HMMA 307:
Advanced Linear Modeling

Chapter 4 : ANOVA with 2 factors

Khalifi Oumayma, Walid Kandouci, Abdestar SAHBANE

https://github.com/WalidKandouci/HMMA307_Modeles_Lineaires_Avances_Cours_4

Université de Montpellier



https://github.com/WalidKandouci/HMMA307_Modeles_Lineaires_Avances_Cours_4

Summary

Introduction

Exemple

Model

1/12



Introduction

We discussed in the previous paragraph the one-way ANOVA and
its uses.

In this paragraph, we will be looking at two-way ANOVA, an
extension of the one-way ANOVA that examines the influence of
two different categorical independent variables on one continuous
dependent variable.

The two-way ANOVA not only aims at assessing the main effect of
each independent variable but also if there is any interaction
between them.
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introductory example:

Suppose we have two judges who do a tasting of 2 different wines,
called Wine 1 and Wine 2 such as:

- Judge 1 does 7 tastings: 3 for Wine 1 and 4 for Wine 2.

- The judge 2 does 4 tastings: 3 for Wine 1 and 1 for Wine 2.
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introductory example:

We summarize the example in the form of the following table:

If factor 1 is Judge 2 and factor 2 is Vin 1, we have :
Y211 = 3, Y212 = 8, y213 =4

Here, we have:

n=mni;+ni2+ng+np=3+4+3+1=11

we must adapt the table so as to have n;; = constant fixed
Vi, j € [1,2]. This is done either by eliminating or adding
elements.
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Two factors :

e Factor 1 : I levels / I classes.

e Factor 2 : J levels / I classes.

n;; © nombre of repetitions / observations of factor 1 in the i
classe and to factor 2 in j class.

We obtain the following constraints :

I J
n=>.> ny

i=1j=1
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Model equation

Model:

vigh N (pig,0), Vi€ [LI1Y5 € [1,J], ¥k € [Lny]

Yigk = 1+ o+ Bj + i jk

> COV (81;7]'7]{:7 6i/,j/,k)/> e 0-257:’1,/ 5].’]./ 5k,k/
» 1 € R: the average effect.
> «;: the specific effect of level i for the first factor.

» 3;:the specific effect of level j for the second factor.
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Note:

If the design of the experiment is not balanced (i.e., the n;; are
different), the mathematical analysis is difficult.

We will therefore assume in order to facilitate the analysis:
ViE[l,IH, VJEHLJ]] ni]—:K

Finaly we get: n = IJK observations.

7/12



We can write the model in matrix form just by following a usual
approach that is least squares:

X:[]ln ]lCl ]lCI ]lD1 ]}_DJ]GRTLX(1+[+J)

Where:
rang(X)=I+J4+1-2=I+J—1etl,=(1,...,1)"
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Definition

J K

12
arg min -
(M,Q,B)ERXRI XRJ 2 ;

Jj=1k=

—

(Yijh — 1 — a5 — )

2
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For this problem we get the following Lagrangian:
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We should solve the following system:

oL

=0
%
a0
%
9L
e
0Ag =0
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We get as results:

oL I K
H i=1j=1k=1
oL
—=0=Vie[l,I], o= Ui, —7

da N
:ﬁ Z;'Vzl Zf:l Yi g,k

12/12



	Introduction
	Exemple
	

	Model

