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ANalysis Of VAriance (ANOVA)

Bingham and Fry (2010): Chapter 2
— The Chi-square distribution and the F-distribution [2.1, 2.3]
— Orthogonality and multivariate transformation formula [2.2, 2.4]
— Normal sample mean and variance [2.5]
— One-way ANOVA [2.6]
— Two-way ANOVA [2.7-2.8]
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Today

Primary aim chapter 1: ANalysis Of VAriance – comparing means
by studying variability.

Normal sample: proof about important properties of sample mean
X̄ and sample variance S2.

One-way ANOVA : use proof above to show properties of sample
sums of squares.
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Normal samples [2.5]

Let X1,X2, . . . ,Xn be a random sample from N(µ, σ2). Further, let
X̄ = 1

n
∑n

i=1 Xi and S2 = 1
n
∑n

i=1(Xi − X̄ )2.
Then the following holds:
— X̄ and S2 are independent.
— X̄ ∼ N(µ, σ2/n).
— nS2/σ2 ∼ χ2

n−1.

www.ntnu.no Mette.Langaas@math.ntnu.no, TMA4267V2014





















typo in book



Rothamsted Experimental Station

• founded in 1843 by John Bennet
Lawes on his inherited 16t 
century estate, Rothamsted
Manor, 
– wanted to investigate the impact 

of inorganic and organic 
fertilizers on crop yield 

– had founded a fertilizer 
manufacturing company in 1842

• Lawes appointed the chemist 
Joseph Henry Gilbert to the 
directorship of the chemical 
laboratory 

• the two began a series of field 
experiments to examine the 
effects of inorganic fertilizers and 
organic manures on the nutrition 
and yield of a number of 
important crops 

http://www.stats.uwo.ca/faculty/bellhouse/stat499lecture13.pdf

www.ntnu.no Mette.Langaas@math.ntnu.no, TMA4267V2014



The Broadbalk Field Trial at Rothamsted

• this was the first field trial 
started by Lawes and Gilbert 

• began in 1843 
• purpose was to investigate the 

relative importance of different 
plant nutrients (N, P, K, Na, 
Mg) on grain yield of winter 
wheat

• weeds were controlled by hand 
hoeing and fallowing 
– now some herbicides are used

• The experiment continues to 
this day

http://www.stats.uwo.ca/faculty/bellhouse/stat499lecture13.pdf
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Concrete aggregates example
— Aggregates are inert granular materials

such as sand, gravel, or crushed stone
that, along with water and portland
cement, are an essential ingredient in
concrete.

— For a good concrete mix, aggregates need to be clean, hard,
strong particles free of absorbed chemicals or coatings of clay
and other fine materials that could cause the deterioration of
concrete.

— We could like to examine 5 different aggregates, and measure
the absorption of moisture after 48hrs exposure (to moisture).

— A total of 6 samples are tested for each aggregate.
— Research question: Is there a difference between the

aggregates with respect to absorption of moisture?
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Concrete aggregates data

Table 13.1 of WMMY.
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Concrete aggregates example
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