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1. Background

1.1. Factorial ANOVA



1.2. Factorial ANOVA
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1.3. The linear model
Two-factor
Low N Medium N High N
Low temp. XXX XXX XXX
High temp XXX XXX XXX

Yijk = pp+ ai + B + aiffj + €

e o, is the effect of the i, temperature
e [ is the effect of the ji nitrogen level
e a;f; is the effect of the ij;, interaction.



1.4. The linear model

Two-factor

Low N Medium N High N
Low temp. XXX XXX XXX
High temp XXX XXX XXX

Low Low
Low Low
Low Low
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Low Medium
Low Medium
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High Low
High Low

High Medium
High Medium
High Medium

High High
High High
High High

Yi = Boi + P1i + B2i + B3i + Pai + Psi + Poi + €6

1.5. The linear model

Two-factor

T N NA  (Intercept) THigh NMedium NHigh THigh:NMedium THigh:NHigh

Low Medium NA
Low Medium NA
Low Medium NA
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High Low NA
High Low NA
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1.6. The linear model

Two-factor

1.7

1 1 0 0 0 0
1 1 1 0 1 0
1 1 1 0 1 0
1 1 1 0 1 0
1 1 0 1 0 1
1 1 0 1 0 1
1 1 0 1 0 1
Low N Medium N High N
Low temp. XXX XXX XXX
High temp XXX XXX XXX
Yi = Boi + B1i + Boi + B3i + Bai + Bsi + Bei +€i

e 3y is the mean of the T, : N, group
e 3 is the difference between Ty : N, and T, : N,
e 3, is the difference between T, : Ny, and T, : N,

. The linear model

Two-factor

Low N Medium N High N
Low temp. XXX XXX XXX
High temp XXX XXX XXX

Yijk = b+ i + B + aiBj + €

e «; is the effect of the iy, temperature at the base level of 3

1.8. Factorial ANOVA

Factor MS F-ratio (both fixed) F-ratio (A fixed, B ran- F-ratio (both random)
dom)
A MSA MSA/MSResid MSA/MSA;B MSA/MSA;B
B MSg MSg | MSgesid MSg | MSgesid MSg/MSa.p
A:B MSap MSag/MSgesid MS 4.5/ MSgesid MS 4.8/ MSResia




2. Design Balance

2.1. Balance

When balanced

SS57o1aL = 554 + 5SS + SS5a.8 + SSResid

2.2. Factoral ANOVA
2.2.1. Design balance
e When balanced
SStotaL = 5S4 + SSg + SSa.B + SSResid
e When not balanced

SSto7aL # SSA + SSg + SSa.B + SSResid

2.3. Factorial ANOVA

2.4. Factoral ANOVA

2.4.1. Design balance
¢ \When balanced

SSto7aL = SSa + SS8 + S5Sa:8 + SSResid

¢ When not balanced

SSto7AL # SSaA + SSB + SSA.B + SSResid

e can’t use sequential SS (Type | SS)
e should use either

— hierarchical (Type Il SS)

— marginal (Type Ill SS)

2.5. Factorial ANOVA
2.6. Factorial ANOVA

2.6.1. Assumptions

Normality

Homogeneity of variance
Independence
Considerations for Balance



3. Worked examples

3.1. Worked examples

> #lorked exzamples
> stehman <- read.csv(’../data/stehman.csv’, strip.white=T)

Error in file(file, "rt"): cannot open the connection

l > head(stehman)

Error in head(stehman): object ’stehman’ not found

3.2. Worked Examples

Question: what effects do pH and health have on the bud emergence rating of spruce seedlings

Linear model:

Buds;jk:u+a;+,3j+a,ﬂj+€gk SNN(Oyo—z)

3.3. Worked Examples

Error in file(file, "rt"): cannot open the connection

Error in head(quinn): object ’quinn’ not found

3.4. Worked Examples

Question: what effects do season and density have on barnacle recruitment

Linear model:

Recruits,-jk :u+a;+ﬁj+a;ﬁj+s,-jk 5 NN(O,U2)
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