
Variables | N-source, Temperature
Degrees of freedom 8 228
F-statistic 2558
p-value 2.0%%
-« Marginalizing effects
The effect of one of the two explanatory variables while compensating for the other variable, is computed by comparing the model with the variable to be compensated for with the complete model (containing both
variables and their interaction}.
Variable of interest  N-source Variable of interest | Temperature
Compensated variable Temperature Compensated variable N-source
Degrees of freedom 3,115 Degrees of freedom 6, 228
F-statistic 198.838 F-statistic 3288
p-value %@ p-value 0.4%@
=-« Univariate analyses
For each of the response variables, univariate ests assess the significance of the explanatory variables separately and jointly.
Response variable N-source Temperature ANOVA  Test statistic Differences between groups
Dry weight 9.9%0 69.8%® 23.0%0 1.400 30 35 37
ammonium chioride | 0607 0120 -0.210
yeastexiract| 0331 -0.155 0526
Optical density 0%& 118%% 0% & 101.457 30 35 37
ammonium chioride | -0.243 -0.203 -0.230
yeastextract| 0110 0285 0289 v
< >
Analysie of variance

Figure 12: The MANOVA window, Analysis of variance page.

From the one-way ANOVA done in the Variable and interaction significance section, it can be
concluded that the nitrogen source is more significant than the temperature. Furthermore, both
variables are likely to behave independently of each other.

From the Univariate analyses, it can be seen that the N-source is a significant explanatory vari-
able according to the Optical density and Product yield measurements. A possible relation exists
between Temperature and Optical density and between N-source and Dry weight. Most probably
no relation exists between Temperature and Product yield. Furthermore, it can be concluded that
Dry weight does not have much predictive value. This is in concordance with the observation of
high within-group variability and the relative small differences between group means made earlier
in the Exploratory data analysis page.

22. In the MANOVA window, press the » button to go to the next page: the Canonical discriminants
page.

5.4 Canonical discriminants

In the Canonical discriminants page of the MANOVA window (Figure 13), a canonical discriminant
analysis is performed. Discriminant analysis is very similar to PCA, in a sense that it tries to
maximize the difference between groups by making linear combinations of the original directions.
However, while PCA calculates the best discriminating components without reference to groups,
discriminant analysis calculates the best discriminating components for user-defined groups, i.e.
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formed by the explanatory variables. The best discriminating components are called discriminants.

MANOVA analysis: MANOVA analysis 1 — O *
File Edit Window Help

B it « E®

Canonical discriminants
=-- Components

Eigenvalue Importance Pieig is zero) Coefficients
592777  98.5763% 0% 8

THF

=-+ Pairwise plots

Discriminant 1 Discriminant 2 Discriminant 3

Discriminant 1

|

Discriminant 2

Discriminant 3| 5

=-+ Entry coefficients

1 30_a C2 2
Canonical discriminants

Figure 13: The MANOVA window, Canonical discriminants page.

Following observations can be made for the example data on the Canonical discriminants page
(see Figure 13):

In the Components section, it can be seen that the most important component (or discriminant),
i.e. the one that discriminates best between the groups formed by the explanatory variables, relies
most on the Optical density response variable.

In the Pairwise plots where Discriminant 1 is included (1 vs. 2 and 1 vs. 3), a clear separation of
the entries according to the N-source is obtained (see Figure 14). In the plot of Discriminant 2 vs.
3, no separation is obtained.

6 Conclusion

The MANOVA analysis performed so far can be the starting point for further (M)ANOVA analyses
to explore the example data set, e.g. given a certain N-source (either ammonium chloride or
yeast extract), is there an effect of the temperature on the optical density? What happens if
the incubation temperatures are categorized differently, e.g. low (30°C) and high (35 and 37°C)
temperature? Can we actually learn something from the dry weight or should the dry weight
measurements just be omitted from the setup of future experiments?
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Entry plot of discriminants 1vs. 2 - O *
File Edit Window Help
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Figure 14: Discriminant 1 plotted versus Discriminant 2 in the example data, colored
by N-source.
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