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Recap Chapter 12.1
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12: Analysis of Variance
12.1 Introduction to the Analysis of Variance

Previously we learned about hypothesis testing for:

One Population: μ, p, and σ2.

Two Populations: μd=μ1‒μ2, μ1‒μ2, p1‒p2, and σ2/σ2.

(We also learned about hypothesis testing for contingency tables.)

Now we are going to study hypothesis testing for three or more 

populations.

Three Populations: at least two of μ1,μ2,μ3,… different.
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12: Analysis of Variance
12.1 Introduction to the Analysis of Variance

If we are testing for differences in means, 

…why are we analyzing variance?

As it turns out, we calculate two variances and take the ratio.

If all the means are truly the same, the two variances will be 

the same and the ratio will be 1.
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12: Analysis of Variance
12.1 Introduction to the Analysis of Variance

Hypothesis Testing Procedure

H0:μ1=μ2=μ3 vs. 

Ha: at least two μ’s different
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12: Analysis of Variance
12.1 Introduction to the Analysis of Variance

Hypothesis Testing Procedure
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Step 3

Step 4 Step 5

* critF F

.00 .01 − p value
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Statistical Inference
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Statistical Inference: 
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one two three

Number of Populations

Parameter



2

p

Parameters Parameters

1 2, 

2 2

1 2, 

1 2,p p 1 ,..., k 

2 2

1 ,..., k 

1,..., kp p
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Statistical Inference: 1 Population 
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one two three

Number of Populations

Parameter



2

p

Parameters Parameters

1 2, 

2 2

1 2, 

1 2,p p 1 ,..., k 

2 2

1 ,..., k 

1,..., kp p
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Statistical Inference: Procedures for μ

sign-test

(nonparametric median)
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yes

known?

yes no

Normally Distributed Data
(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)
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Statistical Inference: Procedures for σ2
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Normally Distributed Data
(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)
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Statistical Inference: Procedures for p
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Statistical Inference: 2 Populations 
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one two three

Number of Populations

Parameter



2

p

Parameters Parameters

1 2, 

2 2

1 2, 

1 2,p p 1 ,..., k 

2 2

1 ,..., k 

1,..., kp p
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Statistical Inference: Procedures for μ 1-μ2
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yes

Normally Distributed Data
(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)
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Statistical Inference: Procedures for σ2, σ2
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Normally Distributed Data
(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)

(Assume or Test for Independent Observations
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Statistical Inference: Procedures for p1-p2
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Statistical Inference: k Populations 
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one two three

Number of Populations

Parameter



2

p

Parameters Parameters

1 2, 

2 2

1 2, 

1 2,p p 1 ,..., k 

2 2

1 ,..., k 

1,..., kp p

Rowe, D.B.



Statistical Inference: Procedures for μ1,…,μk
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Normally Distributed Data
(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)

(Assume or Test for Independent Observations

yes no
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Statistical Inference: Procedures for σ2,…,σ2
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Normally Distributed Data
(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)

(Assume or Test for Independent Observations

yes no
2

1

2

2

*=
s

F
s

F-distribution

df1=n1-1

df2=n2-1

Rowe, D.B.

1 k

Levene test

Bartlet test

2

. ..1

2

.1

( ) ( )
*

( 1) ( )

=

= =

− −
=

− −



 
i

k

i ii

k n

ij ii j

n k n A A
W

k A A

F-distribution

df1=n1-1

df2=n2-1

.| |= −ij ij iA y y

Pop i Obs j

“.”=sum over

2 2

1

1

( )ln ( 1)ln
*

1 (1 / (3( 1)))(( 1 / ( 1)) 1 / ( )

=

=

− − −
=

+ − − − −





k

p i ii

k

ii

n k s n s
T

k n n k

Chi-Square  distribution

df=k-1



Statistical Inference: Procedures for p1,…,pk
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Chi-Square  distribution

df=k-1

p-value via simulation

Freeman-Halton exact test
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Statistical Inference

Hypothesis tests also exist for:

Regression coefficients (i.e. slope and y-intercept)

Correlation Coefficient

Temporal autocorrelation

Correlation Matrices

Two-way ANOVA

…
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Statistical Inference

Questions?
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