Didacticiel - Etudes de cas R.R.

1 Subject

Multivariate parametric hypothesis testing for comparing populations.

A multivariate test for comparison of population try to determine if K (K > 2) samples come from the

same underlying population according to a set of variables of interest (X1,...,Xp).

We talk parametric test when we assume that the data come from a type of probability distribution.
Thus, the inference relies on the parameters of the distribution. For instance, if we assume that the
data is drawn from a multivariate Gaussian distribution, the hypothesis testing relies on mean vector

or on covariance matrix.

The test that we describe in this tutorial can be used to compare process (e.g. is that two machines
produce bolts with the same diameter and thickness?), but it enables also to test the connection
that can exist between a categorical variable and a quantitative variable (e.g. is that women drive

slower and less fuel consumption on average than men on the roads).

2 Dataset

The CREDIT_APPROVAL.XLS" data file describes 50 households consisting of married couples, both

actives, which asked for a credit to a bank. The available variables are:

Variable Description

Sal.Homme Logarithm of the male salary

Sal.Femme Logarithm of the female salary

Rev.Tete Logarithm of the income per head in the household
Age Logarithm of the male age

Acceptation Acceptation of the credit

Garantie.Supp | Additional guarantee is required

Emploi Type of job held by the reference person of the household

All the continuous variables are potentially variables of interest; the categorical variables are used to
define the sub-populations.

3 Comparison of 2 means — Hotelling’s T2

It is the multivariate analog of the t-test for two independent samples. The size of the mean vector is
(p x 1), where p is the number of dependent variables (or variables of interest). The | component of

the vector corresponds to the mean of the variable Xj. We have p = 4 for our dataset.

* http://eric.univ-lyon2.fr/~ricco/tanagra/fichiers/credit_approval.xls
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3.1 Importing the dataset

We open the data file into the Excel spreadsheet. We select the data range, and then we click on the

Tanagra menu which is installed with the Tanagra.xla add-in*. A dialog box appears, we check the

coordinate of the cells and w

E3 Microsoft Excel - ¢

e validate by clicking on OK.

redit_approval.xls

@ Fichier  Edition  Affichage Insertion Format  Outils  Données  Fepétre 7 | Tanagra | Sipina
0 > prial -0 -6 1 s5|= <]
G51 - A cdi
A 5] C 2] E F G
1 |Sal.Homme | Sal.Femme| Rev.Tete Age Acceptation | Garantie.Supp| Emploi
2 792 772 742 369 ouj hypotheque cdd
3 787 7.43 778 3.89 oui caution cdd
4 B.57 7.10 6.35 3.53 non non cdd 1
2] 785 7.38 724 3.78 ouj caution cdd V4
5 GG G.76 546 3.78 ouj hypotheque cdd - -
7 589 6.51 672 416 non hypotheque | cad =
8 729 6.93 6.43 3.37 oui hy ot egue™ cdd
9 7483 7.51 752 399 - —hypotheque cdd
10 748 725 6.46 347 | T oui nan cdi
1 X B.BO E.59 ] ] oui hypatheque cdi
12 728 TA7 6.57 3.56 oui nan cdi
13 5.40 8.07 784 3.76 ouj caution cdi
14 7 4R b.79 [ 3.40 ouj hypotheque cdi
15 542 5.01 .85 347 ouj nan cdi
16 739
17 747 Execute Tanagra
18 7.86
8 B.53 o ; b « @ .
) Bon abaset range (incuding the name of the attributes -- firsk row):
2 70 $0515G451 -
22 7B7
2 .28 Ok Cancel
24 77
25 742
26 783 I ] T NI (o) T
2 733 714 724 3.18 ouj hypotheque cdi
28 b.02 b.03 511 3.26 ouj hypotheque cdi
28 763 777 6.79 3.66 oui nan cdi
30 B.18 B.40 6.30 4.08 oui nan cdi
H 7ET 7.53 6.63 3.43 oui nan cdi
32 736 7.78 5.50 3.74 ouj hypothegue cdi
33 8.03 7.84 7.29 3.78 oui non cdi
34 .45 §.12 530 369 ouj hypotheque cdi
35 564 712 622 3.50 ouj hypotheque cdi
36 792 792 B.82 3.66 oui nan cdi
37 714 7.20 626 3.78 non hypatheque cdd
38 713 B.B5 E.08 3.85 non caution cod
39 743 720 732 411 oui hypatheque cdi
40 8.78 8.58 8.69 3.78 oui nan cdi
41 5.25 7.85 768 3.74 ouj hypotheque cdi
42 5.31 B.57 575 3.66 non hypotheque cdd
43 745 587 726 3.74 non hypotheque cdd
44 745 5.95 5.55 337 non hypotheque cdi
45 7 B8 7.1 744 416 non hypaotheque cdi
46 744 7.16 6.51 3.78 non non cdi
47 7oA 7.24 545 3.66 ouj hypothegue cdi
48 817 8.29 8.23 3.95 oui non cdi
49 740 7.29 735 3.09 non hypotheque cdi
a0 726 6.61 7.06 4.16 non nan cdi
51 750 716 735 4 08 non hypotheque cdi [
52 -
W 4 Wy dataset / [ v
Dessin = h Formes automatigues = ., “w [ | éﬂ 3:‘3
Prét Somme=1271.86 UM

Tanagra is automatically launched. A new diagram is created. We check that the data set has 5o

observations and 7 variables.

? See http://data-mining-tutorials.blogspot.com/2008/10/excel-file-handling-using-add-in.html

Tanagra can also directly read a XLS file format, see http://data-mining-tutorials.blogspot.com/2008/10/excel-file-format-

direct-importation.html
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i TANAGRA 1.4.26 - [Dataset (tan7F.txt)]
EFiIe Diagram Component  Window Help

EH &%

Analysis

Datazet (tan7F.txt)

Comontation time 0 m

Data wisualization
Feature selection

Spw learning

~
Dataset description 0
7 attribute(s)
50 example(s)
Attribute  Category Informations
Sal.Homme Continue =
5al.Femme Continue =
Rev.Tete Continue =
hge Continue -
Acceptation  Discrete 2 values
Garantie, Supp Discrete 3 values
Emploi Dizcrete 2 values
v

Components
Statistics Monparametric statistics
Regression Factoral analvsis

Meta-spy learning Spw learning assessment

Instance selection
PLS

Scoring

Feature construction
Clustering

Association

@-Correlation scatterplot
Expurt dataset
| Seatterplat

EScatterplot with label
\u"iew dataset
E,_';View multiple scatterplot

3.2 Descriptive statistics

First, we want to describe the dependent variables. We insert the DEFINE STATUS component in
the diagram using the shortcut into the toolbar. We set all the continuous variables as INPUT.

" TANAGRA 1.4.26 - [Dataset (credit approval.xls)]

4

= -~
Define attribute statuses B
Parameters
p_Pop_Tests_Parametriguesicredit
Aftributes :
rihutes Target | Input Zlustrat\ve
c fapre [
c Sal Femme =
c RewTete
Do CITE Age
D pcceptation
D Garantie. Su
Wi PP =
D Emploi J
T
Selef
She
Dat
- b
EE @ [ Clear selection ]
Data visualization Statistics Feature selection
Regression Factoral analysis [ 0K ” Cancel ” Help ] Meta-spy learning
Spv learning aszessment Scorng Azsociation
[:F] &MOvs Randomized Blocks /:\ Brown - Forsythe's test [l Group exploration ;”:‘kLeuEne‘s test é Maormality Test bt
z.‘:.Bartlett‘s test Z=Fisher's test EHotelHng‘s T2 [# Linear correlation Lih Cine-way ANOWE U
I'_%an's Wy, Test ﬂ] Group characterzation BHotelling's T2 Heteroscedastic l-iﬂ.ﬂ.l'\ora Univariate cont stat I'_iOne—way AANOY S
| ¥

Then we add the UNIVARIATE CONTINUOUS STAT component (STATISTICS tab). We click on the
VIEW menu in order to obtain the results.
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i TANAGRA 1.4.26 - [Univariate continuous stat 1]

E File Diagram Component Window Help b
H %
— -~ unwariatecontinwousstat1
= [ Daraset (oredit spprovali) o paametes
-+ )
= £% Define status 1 Attributes : 4
=3 Univariate continuous stat 1 Examples : 50
Parameters. ..
A
/ Execute
/ —Aﬂ:it&le Min Max o Std-dev Std-dewfavg
/ ——
/ Sal.Homme: 6.019999980923'51'5.??9909.?329?1_ o 0.5619 0.0753
'\ sal.Femme 6,030000209806835 §.57999992370605 0 0.5099 0.0695
\ Rew.Tete  5.1100001335144  8.6399995503833 o 0.7110 0.1020
\\ hae 3.08999991416931 4,18999954741211 o 0.2638 0.0715
N
~
~
S o Computation time : 0 ms,
S - Created at 15707 /2005 14:23: 11
=~ ~
——
S~ Cornponents
Data wisualization | Statistics “Memparametrc statistics Instance selection Feature construction
~
T~
Feature zelection Regreszzion Factor‘ial?na‘l‘,fsis - PLS Clustering
S~
Spw learning Meta-spy learning Spw learning assessment =~ - SEoﬁng fszociation
-~
@ Mormality Test 23 Paired T-Test [fSemi-par‘tial Correlation ~HtUnivariate continuous stat I|_|_|:Welc
Illh One-way ANOWE Y Paired W-Test LmT—Test hll Univariate discrete stat
&One-way AR OWE [&'Par‘tial Correlation L,uuT-Test Unequal Varance s Univariate Outlier Detection
< I >

The AVERAGE column is particularly interesting in this step. We read the mean vector computed on
the available observations X'=(7.4640;7.3094;6.9726;3.6912). The aim of the Hotelling's T2 is to
verify that this vector takes values significantly different in the subpopulations that we wish to

compare.
3.3 Hotelling’s T2 under the homoscedasticity context

We want to compare two mean vectors. We make the assumption that the covariance matrices are

identical into the two subpopulations?. We thus used the pooled covariance matrix* into the formula.

On our dataset, we want to compare the characteristics of the clients according the acceptation of

the reject of the credit.

We insert the DEFINE STATUS component into the diagram. We set the dependent variables as
TARGET, credit ACCEPTATION as INPUT.

3 http://en.wikipedia.org/wiki/Homoscedasticity

“ http://www.itl.nist.gov/div8q8/software/dataplot/refman2/auxillar/poolcov.htm
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{1 TANAGRA 1.4.26 - [Univariate continuous stat 1]

E File Diagram Component Window Help Define attribute statuses
= Farometrs
Default title: Aiributes T
arget input | Mustrative
= (& Dataset [credit approval.xls) = Sal Homme
¥ Define ctatus | Sal.Femrme
=t Define status Attributes ;{::Te(e
[ Univariate continuous stat 1 Examples D Acceptation
#% Define status2\— _ e e e ] == ES:;:.‘ESHDD -
N g
N\ .
Attribute
N
N Sal.Homme|
\\ Sal.Femme Bl 8| B
N Few, Tete 0z0
\ [ Ok ][ Ganosl ][ Help ]
N hge 715
.
Computatic
Created\at Parameters |
:A Attributes : e |Tuth
C SalHomme Acceptation
T C SslFemme .
Data wvisualization Statistics Manp C RevTete construction
C Age
Feature selection Regression F3 [Dm stering
D Garantie Supp
Spv learning Meta-spy learning Spw 14 D Emplai ﬂ ociation
A Mormality Test £3 Paired T-Test nuous stat Tl Wels
I|jh One-way ANOWE W+ Paired W-Test bte stat
]'_iOne—way RO [# Partial Correlation Er Detection
8] 8| |
< J 2
o o s

We add the HOTELLING’S T2 component into the diagram. We click on the VIEW menu.

" TANAGRA 1.4.26 - [Hotelling's T2 1]

I File Diagram Component ‘Window Help - &8 x
H %
Diefault title ~
= Dataset (credit approval.xls)
[=- %4 Define status 1
[ Univariate continuous stat 1
= %4 Define status 2
Descriptive stat. (Mean} Tests results
Parameters... Group oui non 95% Simultaneous Conf.Intervals Stat Value p-value
Execute Group Size 34 16  Difference  Lower.Bound  Upper.Bound T2 11.3023
Sal.Homine 78750 7.2281 0.3469 -0.1993 0.5931 | F(4, 45) Z.6490 0.0454
Sal.Femme 7.4394 7.0331 0.4063 -0.0739 0.5865
Reu.Tete 7.0603 6.7862 0.2740 -0.4363 0.9844
Age 3.6671 37425 -0.0754 -0.3411 0.1902
Computation time : 18 ms. ™
Components
Data visualization Statisti Monparametrc statistics Instance selection Feature construction Feature selection
Regression Factorial analysiz PLS Clustering Spw learning Metaspy learning
Spw learning assessment Scorng hssociation
[} sMCwh Randomized Blocks 7 Brown - Farsythe's test [t Group exploration s Levene's test £ Normality Test =5 Pairec
’Z}.Earﬂett‘s test I Fishers test ]iHDteLHng's T2 bff\.inear correlation L‘h Cne-way ANOWH 1+ Pairec
@on‘s ah Test ﬂ] Group characterization ]iHDteLHng's T2 Heteroscedastic  [fiMare Univariate cont stat &Ona—way A ARON A [afPam‘a
< ‘ >

Several results draw our attention:

e (1) Into the descriptive statistics table, we observe the mean vector for each group (acceptation
= OUl and acceptation = NON).

e (2) In the right, we have the T2 statistic, and its transformation which is distributed as a Fisher
distribution with (4; 45) degrees of freedom. The p-value of the test is 0.0454, we reject the
homogeneity of the mean vectors at the 5% significance level.
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e (3) Let's we consider again the descriptive statistics table. Into the 3 last columns, we have the
vector of differences between means and their simultaneous confidence intervals at 95%
confidence level. These intervals allow us to know if the difference is significant at 5% on one of
the dependent variables that we want to analyze in particular. The difference is significant if the
interval does not contain the value o. In our example, it seems that the overall significant

difference detected by the T 2is not specifically associated with one of the dependent variables.
3.4 Hotelling’s T2 under the heteroscedasticity context

If the covariance matrices are different, especially when the size of groups is unequal, we must

compute separately the conditional covariance matrices. The test statistic is thus different.

Under the DEFINE STATUS into the diagram, we add the HOTELLING’'S T2 HETEROSCEDASTIC
(STATISTICS tab).

" TAMAGRA 1.4.26 - [Hotelling's T2 Heteroscedastic 1]

E Fil= Diagram Component ‘window Help -
B %%
— . olngsDHeteroscodastct "
= [ Deteser (eredht soerovl] e e ]
=%y Define status 1
B Univariate continuous stat 1
G-B5 Define status 2 e ke ]
E. Hatelling's T2 1 Descriptive stat. {Mean) Tests results
]L.. ing's T2 H ctic Group oui non 5% Simuttaneous Conf.Intervals Stat Value p-value
Group Size 34 16  Difference  Lower.Bound Uppet.Bound T2 14,6700 -
Sal.Homme 7.5750 7.2261 0.3469 -0,0670 0.7607 | CHI-Z 14) 14,6700 _g
Sal.Femme 7.4394 7.0301 0.4083 0.0835 0.7590
Rev.Tete 7.0603 6.7862 0.2740 -0.2974 0.8455
Age 3.6671 3.7425 -0.0754 -0.3510 0.2001
Computation time : 0 ms. b
Components
Data visualization MNonparametrc statistics Instance selection Feature canstruction Feature selection
Regressian Factorial analds PLS Clustering Spy learning Meta-spy learning
Spy learning assessment Scoring hssaciation
|| aMOwa Randomized Blacks % Brown - Forsythe's € [ Group explaration o Levene's test A3 Mormality Test T3 Pairec
Z}.Earﬂett‘s test £ Fisher's test ]L"Hntelh‘ng‘s T2 [# Linear correlation LﬂfOna-way ANV i Pairer
@.Enx‘s M Test m Group characterzation ]L"Hntelh‘ng‘s T2 Heteroscedastic  LAdhare Univariate cant stat &Ona-way ALAMOWE Iﬁpartia
< | >

The T2 statistic is equal to T2 = 14.6700, it is distributed as the CHI-square distribution with p degrees
of freedom. The deviation between the mean vectors is significant at the 5% level (p-value =
0.0054). It seems now that this deviation relies mainly on the differences between the wages of the
wife into the household. The confidence interval does not contain the value o at 95% confidence

level.

4 Comparing mean vector for K populations (MANOVA)

We want to compare the mean vectors for K (K = 2) populations. It is the multivariate analog of the
one-way analysis of variance (ANOVA). It is often called MANOVA (multivariate analysis of
variance). On our dataset, we want to compare the mean vectors according to the kind of guarantee

(K =3 values) requested by the debtors.

2 décembre 2009 Page 6surg



Didacticiel - Etudes de cas

R.R.

We add the DEFINE STATUS component into the diagram. We set as TARGET our dependent
variables, and we set GARANTIE.SUPP as INPUT.

1 TANAGRA 1.4.26 - [Hotelling’s T2 Heteroscedastic 1]

E File Diagr,

Component  Window  Help

-
Define attribute statuses

Parameters

Attributes

Target llustrative

Default title

= ataset (credit approvalxls)
£y Define status 1
B Univariate continuous stat 1
=¥ Define status 2 -
[, Hotelling's T2 1 _l -
E Hotelling's T2 Hetﬂjs@daﬁc 1 Group
¥ Define status 3 < Group Size
~ $al.Homme
~ ~ $al.Femme
N Rev.Tete
™
N Age
~
~
Computation tim |

Input

Sal Hamme
Bal Femme
Rev Tete

hae

D Acceptation
p | D Garantie Supp
D Ernploi

|
Add selected attributes

Clear selection

1

Bl 4|

Define attribute statuses

Paramtsrs |

Attributes

Target Input | [llustrative

C SalHomme Giarantie.Supp

Statistics

Data visualization

Monparamet

al I]:I AcceElalmn
] |
-

C SalFemme
C RewTete
C #qs

Tests resutts

Stat Value
14.6700

>

p-value

Feature selection

Meta-spy learning

-i\ Mormality Test
Ll One-way BANOVA
[ One-way MANCE

o Pairec
4+ Pairec

[afpartia

>

Regression Factoral analysis

Spv learning assessment Scoring hssoc D Emploi e
\:|:| AMOWE Randomized Blocks :5 Brown - Forsythe's test
Z}.Bartlett's test i Fisher's test
I‘_%ﬁox's  Test m Group characterization

Bl 8| il
<

[ oK ][ Cancel ][ Help

]

We add the ONE-WAY MANOVA component (STATISTICS tab).

[ TANAGRA 1.4.26 - [One-way MANOVA 1]
E File Diagram Component ‘Window Help

H %

Computation time : 0 ms.

= R e eametes
=% Define status 1
HE Univariate continuous stat 1
&8 Dofine status 2 R
E. Hotellings T2 1 Descriptive stat. (Mean) Tests results
B Hotelling's T2 Heteroscedastic 1 Group hypotheque caution non ALL Stat Yalue p-value
=- %% Define status 3 Group Size 9 5 16 5D wilks' Lambda 08111
e, One-way MANOVA 1 Sal.Homme 7.3503 7.7260 7.56081 74640  Bartlett -- C(5) 9.5264 0,2999
sal.Femme 7.1762 7.3700 7.5319 7.3094  Rao-- Fig, 88 1.2140 0.3003
Rev.Tete 6.8566 7.2160 7.1062 6.9726
Age 36759 3.7160 37113 3.6912
v

Data vizualization Statistics

Regression Factorial analysis

Spw learning assessment Scorng

arametric statistics

Aszociation

Components

Instance selection Feature construction

P Clustering Spy learning

Feature selection

Meta-spv learning

/:‘* Brown - Forsythe's test
% Fisher's test

M Group characterization

[ aMOwa Randomized Blocks
’:):. Bartlett's test
]ﬁ Box's i Test

<

[l Group explaration 'z test
]l_"HDtElh'ng's T2

]l_’.Hotelling's T2 Heteroscedastic LA More Unfvarate cont stat

4 Linear correla?

A Normality Test
Ly One-way ANOAA
18, One-way MANCA

o3 Pairec
Yt Pairec

[# Partia

2]

Into the DESCRIPTIVE STAT part, we observe the conditional mean vectors for the 3 groups, and the
overall mean. The Wilks’ lambda statistic is 0.8111. The more it is close to 1, the less significant are
the differences. Two transformations are available. The Bartlett's transformation follows as a chi-

square distribution, it is sufficient for large samples. The Rao’s transformation is preferable on small
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samples. We have the same conclusion on our dataset. The null hypothesis cannot be rejected from

the available dataset.

5 Comparing K variances — The Box’s M statistic

The first Hotelling's test and the Manova test make the assumption that the conditional covariance
matrices are identical. We can check this assumption by using the multivariate analog of the
Bartlett's test for the equality of variances. It is called Box's M test. We implement this test on our
dataset.

5.1 Checking for the Hotelling's test

We insert the BOX'S M TEST (STATISTICS tab) into the diagram, at the same level as the Hotelling's

test component. We click on the VIEW menu in order to obtain the results.

" TANAGRA 1.4.26 - [Box's M Test 1]

f File Diagram Component ‘Window Help - 8 x
(=
= BB Poroser loredt sprrovslx) T e~
= ¥4 Define status 1 _- -1 S o
L e ettt o7 T
= %% Define status 2 //’ o
IL.. Hatelling's T2 1 . P Descriptive stat. (Std.Dev) Tests resutts
]L'. Hotelling's T2 Heterprdedastic 1 Group oui non ALL Stat Value p-ralue
[, Box's M Test 1 ~ 7 Group Size 34 16 B0 T [CHI-Z (109] 16,2924 0.0916
-4 Define status 3 $al.Homine 0.6158 0,3326 0.561%
14, One-way MANOVA 1 Sal.Femme 0.5483 0.2615 0.5099
Rev.Tete 0.7777 0.515% 0.7110
Age 0,237 0.3196 0.2635
Computation time : 0 ms, w
Components
Data wisualization ’W Monparametrc statistics Instance selection Feature construction Feature selection
Regression Factorial analysis PLS Clustering Spv learming Meta-spy learning
Spw learning assessment Scaring hssociation
[HEIIS RandoW 7= Brown - Forsythe's test [EH Group exploration i Levene's test A Normality Test
ZkBar‘tlett's test % Fisher's test E‘Hntelh'ng's T2 [# Linear correlation m One-way ANOYA
I'_%,an's i Test m Group characterization E.Hntelh'ng's T2 Heteroscedastic  LfMare Univariate cont stat ]'_i.One-way AN O &
4 »

The overall and the conditional standard deviation are supplied into the descriptive statistics table.
These values are purely indicative. They give an idea of differences, in univariate way, for each
dependent variable. We cannot draw conclusions from these descriptive statistics because they do
not take into account of the covariance between the variables.

The test statistic is T = 16.2924. It follows a chi-square distribution with 10 degree of freedom. We
conclude that the conditional covariance matrices are not significantly different at 5% level (p-value

=0.0916), but they are at 10% level.

In this context, the homoscedaticity assumption is not obvious, and we have small groups with
different size, it is more suitable to use the heteroscedastic version of the Hotelling's test.
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5.2 Checking for the Wilks' test

We make the same verification for the MANOVA. We add again the BOX'S M TEST component.

(7 TANAGRA 1.4.26 - [Box's M Test 2] 2ad
File Diagram Component Window  Hel -8 x
w g p h

H %

Drefaul title ~

o B oo (et spprovLt] S et

=% Define status 1

B Univarate continuous stat 1

= 1& Define status 2 m— -~
I'_.. Hatelling's T2 1 _- = = Descriptive stat, (Std.Dev) S o Tests results
-
I-_" Hotelling's T2 Heteroscedastic 1 |~ - Group hypotheque  caution non ALLS o < Stat Value p-value
[ Box's M Test 1 - 1l Group Size 29 3 16 50 7T [CHI-2 (20)] 24,0571 0,2399
= *:i Define status 3 .7 - Sal.Homme 0.5339 0.5204 0.6023 0.5619
& One-way MANOYR1~ Sal.Femme 0.4615 0.4684 05524 0.5099
4, Box's it Test 2 Rev.Tete 07226 0.7033 0.6921 0.7110
Age 0.2908 0.2364 0.2307 0.2636
Computation time : 0 ms. .
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Data wizualizae Statistics Monparametric statistics Instance selection Feature construction Feature selection
Regression Factorial analysis PLS Clustering Spv learning Meta-spv learning
Spv learning assessmgnt Scoring hssociation
|:|§| ANMOWA Randomizggd Blocks ’Z‘\ Brown - Forsythe's test EE Group exploration @Leuene's test & Mormality Test
Z.‘;Barttett's test T Fisher's test E,Hutelling's T2 %Linear correlation M:One-way ANCW A
]'_%,Box's M Test M Group characterization EHotelling's T2 Heteroscedastic  Lfiihare Univarate cont stat ]'_t,Onefway A MO A
< | 3

Here, the homoscedasticity assumption is really believable. We have T = 24.0571, with a p-value =
0.2399. It seems that the results associated with Wilks' Lambda when comparing the mean vectors

of the K groups (according to the guarantee) are confirmed.
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